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My  dear  Sir, 

I  take  the  liberty  of  inscribing  the  following  Work  to  you,  as  an 
expression  of  my  grateful  remembrance  of  the  value  of  your  instmctions,  of 
my  respect  for  those  Intellectual  faculties  which  render  you  pre-eminent 
amongst  the  Medical  Philosophers  of  our  time,  and  of  my  admiration  for  those 
Moral  excellencies  which  call  forth  the  warm  regard  of  all  who  are  acquainted 
mth  your  character. 

In  many  parts  of  this  Treatise,  you  will  find  that  doctrines,  which 
you  have  long  upheld  in  opposition  to  almost  the  whole  Physiological  world^ 
are  defended  with  such  resources  as  I  could  command ;  and  that,  in  many 
instances,  such  convincing  evidence  of  their  truth  has  been  afforded  by  recent 
observations,  that  further  opposition  to  them  would  now  seem  vain.  And  if 
I  have  presumed  to  differ  from  you  on  some  points,  it  has  been  in  the  spirit 
of  that  independence,  which  you  have  uniformly  encouraged  in  your  pupils  ; 
yet  with  a  distrust  of  my  own  judgment,  wherever  it  came  into  collision 
with  yours. 

That  you  may  long  be  spared  to  be  the  ornament  of  your  University, 
and  the  honour  of  your  City,  is  the  earnest  wish  of, 

Dear  Sir, 

Your  obliged  Pupil, 

WILLIAM  B.  CARPENTER. 
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The  Author  feels  it  necessary  to  apologize  to  those,  whose  kind  appre- 
ciation of  the  following  work  occasioned  a  call  for  a  New  Edition  as  much 
as  two  years  since,  to  apologize  for  the  delay  which  has  attended  its 
appearance.    Having  been  at  that  time  engaged  in  re-writing  his  "  Prin- 
ciples of  General  and  Comparative  Physiology,"  he  felt  that  he  could  not 
do  justice  to  that  work,  if  he  were  not  to  bring  it  to  a  conclusion  before 
taking  another  in  hand;  and  when,  on  the  completion  of  that  task,  he 
applied  himself  to  the  preparation  of  his  "Principles  of  Human  Physiology" 
for  the  press,  he  found  that  nothing  short  of  an  entire  remodelling  of  the 
preceding  Edition  would  in  any  degree  satisfy  his  notions  of  what  such  a 
treatise  ought  to  be.    For  although  no  fundamental  change  had  taken 
place  during  the  interval  in  the  fabric  of  Physiological  Science,  yet  a  large 
number  of  less  important  modifications  had  been  effected,  which  had 
combined  to  produce  a  very  considerable  alteration  in  its  aspect.  More- 
over, the  progressive  maturation  of  his  own  views,  and  his  increased 
experience  as  a  Teacher,  had  not  only  rendered  him  more  keenly  alive 
to  the  imperfections  which  were  inherent  in  its  original  plan,  but  had 
caused  him  to  look  upon  many  topics  in  a  light  very  different  from 
that  under  which  he  had  previously  regarded  them ;  and,  in  particular, 
he  felt  a  strong  desire  to  give  to  his  work  as  practical  a  character  as 
possible,  without  foregoing  the  position  which  (he  trusts  he  may  say 
without  presumption)  he  had  succeeded  in  gaining  for  it,  as  a  philoso- 
phical exposition  of  one  important  department  of  Physiological  Science. 
He  was  led,  therefore,  to  the  determination  of,  in  reality,  producing  a 
new  treatise,  in  which  only  those  parts  of  the  old  should  be  retained, 
which  might  express  the  existing  state  of  knowledge,  and  of  his  own 
opinions,  on  the  points  to  which  they  relate :  and  the  following  outline 
of  the  changes  which  he  has  made,  will  show  the  extent  to  which  this 
reconstruction  has  been  accomplished. 

Considering  it  extremely  important  that  his  readers  should  have  a 
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clear  idea  of  the  sense  in  which  the  terms  Law  and  Gause  are  subse- 
quently employed,  he  has  devoted  a  few  pages  of  the  Introduction  to  an 
explanation  of  his  views  upon  these  points  ;  and  he  hopes  that  he  may 
he  there  found  to  have  thrown  some  light  upon  the  philosophy  of  causa- 
tion, which  may  be  of  assistance  to  other  scientific  inquirers. 

In  order  to  make  room  for  a  portion  of  the  new  matter  which  he 
desired  to  introduce  into  the  treatise,  he  has  felt  it  necessary  to  omit  all 
those  references  to  the  structure  and  vital  actions  of  the  lower  animals, 
which  had  not  an  immediate  and  direct  bearing  upon  Human  Physiology ; 
and  consequently,  of  the  First  Chapter  of  the  previous  editions — "  On  the 
Place  of  Man  in  the  Scale  of  Being," — he  has  only  retained  so  much  as 
related  to  the  characteristics  that  distinguish  Man  from  the  Mammalia 
which  most  nearly  approach  him.  The  succeeding  Chapter,  which 
treated  "Of  the  Different  Branches  of  the  Human  Family  and  their 
Mutual  Relations,"  has  been  extended  in  all  that  relates  to  Man,  and 
cui"tailed  in  that  which  rather  belongs  to  Comparative  Physiology ;  and 
has  been  transferred  to  neai'ly  the  end  of  the  volume,  which  the  Author 
considers  to  be  now  the  more  appropriate  place  for  it. 

The  Second  Chapter  of  the  present  Edition,  comj)rising  a  general  view 
"  Of  the  Chemical  Components  of  the  Human  Body,  and  the  Changes 
which  they  undergo  within  it,"  is  now  for  the  fii'St  time  introduced.  The 
Author  has  aimed  to  render  it  as  complete  as  its  necessary  limits  would 
permit ;  and  hopes  that  he  will  be  found  not  to  have  omitted  anything 
truly  important,  and  to  have  presented  a  faithful,  though  concise,  exposi- 
tion of  the  present  state  of  om-  knowledge  upon  this  important  subject. 
In  the  preparation  of  this  Chapter,  he  has  made  great  use  of  the  admir- 
able "Physiological  Chemistry"  of  Prof.  Lehmann,  now  in  progress  of 
translation  by  Prof.  Day  for  the  Cavendish  Society ;  and  not  only  this,  but 
other  portions  of  his  work  that  involve  a  scientific  knowledge  of  Organic 
Chemistry,  have  had  the  advantage  of  Prof  Day's  revision, — a  service  for 
which  the  Author  feels  greatly  indebted,  both  for  himself,  and  in  behalf 
of  his  readei's.  Several  new  views  will  be  found  in  this  Chapter,  which 
have  occurred  to  the  Author  during  its  preparation;  he  would  especially 
point  to  that  of  the  respective  relations  of  Fibrin  and  Albumen  to  the 
nutritive  processes,  and  of  the  former  to  the  Gelatinous  tissues  (§§  29, 
30);  and  to  the  General.  Smm^ary  which  forms  the  last  section,  in  which 
the  discoveries  of  M.  CI.  Bernard  in  regard  to  the  elaboration  of  sugai* 
and  fat  in  the  Liver,  are  placed  (he  believes)  in  a  somewhat  novel 
aspect. 

From  the  consideration  of  the  chemical  components  of  the  organism, 
and  of  the  participation  of  chemical  forces  in  its  operations,  it  seemed 
natural  to  pass-on  to  that  of  "  The  Structural  Elements  of  the  Human 
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Body,  and  the  Vital  Actions  which  they  exhibit,"  which  forms  the 
subject  of  the  Third  Chapter.  Nearly  the  whole  of  this  Chapter,  which 
includes  the  general  doctrines  of  Cell-formation  and  of  Vital  Force,  in 
tlieir  application  to  Human  Physiology,  appears  for  the  first  time  in  this 
edition. 

Passing  on  to  the  more  detailed  survey  of  the  constituent  parts  of  the 
Human  body,  the  first  place  seemed  to  be  claimed  by  the  Blood ;  the 
"  Physical  Characters,  Chemical  Composition,  and  Vital  Properties "  of 
which  are  treated-of  at  some  leng-th  in  Chapter  IV.  This  portion  has 
been  gi'eatly  extended,  and  almost  entirely  re-written  ;  the  great  import- 
ance of  the  subject,  in  its  bearings  on  Pathology  as  well  as  on  Physio- 
logy, having  been  constantly  kept  in  view.  The  Author  does  not  profess 
to  have  included  by  any  means  all  that  might  have  been  brought  toge- 
ther on  the  subject;  but  he  has  selected  those  facts  with  which  he  consi- 
dered it  most  important  that  his  readers  should  be  acquainted,  and  those 
doctrines  which  seemed  to  him  to  have  the  most  direct  practical  appli- 
cations. As  original  contributions  to  this  department  of  Physiology,  he 
would  especially  point  to  the  correction  (§  154)  of  the  ordinary  analyses 
of  the  Blood  (the  essential  point  of  which,  he  may  remark,  has  been 
brought  under  the  notice  of  the  French  Academy  by  M.  Lecanu,  some 
months  since  this  chapter  passed  through  the  press) ;  and  to  the  account 
of  that  state  of  the  blood  which  gives  a  special  predisposition  to  zymotic 
disease  (§  210),  —  a  doctrine,  which,  although  to  a  certain  extent  hypo- 
thetical, will  be  foimd  (he  believes)  to  be  in  such  strict  accordance  with 
all  the  known  facts  bearing  upon  the  subject,  as  to  be  almost  entitled  to 
rank  as  a  legitimate  generalization  of  them. 

The  Fifth  Chapter,  "  On  the  Primary  Tissues  of  the  Living  Body ; 
their  Structure,  Composition,  and  Actions,"  is  essentially  the  same  with 
the  Third  Chapter  of  the  previous  Edition;  but  a  large  amount  of  new 
matter,  in  great  part  supplied  by  the  elaborate  "  Mikroscopische  Ana- 
tomic" of  Prof  Kolliker,  has  been  incorporated  in  it;  and  many  new  illus- 
trations, chiefly  derived  from  the  same  source,  have  been  introduced. 
The  account  of  the  vital  endowments  of  the  Muscular  and  Nervous 
tissues,  previously  contained  in  other  chapters,  has  been  transferred  to 
this ;  so  as  to  make  it  embody  a  complete  sketch  of  those  physiological 
actions  of  the  separate  parts  of  the  organism,  which  are  afterwards  to  be 
considered  in  their  relations  to  each  other. 

This  Chapter  is  followed,  as  in  the  previous  Edition,  by  a  "  General 
View  of  the  Functions  of  the  Human  Body  "  (chap,  vi.),  in  which  there 
has  been  but  little  alteration. 

In  conformity  with  the  opinion  expressed  by  some  of  his  friendly 
Critics,  and  by  many  Teachers  of  Physiology,  the  Author  has  reversed. 
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the  previous  aiTangement  of  the  Chapters  which  treat  of  the  Functions 
in  detail;  those  relating  to  the  Organic  Functions  being  now  placed 
/  before  those  in  which  the  Animal  Functions  are  described,  instead  of  after. 
This  has  involved  a  new  distribution  of  much  of  the  matter  which  was 
previously  treated  in  a  connected  form  in  the  Chapter  on  the  "  Functions 
of  the  Nervous  System;"  since  it  has  appeared  to  the  Author  veiy  desu-able 
that  the  whole  group  of  actions  whose  aggi'cgate  makes  up  each  function, 
should  now  be  considered  in  its  connexion ;  and  thus  the  movements  of 
Deglutition,  Respiration,  &c.,  not  having  been  explained  (as  was  formerly 
the  case)  in  the  earlier  part  of  the  volume,  are  described,  and  their  con- 
nection with  the  Nervous  System  examined,  under  each  separate  head. 
Their  general  relations  to  the  Nervous  System  having  been  previously 
explained,  however,  in  the  Sixth  Chapter,  the  Author  does  not  apprehend 
that  any  inconvenience  will  be  experienced  from  this  alteration. — By  the 
adoption  of  this  change,  in  some  degree  against  his  own  judgment,  the 
Author  trusts  that  he  has  sufficiently  marked  his  desire  to  profit  by  all 
such  advice  as  may  be  tendered  to  him  in  a  friendly  spu'it,  and  by  those 
whose  position  or  attainments  give  value  to  their  opinion. 

The  series  of  Chapters  on  the  several  Organic  Functions,  remain  essen- 
tially the  same  as  in  the  previous  Edition ;  but  important  additions  and 
corrections  have  been  made  in  every  one.    Thus,  in  Chapter  vii.  "  On 
Food  and  the  Digestive  Process,"  the  whole  subject  of  Food  is  much  moi'e 
fully  discussed  than  heretofore;  and  the  most  important  of  the  results 
obtained  from  the  study  of  the  Digestive  Process  by  Frerichs,  Bernard, 
and  other  experimenters,  have  been  embodied  in  the  account  of  it.  In 
Chapter  vni.,  "  On  Absorption  and  Sanguification,"  the  structure  and 
development  of  the  Ductless  Glands  have  been  more  fully  described,  in 
accordance  with  the  researches  of  Kolliker,  Sanders,  Eckei',  Gray,  and 
others;  and  their  relation  to  the  process  of  Sanguification  more  clearly 
elucidated.    In  Chapter  ix.  "  On  the  Ckculation  of  the  Blood,"  the 
causes  of  the  Heart's  Sounds  have  been  more  fully  considered ;  a  view  of 
the  nature  of  its  rhythmical  contractions  has  been  suggested  (§  498,  499), 
which  the  Author  believes  to  be  original;  and  the  most  important 
among  the  results  of  Prof  Volkmann's  elaborate  researches-  on  the 
Dynamics  of  the  Movement  of  the  Blood  have  been  introduced.  In 
Chapter  x.,  "  On  Respiration,"  the  chief  additions  to  the  first  Section, 
are  those  which  embody  the  results  of  Dr.  Hutchinson's  inquiries  on 
the  Movements  of  Respiration;  to  the  second,  the  data  furnished  by 
the  researches  of  MM.  Regnault  and  Reiset,  Prof  Scharling,  M.  Barral, 
and  others,  upon  the  amount  of  Oxygen  absorbed  and  of  Carbonic  Acid 
exhaled ;  whilst  the  thh-d,  in  which  the  "  Effects  of  Suspension  or  Defi- 
ciency of  Respiration"  are  discussed,  has  been  largely  augmented  by 
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summaiy  of  the  evidence  afforded  by  our  recent  experience,  of  the 
rked  tendency  of  an  habitually-imperfect  Respiration  to  produce  a 
liability  to  Zymotic  disease.    Nearly  the  whole  of  Chapter  xi.,  "On 
Nutrition,"  has  been  newly  written  for  this  Edition ;  and  here,  as  else- 
where, the  Author  has  been  greatly  indebted  to  the  Hunterian  Lectures 
of  his  fii'iend,  Mr.  Paget,  whose  contributions  to  this  department  of 
Physiology  he  regards  as  of  the  highest  scientific  as  well  as  practical 
value.     He  cannot  forbear,  moreover,  to  express  the  pleasm-e  which 
he  has  derived,  from  finding  that  Mr.  Paget  most  fully  recognizes,  and 
gives  him  credit  for  two  important  doctrines  which  he  had  taught  in 
former  editions  of  this  work;  namely,  the  limits  to  the  Duration  of  indi- 
vidual parts,  imposed  by  the  very  fact  of  their  independent  vitality, 
and  vaiying  with  the  activity  of  their  vital  operations;  and  the  dimi- 
nished Formative  power  of  the  tissues,  as  one  of  the  essential  constituents 
of  the  state  of  Inflammation.    In  Chapter  xii.,  "  On  Secretion  and  Excre- 
tion," important  additions  have  been  made  under  almost  every  head; 
and  those  parts,  especially,  which  relate  to  the  agency  of  the  Excretory 
apparatus  in  maintaining  the  purity  of  the  Blood,  have  been  extended. 
This  chapter,  however,  is  less  comprehensive  than  formerly;  several 
of  the  subjects  which  it  previously  included,  having  been  transferred 
to  portions  of  the  work  in  which  they  seemed  to  find  more  appropriate 
places;  the  Salivary  and  Pancreatic  secreti&ns-  being  now  treated-of  in 
the  Chapter  on  Digestion,  and  those  of  the  Testes  and  Mammary  Glands 
in  that  on  Generation.    Of  the  three  subjects  included  in  Chapter  xiii., 
"  On  the  Evolution  of  Heat,  Light,  and  Electricity,"  the  first  alone  had 
been  systematically  considered  in  the  previous  editions,  and  this  has 
been  considerably  extended  in  the  present;  under  the  second  head  will 
be  found  some  very  curious  observations  on  the  evolution  of  Light  in  the 
Hving  Human  subject;  and  under  the  third  is  given  a  summary  of  the 
results  of  the  admirable  researches  of  M.  Du-bois  Reymond,  which  have 
been  recently  brought  before  the  scientific  public  in  this  country  by 
Dr.  Pence  Jones. 

It  is  in  the  Chapter  (xiv.)  devoted  to  the  Functions  of  the  Nervous 
System,  which  constitutes  one-fifth  of  the  entire  volume,  that  the  greatest 
additions  and  alterations  will  be  found.  This  subject,  in  its  Psychological 
as  well  as  in  its  Physiological  relations,  has  occupied  more  of  the  Author's 
attention  than  any  other  department  of  Physiology ;  and  he  now  offers 
the  more  matured  fruits  of  his  inquiries  and  reflections,  with  some 
confidence  that,  even  if  his  views  should  hereafter  require  modification  as 
to  details,  they  will  be  found  to  be  fundamentally  correct,  and  to  furnish 
materials  of  some  value  in  Psychological  inquiry,  as  well  as  in  the  study 
of  Mental  Pathology, — a  subject  which  is  now  receiving  for  the  first  time 
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(in  this  country,  at  least)  the  attention  wliich  its  vast  importance- 
demands.  The  peculiar  states  which  are  known  under  the  designations 
of  Somnambulism,  Hypnotism,  Mesmerism,  Electro-Biology,  &c.,  are 
all  considered  in  their  relations  to  Sleep  on  the  one  hand,  and  to  the 
ordinary  condition  of  Mental  Activity  on  the  other;  and  the  Author 
ventures  to  believe  that  he  has  not  only  succeeded  in  throwing  con- 
siderable light  upon  the  nature  of  these  aberrant  forms  of  psychical 
action,  but  that  he  has  been  enabled  to  deduce  from  their  phenomena 
some  inferences  of  great  importance  in  Psychological  science.  He 
would  particularly  refer  to  all  that  portion  of  Section  5  ("  On  the 
Cerebrum  and  its  Functions"),  which  relates  to  the  Automatic  operations 
of  the  Mind,  and  to  the  relation  of  the  Will  to  these,  as  opening-up  what 
he  believes  to  be  an  entirely  new  line  of  inquiry. 

It  is  with  great  satisfaction  that  he  can  refer  to  his  friends.  Dr.  Holland 
and  Dr.  Laycock,  as  participating  (with  regard  to  all  essential  points  at 
least)  in  his  own  views  on  all  these  subjects;  and  though  all  which 
he  has  here  written  upon  them  is  the  expression  of  the  results  of  his 
own  observation  and  reflection,  yet  he  gladly  takes  this  opportunity 
of  acknowledging  the  great  benefit  which  he  has  derived  from  the  wi'itings 
and  conversation  of  these  philosophical  and  independent  thinkers.  It 
would  be  ungi-ateful  if  he  were  not  also  to  record  his  obligations  to 
his  friends,  Mr.  John  Mill  and  Mr.  Daniel  Morell,  who  have  allowed 
him  to  bring  his  Psychological  views  under  their  notice,  from  time 
to  time,  and  to  subject  them  to  the  test  of  their  own  far  more  extensive 
and  profound  acquaintance  with  that  department  of  his  inquhy. 

In  Chapter  xv.,  "On  Sensation,  and  the  Organs  of  the  Senses," 
comparatively  little  change  has  been  made ;  several  additions  have  been 
introduced,  however,  and  some  corrections  made.  The  next  Chapter 
(xvi.),  "  On  Muscular  Movements,"  has  been  entirely  remodelled,  the 
portion  which  relates  to  the  vital  endowments  of  Muscular  Fibre  having 
been  removed  to  Chapter  v..  Section  6,  and  its  place  supplied  by  new 
matter  which  contains  many  original  views,  especially  under  Section  4, 
which  treats  of  "the  influence  of  Expectant  Attention  on  Muscular 
Movements."  Comparatively  little  alteration  has  been  found  necessaiy  in 
Chapter  xvii.,  "  On  the  Voice  and  Speech,"  or  in  Chapter  xviii.,  "  On  the 
Influence  of  the  Nervous  System  on  the  Organic  Functions;"  an  import- 
ant addition  has  been  made  to  the  latter,  however,  with  reference  to  the 
influence  of  the  state  of  '  expectant  attention  '  on  the  operations  of  Nutri- 
tion, Secretion,  &c. 

The  additions  and  alterations  which  have  been  made  in  Chapter  xix., 
"On  Generation,"  will  be  found  to  be  both  numerous  and  important, 
especially  imder  the  Section  on  the  "Development  of  the  Embryo ;"  which 
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has  been  almost  entirely  re-written,  so  as  to  bring  the  view  of  this  process 
more  into  accordance  with  the  existing  state  of  our  knowledge  of  it.  The 
Author  has  not  felt  it  expedient,  however,  (for  the  reasons  mentioned  in 
§  922)  to  enter  into  minute  details  upon  this  subject. 

In  Chapter  xx.,  "  On  the  Different  Branches  of  the  Human  Family, 
and  their  Mutual  Relations,"  all  that  directly  relates  to  its  subject  has 
been  considerably  extended,  and  many  novelties  have  been  introduced ; 
whilst  those  arguments  for  the  Specific  Unity  of  the  Human  Races,  which 
are  derived  from  the  analogy  of  the  lower  animals,  have  been  simply 
referred-to, — having  been  fully  dwelt-on  by  the  Author  elsewhere. 

The  closing  Chaper,  "  On  Death,"  has  been  almost  entirely  written  for 
this  Edition;  the  subject  having  been  only  touched-on  incidentally  in 
the  preceding. 

The  Author  trusts  that  it  will  be  apparent,  from  the  foregoing  sum- 
mary, that  he  has  spared  no  pains  to  render  the  present  Edition  worthy 
of  the  favourable  reception  which  has  been  accorded  to  its  predecessors. 
The  principle  he  has  adopted  throughout,  has  been  that  of  making  the 
Treatise  express  his  present  convictions  and  opinions,  as  completely  as 
if  it  were  now  for  the  first  time  put  forth  ;  the  old  materials  having 
been  incorporated  with  the  new,  rather  than  the  new  with  the  old  ;  and 
having  only  been  employed,  where  they  could  be  readily  made  subser- 
vient to  this  pui'pose.  In  making  his  selection  from  the  vast  mass  of 
results  which  have  been  recently  accumulated  by  the  diligent  labours  of 
Physiologists  of  various  countries,  the  Author  has  been  guided  by  the 
priociple  which  he  expressed  in  the  Preface  to  his  previous  Edition; — 
that,  namely,  of  not  rashly  introducing  changes  inconsistent  with  usually- 
received  views ; — nor,  on  the  other  hand,  showing  an  unwillingness  to 
reject  the  statements  of  those  who  have  taken  adequate  pains  to  arrive  at 
accm-ate  conclusions.  "  He  trusts  that  he  may  be  found  " —  now  as  then 
— "  to  have  exercised  a  sound  discretion,  both  as  to  what  he  has  admitted, 
and  what  he  has  rejected;  and  that  his  work  will  appear  to  exhibit,  on 
the  whole,  a  faithfril  reflection  of  the  present  aspect  of  Physiological 
Science.  He  cannot  venture  to  expect,  however,  that  he  has  succeeded 
in  every  instance,  so  that  each  of  his  readers  will  be  in  constant  agree- 
ment with  him ;  since  it  is  impossible  that  they  should  all  siu'vey  the 
subject  from  the  same  point  of  view." 

In  conformity  with  a  desire  frequently  expressed,  both  by  critics  and 
readers,  a  large  number  of  references  have  been  introduced;  and  to 
this  addition,  no  small  portion  of  the  augmented  bulk  of  the  volume  is 
due.  Here,  as  in  his  companion-work,  the  Author  has  felt  himself  com- 
pelled, by  want  of  space,  "to  limit  his  references,  for  the  most  part. 
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to  those  new  facts  and  doctriues,  which  cannot  yet  be  said  to  have| 
become  part  of  the  common  stock  of  Physiological  Science."  The  special' 
Index  of  "Authors  referred-to,"  will  be  found,  he  hopes,  of  service  to 
those  who  wish  to  know  the  views  of  the  original  writers  quoted,  upon 
any  particular  topic.  To  the  knowledge  of  many  of  these,  he  has  been 
led  by  the  excellent  "  Hand-book  of  Physiology "  of  Messrs.  Kirkes  and 
Paget,  to  which  he  gladly  expresses  his  obligations  in  this  particular. 
He  has  himself  consulted  the  originals,  however,  in  all  cases  in  which  he 
could  gain  access  to  them. 

In  conclusion,  the  Author  would  repeat  the  remark  with  which  he 
brought  to  a  close  the  Preface  to  the  first  Edition  (1842); — "that  in  a 
work  involving  many  details,  it  is  not  to  be  expected  that  no  en-or 
should  have  crept  in ;  but  that  he  has  endeavoured  to  secure  coiTCctness, 
by  relying  only  upon  such  authorities  as  appeared  to  him  competent, 
and  by  comparing  their  statements  with  such  general  principles  as  he 
considers  well  established.  For  the  truth  of  those  principles,  he  holds 
himself  responsible ;  for  the  correctness  of  the  details,  he  must  appeal  to 
those  from  whom  they  are  derived,  and  to  whom  he  has  generally  referred. 
He  hopes  that  he  will  not  be  found  unwilling  to  modify  either,  when  they 
have  been  proved  to  be  erroneous;  nor  indisposed  to  profit  by  criticism, 
when  administered  in  a  friendly  spirit." 


University  Hall,  November,  1852. 
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PLATE  I. 

FIG. 

1.  Spermatozoa  of  Man ;  a,  viewed  on  the  surface ;  b,  viewed  edgeways  {§  958). 

2.  Vesicles  of  evolution  from  the  seminal  fluid  of  the  Dog ;  A,  B,  c,  single  vesicles  of 

different  sizes ;  d,  single  vesicle  within  its  parent-cell ;  b,  parent-cell  enclosing 
seven  vesicles  of  evolution  (§  959). 

3.  Development  of  Spermatozoa  within  the  vesicles  of  evolution  ;  a,  b,  vesicles  containing 

spermatozoa  in  process  of  formation ;  c,  d,  spermatozoa  escaping  from  the  vesicles 
(§  959). 

[The   three  preceding  figures  are  after  Wagner   and  Leuckardt  ("  Cyclop,  of 
Anatomy  and  Physiology,"  Art.  '  Semen ').] 

4.  Thin  slice  of  the  ovarium  of  a  Sow  three  weeks  old,  showing  the  Graafian  vesicles  or 

ovisacs  imbedded  in  a  fibro-cellular  stroma.  The  ovisacs  are  filled  with  cells,  in 
the  midst  of  which  one  large  one  may  be  specially  distinguished ;  this,  which  is 
the  germinal  vesicle,  is  surrounded  by  minut;^  granules,  which  constitute  the  first 
indication  of  the  yolk  (§  963). 

5.  Ovum  of  a  Rabbit,  showing  the  vitelline  mass  almost  entirely  converted  into  distinct 

cells,  of  which  those  at  the  surface  are  pressed  against  each  other  and  against  the 
zona  pellucida,  so  as  to  assume  a  hexagonal  form.  The  dark  portion  consists  of  a 
mass  of  vitelline  spheres,  which  has  not  undergone  this  conversion  (§  996). 

6.  Ovum  of  the  Rabbit,  seven  days  after  impregnation,  viewed  on  a  black  ground.  The 

outer  membrane  is  the  chorion,  on  which  are  seen  incipient  villosities.  Within 
this  is  the  blastodermic  vesicle,  at  the  summit  of  which  is  the  projection  formed  by 
the  area  germinativa  ;  and  from  this  the  mucous  layer  of  the  germinal  membrane  is 
seen  to  extend  over  about  one- third  of  the  surface  of  the  contained  yollc  (§  996). 

7.  Portion  of  the  germinal  membrane,  taken  from  the  area  germinativa,  to  show  the  two 

layers  of  which  it  is  composed ;  the  serous,  or  animal  layer,  is  turned  back,  so  as 
to  show  the  mucous  or  vegetative  layer  in  situ.  In  the  latter  is  seen  the  primitive 
trace  (§  996). 

8.  Portion  of  the  serous  layer  of  the  germinal  membrane,  highly  magnified ;  showing  that 

it  is  made-up  of  nucleated  cells,  united  by  intercellular  substance,  and  filled  with 
minute  molecules  ($  996). 

9.  Portion  of  the  mucous  layer  of  the  germinal  membrane,  highly  magnified  ;  showing  that 

it  is  made-up  of  cells,  whose  borders  arc  more  distinct  and  more  closely  applied  to 
each  other  than  those  of  the  serous  layer,  and  whose  contents  are  more  transparent 
($  996), 

[The  six  preceding  figures  are  after  Bisclioff  ("  Entvvickclungsgeschichte  dcr  Siiugc- 
thicre,"  &c.  (1842),  — "des  Kanincheneies"  (1842),  — "dcs  Hunde-eies" 
(1845).] 
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10.  Gravid  uterus  of  a  Woman  who  had  committed  suicide  in  the  seventh  week  of  preg- 
nancy, laid  open  ;  a,  os  uteri  internum  ;  6,  cavity  of  the  cervix  ;  c,  c,  c,  c,  the  four 
flaps  of  the  body  of  the  uterus  turned  back ;  d,  d,  d,  inner  surface  of  uterine  decidual 
e,e,  decidua  reflexa  external  villous  surface  of  the  chorion ;  g,  internal  sur&ce 
of  the  chorion  ;  It,  amnion  ;  i,  umbilical  vesicle  ;  k,  umbilical  cord  ;  I,  embryo  ;  m, 
space  between  chorion  and  amnion  {§§  919-921,  and  938,  939).  [After  Wagner 
("  Icones  Physiologicae").] 


PLATE  II. 

11.  Uterine  Ovum  of  Rabbit,  showing  the  Area  Pellucida,  with  the  primitive  trace  ($  937). 

12.  More  advanced  ovum,  showing  the  incipient  formation  of  the  Vertebral  column,  and 

the  dilatation  of  the  primitive  groove  at  its  anterior  extremity  {§  937). 

13.  More  advfinced  embryo,  seen  on  its  ventral  side,  and  showing  the  first  development  of 

the  Circulating  apparatus.  Around  the  Vascular  Area  is  shown  the  terminal  sinus, 
a,  a,  a.  The  blood  returns  from  this  by  two  superior  branches,  b,  h,  and  two  infe- 
rior c,  c,  of  the  omphalo-meseraic  veins,  to  the  heart,  d;  which  is,  at  this  period,  a 
tube  curved  on  itself,  and  presenting  the  first  indication  of  a  division  into  cavities. 
The  two  aortic  trunks  appear,  in  the  abdominal  region,  as  the  inferior  vertebral 
arteries,  e,  e ;  from  which  are  given  off  the  omphalo-meseraic  arteries,/^/",  which 
form  a  network  that  distributes  the  blood  over  the  vascular  area.  In  the  cephalic 
region  are  seen  the  anterior  cerebral  vesicles,  with  the  two  ocular  vesicles  g,  (§§  938, 
940). 

[The  three  preceding  figures  are  from  the  works  of  Bischoff  previously  cited,] 


PLATE  III. 

(To  face  page  12). 

Comparative  View  of  the  Skeleton  of  Man,  and  that  of  the  Orang  Outan.  [After 
Owen  ("Zoological  Transactions,"  vol.  i.).] 
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INTRODUCTION. 


The  object  of  the  science  of  Physiology  is  to  bring  together,  in  a  syste- 
matic form,  the  phenomena  which  normally  present  themselves  during 
the  existence  of  living  beings ;  and  to  classify  and  compare  these  in  such 
a  manner,  as  to  deduce  from  them  those  general  Laws  or  Principles  which 
express  the  conditions  of  their  occurrence,  and  to  determine  the  Causes  to 
which  they  are  attributable.  ^ 

The  term  "Law"  having  been  frequently  applied  to  physical  and  physio- 
logical phenomena,  in  a  manner  very  different  from  that  which  sound 
philosophy  sanctions,  it  is  desirable  to  explain  the  acceptation  (believed 
by  the  author  to  be  the  only  legitimate  one),  in  which  it  is  here  employed. 
Viewed  in  their  scientific  aspect,  the  so-called  Laivs  of  Nature  are  nothing 
else  than  general  expressions  of  the  conditions  under  which  certain  assem- 
blages of  phenomena  occur,  so  far  as  those  conditions  are  known  to  us. 
Thus  the  law  of  Gravitation  in  General  Physics  (the  most  comprehensive 
of  any  with  which  we  are  acquainted),  is  nothing  else  than  a  simple 
expression  of  the  fact,  that,  under  all  circumstances,  two  masses  of  matter 
will  attract  each  other,  with  forces  directly  proportional  to  their  respec- 
tive bulks,  and  inversely  as  the  square  of  their  distances.  So,  again,  the 
law  of  Cell-growth,  which  seems  to  hold  nearly  the  same  rank  in  Pliysio- 
logy  with  that  of  Gravitation  in  Physics,  embodies  these  two  general 
facts,  (1),  that  aU  organized  beings  originate  in  cells,  and  (2),.  that  the 
various  functions  of  life  are  carried  on,  even  in  the  adult  condition,  by 
the  continued  growth  and  development  of  cells. 

It  is  a  very  common  fallacy,  however,  to  assume  that  we  have  suffi- 
ciently accounted  for  a  phenomenon,  when  we  have  referred  it  to  a 
"  general  law."  Thus  if  a  man  be  asked  why  a  stone  falls  to  the  earth, 
he  commonly  considers  that  he  gives  a  satisfactory  explanation  when  he 
replies,  "  Because  of  the  Law  of  gravitation."  But  it  must  be  remembered 
that  this  "law  of  gravitation"  is  a  law,  that  is,  a  generalized  expression 
"f  facts,  only  because  all  stones  ffill  to  the  eartli,  and  all  other  masses  of 
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matter  (so  far  as  we  know)  towards  each  other;  therefore,  to  say  that  a 
stone  falls  to  the  earth  because  of  the  law  of  gi'avitation,  is  merely  to 
say  that  two  bodies  are  attracted  together  because  all  others  are, — which 
is  obviously  nothing  else,  than  an  extension  of  the  statement  from  the 
particular  to  the  general  fact.  It  cannot,  indeed,  be  kept  too  constantly 
in  view,  "  that  in  science,  those  who  speak  of  explaining  any  phenomenon 
mean  (or  should  mean)  pointing  out  not  some  more  familiar,  but  merely 
some  more  general  phenomenon,  of  which  it  is  a  partial  exemplification 
— the  explanation  being  accounted  most  complete,  when  the  conditions  of 
such  general  phenomenon  can  be  expressed  in  the  precise  form  of  a  "  law," 
with  which  those  of  the  particular  case  can  be  shown  to  accord,  and  fi-om 
which,  therefore,  its  occun-ence  may  be  predicted  deductively.  The  whole 
problem  of  the  scientific  investigation  of  Natm'e  may,  indeed,  be  thus 
stated: — "Wliat  are  the  fewest  assumptions,  which,  being  gi'anted,  the 
order  of  nature  as  it  exists  would  be  the  result  ?  What  are  the  fewest 
general  propositions,  from  which  all  the  xmiformities  existing  in  natm*e 
could  be  deduced  ? "  * 

In  its  scientific  acceptation,  therefore,  a  Law  of  Natm-e  must  be 
admitted  to  possess  no  coercive  power  whatever ;  and  to  speak  of  pheno- 
mena as  being  governed  by  laws,  is  altogether  incorrect.  The  only  sense 
in  which  this  form  of  expression  can  be  admitted  to  have  any  true  mean- 
ing, is  when  the  latu  is  the  expression  of  a  will,  which  is  potent  to 
produce,  to  direct,  or  to  restrain  the  actions  to  which  it  relates.  .  Thus 
tlie  laws  of  a  State  ai'e  expressions  of  the  Will  of  the  goveruing  power, 
intended  to  regidate  the  conduct  of  the  commimity  over  which  it  rules ; 
and  they  become  entirely  inoperative,  fi-om  the  moment  when  that  power 
ceases  to  be  effectual  to  carry  out  the  purposes  which  it  has  thus 
announced.  So  then,  if  we  recognize  in  the  Universe  the  existence  of  a 
sustaining  and  controlling  Power,  we  may  regai'd  the  Laws  of  Nature 
which  Man  has  discovered,  as  expressions  of  the  plan  (so  far  as  he  has 
siicceeded  in  unveiling  it)  according  to  which  that  Power  acts ;  and  we 
may  then  legitimately  speak  of  the  phenomena  of  Nature  as  governed  by, 
or  rather  taking  place  according  to.  Laws, — it  being  always  borne  in 
mind,  however,  that  these  laws  are  mere  human  expressions  of  the  plan 
on  which  the  Divine  Power  seems  to  operate,  and  may  be  not  only  very 
imperfect,  but  also  veiy  incorrect.  The  moment,  then,  that  we  attribute 
to  Laws  of  Natm-e  a  coercive  efl&cacy,  we  pass  from  the  domain  of  Natural 
Science  into  that  of  Theology ;  and  imply,  if  we  do  not  formally  recognize, 
the  existence  of  a  Power,  of  whose  mod\is  operandi  these  laws  ai-e  the 
presumed  exponents,  t 

*  Sec  "  Elements  of  Logic,"  by  Mr.  J.  S.  Mill,  3rd  cd.  vol.  i.  p.  486. 

i"  The  neglect  of  this  distinction  h.as  led  to  many  fallacies;  not  the  least  of  which  is,  that 
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Tlie  sense  in  which  the  term  Cause,  also,  is  to  be  employed,  should  be 
clearly  understood  at  the  outset  of  any  scientific  inquiry  that  involves  its 
use;  more  especially,  since  there  is  a  considerable  discrepancy  between 
the  popular  acceptation  of  the  word,  and  the  meaning  which  is  now 
generally  assigned  to  it  by  logicians:  and  it  is  peculiarly  necessary 
for  the  correctness  of  IMedical  reasoning,  that  its  import  should  be 
definitely  settled.    When  the  "  cause  "  of  any  event  is  spoken  of,  in  com- 
mon parlance,  we  certainly  attach  to  the  term  the  idea  of  poiver,  at  the 
same  time  that  we  include  the  notion  of  the  conditions  under  which  that 
power  operates ;  and  this  practical  view  of  the  case  will  be  found  (as  the 
Author  iDclieves)  to  be  the  correct  one.    On  the  other  hand,  the  logician 
di-aws  a  distinction  between  the  "  efficient "  and  the  "  physical "  cause  of 
any  phenomenon,  dismisses  the  former  as  a  matter  with  which  scientific 
inquiiy  is  not  legitimately  concerned,  and  applies  himself  to  the  consider- 
ation of  the  latter  alone,  which  he  defines  to  be  "  the  antecedent,  or  the 
concmTence  of  antecedents,  on  which  it  is  invariably  and  unconditionally 
consequent."   (Mill,  op.  cit.)   But  when  this  assemblage  of  antecedents  is 
analyzed,  it  is  uniformly  found  that  they  may  be  resolved  into  two  cate- 
gories, which  may  be  distinguished  as  the  dynamical  and  the  material  : 
the  foi-mer  supplying  the  /orce  or  2^ower  to  which  the  change  must  be 
attributed;  whilst  the  latter  afford  the  conditions  under  which  that  power 
is  exei-ted.  Thus  in  a  Steam-Engine,  we  see  ^he  dynamical  agency  of  Heat 
made  to  produce  mechanical  power,  by  the  inode  in  which  it  is  applied — 
first,  to  impart  a  mutual  repulsion  to  the  particles  of  water, — and  then, 
by  means  of  that  mutual  repulsion,  to  give  motion  to  the  various  solid 
parts  of  which  the  machine  is  composed.    And  thus,  if  asked  what  is  the 
cause  of  the  movement  of  the  Steam-Engine,  we  distinguish  in  our  reply 
between  the  dynamical  condition  supplied  by  the  Heat,  aud  the  material 
condition  (or  assemblage  of  conditions)  aiforded  by  the  collocation  of  the 
boiler,  cylinder,  piston,  valves,  &c.   So,  again,  if  we  are  asked  what  is  the 
cause  of  the  movement  of  a  spinning-jenny,  we  refer  it  to  its  connection 
by  bands  or  wheels  with  some  shaft,  which  itself  derives  its  power  to 
move  from  a  steam-engine  or  water-wheel  j  these  material  collocations 
here  again  serving  to  supply  the  conditions,  under  which  that  Force 
becomes  operative.    In  like  manner,  if  we  inquire  into  the  causes  of  the 
germination  of  a  seed, — which  has  been  brouglit  to  the  surface  of  the 
earth,  after  remaining  dormant,  through  having  been  buried  deep  beneath 
the  soil,  for  (it  may  be)  thousands  of  years, — we  are  told  that  the  pheno- 
menon depends  upon  warmth,  moisture,  and  oxygen :  but  out  of  these  we 
smglc  warmth  as  the  dynamical  condition;  whilst  the  oxygen  and  the 

the  discovery  of  a  scientific  law  affords  a  sufficient  account  of  the  occurrence  of  natural 
phenomena;  and  that  the  notion  of  the  personal  agency  of  the  Deity  in  their  production  is 
itierelore,  an  unwarrantable  assumption.  ' 
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water,  with  the  organized  structure  of  the  seed  itself,  and  the  organic 
compounds  which  are  stored  up  in  its  substance,  constitute  the  material. 

A  strictly  scientific  inquiry,  then,  must  recognize  Dynamical  agency,  as 
well  as  Material  condition ;  and  it  will  be  found  that  this  is  peculiarly 
requisite  in  the  Science  of  Life,  which  has  been  pursued  by  some  as  if  it 
were  a  sufficient  account  of  every  phenomenon  not  otherwise  explicable, 
to  i-efer  it  to  a  "  vital  principle ; "  whilst  others  have  endeavoured  to 
reduce  all  Physiological  causation  to  a  set  of  material  conditions,  main- 
taining that  Life  entirely  depends  on  "  organization,"  and  that  the  hypo- 
thesis of  a  vital  principle  is  consequently  unnecessary  and  nnphilosophical. 
Others,  again,  who  have  recognized  the  opex-ation  of  Physical  and  Chemical 
agencies  in  the  living  body,  have  maintained  that  all  Vital  action  is  but  a 
peculiai'  manifestation  of  heat,  mechanical  powei',  chemical  affinity,  and 
the  like ;  and  have  thus  attempted  to  break  down  the  barrier  between 
the  Organized  and  the  Tnorganic  creation.  The  Author  has  elsewhere  * 
endeavoured  to  show,  that  we  have  evidence  of  the  operation  of  a  poiver 
in  the  living  body,  whose  manifestations  are  so  diffei'ent  from  those  of  any 
of  the  Physical  Forces,  that  we  cannot  reasonably  refrain  from  giving  it  a 
distinctive  designation ;  and  that  this  "Vital  Power"  may  exert  itself  in 
a  gi'eat  variety  of  modes,  and  may  consequently  produce  a  great  variety 
of  phenomena,  according  to  the  material  conditions  of  its  operation, — just 
as  (though  the  comparison  be  somewhat  clumsy)  the  mechanical,  power 
which  turns  the  engine-shaft  in  an  extensive  factory,  is  rendered  efficient 
for  an  immense  variety  of  piii'poses,  according  to  the  construction  and 
arrangement  of  the  several  machines  through  which  it  is  distributed.  And 
further,  he  has  attemjited  to  prove,  that  the  soiu'ce  of  this  Vital  Power 
is  to  be  found,  not  in  the  organization  of  the  being  itself,  but  in  the  forces 
which  operate  upon  it  ah  externo;  and  that  it  has  the  same  close  and 
intimate  relation  with  the  Heat,  Electricity,  Chemical  Affinity,  and  other 
agencies  of  the  Inorganic  world,  which  they  have  been  proved  to  have  with 
each  other : — so  that,  just  as  Heat  acting  upon  water  generates  Mechanical 
force,  or  when  applied  to  a  certain  combination  of  metals  excites  Elec- 
tricity, so,  when  brought  to  bear  upon  a  toi-pid  animal  or  upon  a  seed 
(in  which  the  material  conditions  of  this  activity  are  jjresent),  it  manifests 
itself  as  Vital  Force,  and  is  the  immediate  dynamical  condition  of  the 
phenomena  of  growth,  develoj)ment,  &c. 

But  further,  the  term  Cause  has  a  Theological  as  well  as  a  Scientific 
sense ;  and,  like  the  two  usages  of  the  term  Law,  these  two  acceptations 
are  perfectly  harmonious,  although  in  themselves  dififerent.  When  in 
scientific  inquiry  we  have  traced  a  multitude  of  complex  phenomena  up  to 

*  See  his  Memoir  "  On  the  Mutual  Relations  of  the  Vital  and  Phj^sical  Forces,"  in  the 
Philosophical  Transactions  for  1850. 
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a  single  force,  and  have  shown  that  their  variety  is  due  only  to  the  diversity 
of  the  conditions  under  which  that  force  is  operating,  we  still  have  to 
ascertain  the  source  of  this  force ;  and  it  is  no  sufficient  account  of  it  to 
show  that  it  is  but  a  metamorphosed  form  of  some  other  force.  We  may 
even  be  led  by  Science  to  look  upon  all  the  phenomena  of  the  Universe  as 
the  results  of  the  operation  of  a  single  dynamical  agent,  varied  'in  the 
modes  of  its  manifestation  according  to  the  nature  of  the  mechanism  (so  to 
speak)  which  it  puts  in  action.  The  existence  of  this  force,  causa  causarum, 
still  remains  unaccounted  for;  but  at  this  point  Physical  Science  ends, 
and  the  question  becomes  one  of  an  entirely  different  order.  The  inquiring 
mind  cannot  stop  here ;  and  if  it  seek  a  solution  in  its  own  experience, 
it  is  led  by  the  consciousness  that  by  its  own  volition  it  can  give  rise  to  a 
force  which  is  capable  of  operating  upon  the  material  world,  to  look  to  an 
Intelligent  Will  as  the  idtimate  spring  of  all  those  changes  for  which  it 
can  find  no  other  source,  and  to  regard  the  Forces  of  the  Universe  in  general 
as  so  many  modes  of  operation  of  the  one  Omnipotent  and  Omnipresent 
Mind. — Viewed  under  this  aspect,  therefore,  all  the  phenomena  of  Nature 
which  have  not  their  origin  in  the  mental  power  of  subordinate  beings, 
must  be  considered  as  the  immediate  exponents  of  the  Will  of  the  Creator ; 
and  thus  again  we  are  led  to  regard  their  so-called  "  Laws,"  as  but  Man's 
exj)ression  of  the  conditions  under  which  the  Divine  Power  appears  con- 
tinually operative  in  producing  them. 

In  a  pm-ely  Scientific  Treatise,  however,  it  is  in  the  scientific  sense  alone 
that  the  terms  "  Cause  "  and  "  Law  "  are  to  be  understood ;  and  wherever 
they  occur  in  the  following  work,  therefore,  the  Author  would  imply  by 
the  former  the  exercise  of  a  force  or  poioer,  Physical  or  Vital,  operating 
under  certain  definite  material  conditions ;  whilst  by  the  latter  he  would 
designate  eveiy  such  general  exponents  of  those  conditions  under  which 
a  force  operates,  as  may  enable  the  results  to  be  determined  before-hand. 
Thus  the  Law  of  Gravitation  defines  in  general  terms  that  constant  rela- 
tion between  the  bulk  and  the  distance  of  masses  of  matter,  on  the  one 
hand,  and  the  amount  of  force  which  is  develoj)ed  by  their  mutual  attrac- 
tion, on  the  other,  which  enables  us,  by  an  acquaintance  with  the  par- 
ticulars of  the  former,  to  predicate  those  of  the  latter.  And  the  Law  of 
Definite  Proportions  expresses  in  general  terms  that  relation  between  the 
"  combining  equivalents "  of  different  substances,  which  enables  us,  when 
we  apply  it  to  particulars,  to  determine  precisely  how  much  of  a  compoimd 
substance  will  be  decomposed  by  the  force  of  Chemical  attraction,  which 
a  given  amount  of  another  substance  may  exert  upon  one  of  its  compo- 
nents, and  what  will  be  the  natiu-e  and  constitution  of  the  product. 

In  order  to  determine  the  most  general  laws  of  Physiological  Science, 
a  veiy  extensive  comparison  is  requisite.    Principles,  which  might  seem. 
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of  paramount  importance  in  regard  to  one  group  of  living  beings,  are  often 
found,  on  a  more  extended  review,  to  be  quite  subordinate.  For  example, 
the  predominance  of  the  Nervous  System  in  the  higher  classes  of  Animals, 
and  its  evidently -close  connection  with  many  of  the  functions  of  life,  has 
led  several  Physiologists  to  the  opinion,  that  its  influence  is  essential  to  the 
performance  of  the  functions  of  Nutrition,  Secretion,  &c. ;  but,  on  turning 
our  attention  to  the  Vegetable  kingdom,  in  which  nothing  analogous  to 
a  nervous  system  can  be  jjroved  to  exist,  we  find  these  functions  going  oh 
with  even  gi-eater  activity  than  in  animals.  It  is  cleai',  therefore,  they  may 
be  peiformed  without  it;  and,  on  a  closer  examination  of  the  phenomena 
presented  by  Animals,  it  is  seen  that  these  may  be  explained  better,  on 
the  principle  that  the  nervous  system  has  a  powerfid  influence  on  such 
actions,  than  on  the  idea  that  it  affords  a  condition  essential  to  them. 
Recent  inquiries  have  shown,  that  the  agents  immediately  concerned  in 
these  operations  ai'e  of  the  same  nature  in  both  kingdoms ;  the  separation 
of  the  nutrient  materials  fi'om  the  circulating  fluid,  or  the  elimination  of 
substances  which  are  to  be  withdrawn  from  it,  being  jDerformed  in  the 
Animal,  as  in  the  Plant,  by  cells,  in  the  manner  to  be  explained  hereafter. 
— This  is  only  one  out  of  many  instances,  which  it  would  be  easy  to 
adduce,  in  proof  of  the  necessity  of  bringing  together  all  the  phenomena 
of  the  same  kind,  in  whatever  class  of  living  beings  they  may  be  presented, 
befoi'c  we  attempt  to  erect  any  general  principles  in  Physiology. 

The  object  of  the  present  treatise,  however,  is  not  to  follow  out  such  an 
investigation,  which  has  been  pursued,  as  fully  as  his  limits  would  allow, 
in  the  Author's  "  Principles  of  Physiology,  General  and  Comparative : " 
but  to  show  the  detailed  application  of  the  principles  of  which  Physiologi- 
cal science  may  now  be  said  to  consist,  to  the  phenomena  exhibited  by  the 
Human  organism,  dming  the  continuance  of  health  or  normal  life.  These 
phenomena,  when  they  occm-  in  a  distui'bed  or  in-egular  manner,  constitute 
disease  or  abnormal  life;  and  become  the  subjects  of  the  science  of  Patho- 
logy. It  is  impossible  to  draw  a  precise  line  of  demarcation  between  the 
states  of  health  and  disease ;  since  many  variations  occur,  which  do  not  pass 
the  limits  of  what  must  be  called  in  some  individuals  the  normal  state,  but 
which  must  be  regarded  as  decidedly  abnormal  conditions  in  others.  The 
sciences  of  Physiology  and  Pathology,  therefore,  are  very  closely  related ; 
and  neither  can  be  pursued  with  the  highest  prospect  of  success,  except  in 
connection  with  the  other.  It  is  now  coming  to  be  generally  felt,  that  our 
fundamental  ideas  of  healthy  vital  action  must  rest  on  the  knowledge  of  the 
structure,  composition,  and  j)roperties  of  the  minutest  portions  of  the 
fabric;  and  in  like  manner,  our  fundamental  notions  of  the  changes  in 
which  disease  essentially  consists,  are  coming  to  rest  more  and  more  upon 
the  detection  of  the  perversions  which  the  actions  of  these  pai'ts  undergo, 
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and  of  the  minute  alterations  of  structure  and  composition  which  they 
involve.  It  is,  in  fact,  in  the  detection  of  those  first  dejmrtttres  from  the 
normal  actions  which  frequently  constitute  the  essence  of  a  disease,  and  in 
the  determination  of  the  causes  to  whose  operation  they  are  referable,  that 
Medical  Science  is  at  present  making  the  greatest  progress ;  and  it  would 
not  be  diflBcult  to  show,  that  this  progress  is  intimately  connected  with  the 
advance  of  Physiology.  To  say  that  it  is  impossible  to  interpret  the 
phenomena  of  disease  with  any  probability  of  correctness,  impossible  to 
apply  remedies  with  a  reasonable  expectation  of  success,  —  impossible, 
therefore,  to  practise  the  healing  art  as  it  ought  to  be  practised, — unless 
we  are  acquainted  with  the  normal  or  healthy  action  of  the  system,  might 
seem  a  tinism ;  and  yet,  however  self-evident  the  truth  of  the  assertion,  it 
is  very  far  from  having  the  weight  which  it  ought  to  possess.  The  phe- 
nomena of  Disease  have  been  isolated  from  those  of  Health,  as  if  they 
belonged  to  quite  a  distinct  category,  and  were  dependent  upon  a  set  of 
causes  altogether  dissimilar.  It  has  been  too  much  lost  sight  of,  that 
every  diseased  action  is  but  a  peiwersion,  by  excess,  by  diminution,  or  by 
deiyramtion,  of  some  natural  function ;  and  that  only  through  an  acquaint- 
ance with  the  latter  can  the  former  be  understood  (otherwise  than  in  a 
merely  empirical  fashion),  either  as  to  its  cause,  its  nature,  or  its  tenden- 
cies. It  has  been  assumed  by  some  Pathologists,  that  Physiology  ought 
to  furnish  a  set  of  direct  rules  for  the  treatment  of  disease;  and,  as  it 
cannot  rightly  profess  to  furnish  these,  it  has  been  set  down  by  others  as 
having  no  practical  value  whatever.  Whereas  the  real  Medical  Philoso- 
pher rather  looks  to  Physiology  as  affording  guidance  in  the  pursuit  of 
those  rules,  by  furnishing  a  clue  to  his  interpretation  of  symptoms,  by 
pointing  out  the  direction  in  which  he  may  look  for  remedies,  and  by 
letting  in,  here  and  there,  a  beam  of  light  that  shall  guide  him  through 
the  intricacies  of  his  search.  In  fact,  it  is  with  this  constant  but  unobtru- 
sive assistance  from  Physiology,  that  the  Pathologist  advances  in  his 
career  of  research;  and  hence  it  is  ju^t  where  our  Physiological  know- 
ledge is  most  precise,  and  its  generalizations  most  comprehensive,  that 
our  Pathological  information  is  most  advanced  and  most  fruitful  in 
practical  results. 

It  may  be  taken,  indeed,  as  a  general  fact,  that  those  Arts,  or  collections 
of  rules  for  a  given  purpose,  are  the  most  perfect  in  their  application, 
which  are  built  upon  the  most  secure  foundation  in  Science.  "  It  is 
the  office  of  science,"  says  Bacon,  "to  shorten  the  long  turnings  and 
windings  of  experience;"  and  in  proportion  as  Medical  Science  becomes 
so  perfect,  that  it  can  not  only  say  what  is,  or  what  liam^ns,  in  the  human 
body,  in  the  state  of  health  or  disease,  but  also  what  will  happen  when 
the  conditions  are  altered,  in  that  proportion,  it  is  evident,  will  it  bo 
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possible  to  frame  rales  or  directions  for  conduct, — expressing  "  do  this," 
"avoid  that," — fr'om  the  practice  of  which  a  certain  result  may  be  ])i-edicted. 
And  if,  at  the  present  time,  there  should  be  more  doubt  than  perhaps  ever 
previously  existed  in  the  minds  of  the  Profession  at  lax'ge,  with  regard  to 
the  efficacy  of  many  plans  of  medical  treatment,  in  spite  of  the  strong 
testimony  as  to  their  value  which  has  been  traditionally  handed  down,  it 
is  because,  for  the  most  part,  the  confidence  which  has  been  felt  in  them 
has  rested  upon  too  narrow  a  foundation  of  imperfectly-scratinized 
experience,  and  a  definite  scientific  rationale  has  been  either  found  want- 
ing altogether,  or,  if  it  had  a  supposed  existence,  has  been  shown  to  have 
been  fallacious.  But,  on  the  other  hand,  whilst  many  time-honom-ed 
traditions  have  thus  been  overthrown,  new  doctrines  have  been  advanced 
with  all  that  assurance  of  value  which  is  afforded  by  the  clear  and  positive 
direction  which  Science  affords;  and  to  these  the  intelligent  practitioner 
will  attach  himself  as  his  securest  guides,  confident  that,  even  if  the 
practice  they  inculcate  may  not  lead  him  to  the  success  he  desu'es,  they 
will  not  antagonize  the  efforts  which  Natm-e  may  be  making  to  efiect  a 
cure  in  her  own  way. 

Whilst  it  wiU  be  the  sjDecial  object  of  the  following  Treatise,  therefore, 
to  show  in  what  that  normal  activity  of  the  human  body,  which  we  call 
Health,  consists,  and  to  explain  the  conditions  upon  which  its  continu- 
ance is  dependent,  the  reader's  attention  will  be  directed  fr'om  time  to 
time  to  the  practical  rules  which  arise  out  of  the  application  of  Physio- 
logical Science  to  the  Art  of  Hygiene ;  and  in  like  manner,  when  speaking 
of  the  most  frequent  of  those  perversions  of  normal  activity,  in  which 
Disease  consists,  some  of  the  most  important  of  those  principles  of  treat- 
ment will  be  laid  down,  which  constitute  the  application  of  Pathological 
Science  to  the  Art  of  Therapeutics. 

In  proportion  as  the  treatment  of  disease  shall  be  thus  withdrawn  from 
the  domain  of  empiricism,  and  be  founded  on  scientific  principles,  in  that 
proportion  will  the  Medical  Profession  acquire  that  dignified  confidence  in 
itself,  which  shall  keep  it  steady  to  its  high  and  noble  aims ;  and  will  attain 
that  general  estimation,  which  will  be  freely  accorded  to  its  enlightened 
and  disinterested  pursuit  of  them. 
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CHAPTER  I. 

OF  THE  DISTINCTIVE  CHARACTERISTICS  OF  MAN. 

1.  By  Olivier  and  nearly  all  modern  Zoologists,  the  various  races 
of  Mankind  are  included  under  one  genus,  Homo;  and  this  genus  takes 
rank,  in  the  classification  of  Mammalia,  as  a  distinct  order,  Bimana, 
of  which  it  is  the  sole  representative.    Of  all  the  characters  which  dis- 
tinguish Man  from  the  inferior  Mammalia,  the  possession  of  tivo  hands  is 
doubtless  the  most  easily  recognized,  and  at  the  same  time  the  most 
intimately  related  to  the  general  organization  of  the  body ;  and  there  is 
none,  therefore,  which  could  be  more  appro]3riately  selected  as  the  basis 
of  a  distinctive  designation  of  this  order.    At  first  sight  it  might  be 
considered  that  the  possession  of  only  tivo  hands,  whilst  Apes  and 
Monkeys  and  their  allies  are  designated  as  possessing  four,  is  a  character 
of  inferiority;  but  such  is  not  really  the  case;  for  none  of  these  four 
hands  are  adapted  to  the  variety  of  actions  of  which  those  of  man  are 
capable,  and  they  are  all  in  some  degxee  required  for  support;  so  that 
whilst  in  the  higher  forms  of  the  Qiiadrumanous  order,  the  extremities 
present  a  certain  approximation  in  structure  to  those  of  Man,  in  the 
lower  they  gradually  assimilate  to  the  ordinary  quadrupedal  type. 
"  That,"  says  Cuvier,  "  which  constitutes  the  hand,  properly  so  called, 
is  the  faculty  of  opposing  the  thumb  to  the  other  fingers,  so  as  to  seize 
upon  the  most  minute  objects;  a  faculty  which  is  carried  to  its  highest 
degree  of  perfection  in  Man,  in  whom  the  whole  anterior  extremity  is 
free,  and  can  be  employed  in  prehension."    The  peculiar  prehensile 
power  possessed  by  Man  is  chiefly  dependent  upon  the  size  and  power 
of  the  thumb ;  which  is  more  developed  in  Man,  than  it  is  in  the  highest 
apes.    The  thumb  of  the  human  hand  can  be  brought  into  exact  opjjo- 
sition  to  the  extremities  of  all  the  fingers,  whether  singly  or  in  com- 
bination; whilst  in  those  Quadriimana  which  most  nearly  approach 
Man,  the  thumb  is  so  short,  and  the  fingers  so  much  elongated,  that 
their  tips  can  scarcely  be  brought  into  opposition;  and  the  thumb  and 
fingers  are  so  weak,  that  they  can  never  be  opposed  to  each  other  with 
any  degi-ee  of  force.    Hence,  although  admirably  adapted  for  clinging 
round  bodies  of  a  certain  size,  such  as  the  small  branches  of  trees,  &c., 
the  extremities  of  the  Quadrumana  can  neither  seize  very  minute  objects 
with  such  precision,  nor  support  large  ones  with  such  firmness,  as  are 
essential  to  the  dexterous  performance  of  a  variety  of  operations,  for 
which  the  hand  of  Man  is  admirably  adapted.    There  is  much  truth, 
then,  in  Sir  0.  Bell's  remark,  that  "  we  ought  to  define  the  hand  as 
belonging  exclusively  to  man."    There  is  in  him,  what  we  observe  in  none 
of  the  Mammalia  which  approach  him  in  other  respects,  a  complete 
distinction  in  the  fimctional  character  of  the  anterior  and  posterior 
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extremities;  the  former  being  adapted  for  prehension  alone,  and  the 
latter  for  support  and  progression  alone;  and  thus  each  function  is 
performed  in  a  much  higher  degree  of  perfection,  than  it  can  be  when 
two  such  opposite  purposes  have  to  be  united.  For  not  only  is  the  hand 
of  Man  a  much  more  perfect  prehensile  instrument  than  that  of  the 
Orang  or  Chimpanzee,  but  his  foot  is  a  mucli  more  perfect  organ  of 
support  and  progression  than  theirs,  being  adapted  to  maintain  his  body 
in  an  erect  position,  alike  during  rest  and  whilst  in  motion, — an  attitude 
which  even  the  most  anthropoid  apes  can  only  sustain  for  a  short  time, 
and  witli  an  obvious  effort.  The  arm  of  the  higher  apes  has  as  wide  a 
range  of  motion  as  tliat  of  Man,  so  far  as  its  articulation  is  concerned; 
but  it  is  only  when  the  animal  is  in  the  erect  attitude,  that  the  limb  can 
have  free  play.  Thus  the  structure  of  the  whole  frame  must  be  conform- 
able to  that  of  the  hand,  in  the  way  that  we  find  it  to  be  in  Man,  in  order 
that  this  organ  may  be  advantageously  applied  to  the  pui-poses  which  it  is 
adapted  to  perform.  But  it  cannot  be  said  with  truth  (as  some  have 
maintained)  that  Man  owes  his  superiority  to  his  hand  alone ;  for  without 
the  mind  by  which  it  is  directed,  and  the  senses  by  which  its  operations 
are  guided,  it  would  be  a  compai'atively  valueless  instrument.  Man's 
elevated  position  is  due  to  the  superiority  of  his  mind  and  of  its  material 
instruments  conjointly;  for  if  destitute  of  either,  the  human  race  must  be 
speedily  extinguished  altogether,  or  reduced  to  a  very  subordinate  grade 
of  existence. 

2.  Tlie  next  series  of  chai'actei's  to  be  considered,  are  those  by  which 
Man  is  adapted  to  the  erect  attitude. — On  examining  his  cranium,  we 
remark  that  the  occipital  condyles  are  so  placed,  that  a  pei-pendicular 
dropped  from  the  centre  of  gi'avity  of  the  head  would  nearly  fall  between 
them,  so  as  to  be  within  the  base  on  which  it  rests  upon  the  spinal 
column.  The  fox'amen  magnum  is  not  placed  in  the  centre  of  the  base  of 
the  skull,  but  just  behind  it;  so  that  the  gi'eater  specific  gravity  of  the 
posterior  part  of  the  head,  which  is  entirely  filled  with  solid  matter,  is 
compensated  by  the  greater  length  of  the  anterior  part,  which  contains 
many  cavities.  There  is,  indeed,  a  little  over-compensation,  which  gives 
a  slight  preponderance  to  the  front  of  the  head,  so  that  it  drops  forwards 
and  downwai'ds,  w'hen  all  the  muscles  are  relaxed ;  but  the  muscles  which 
ai-e  attached  to  the  back  of  the  head  ai-e  far  larger  and  more  numerous 
than  those  in  front  of  the  condyles,  so  that  they  are  evidently  intended 
to  counteract  this  disposition ;  and  we  find,  accordingly,  that  we  can  keep 
up  the  head  for  the  whole  day,  with  so  shght  and  involuntary  an  effort, 
that  no  fatigue  is  produced  by  it.  Moreover,  the  plane  of  the  foramen 
magmim,  and  the  surfaces  of  the  condyles,  have  a  nearly  horizontal 
direction  when  the  head  is  upright;  and  thus  the  weight  of  the  skull 
is  laid  vertically  upon  the  top  of  the  vertebral  column.  If  these  arrange- 
ments be  compared  with  those  which  prevail  in  other  Mammalia,  it  will 
be  found  that  the  foramen  and  condyles  are  placed  in  the  latter  much 
nearer  the  back  of  the  head,  and  that  their  plane  is  more  oblique.  Tluis, 
whilst  the  foramen  magnum  is  situated,  in  Man,  just  behind  the  centre 
of  the  base  of  the  skull,  it  is  found,  in  the  Chimpanzee  and  Orang  Outan, 
to  occupy  the  middle  of  the  posterior  third  (Fig.  1);  and,  as  we  descend 
through  the  scale  of  Mammalia,  we  obsei-ve  that  it  gradually  approaches 
the  back  of  the  skidl,  and  at  last  comes  nearly  into  the  line  of  its  longest 
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diameter,  as  we  see  in  the  Horse.  Again,  in  all  Mammalia  except  Man, 
the  plane  of  the  condyles  is  oblique,  so  that,  even  if  the  head  were  equally 
balanced  upon  them,  the  force  of  gravity  would  tend  to  carry  it  forwards 


Fig.  I. 


View  of  the  base  of  the  skull  of  Man,  compared  with  that  of  the  Orang  Outan, 

and  do^NTiwards :  in  Man,  the  angle  which  they  make  with  the  horizon 
is  very  small;  in  the  Orang  Outan,  it  is  as  much  as  37°;  and  in  the 
Horse,  their  plane  is  vertical,  making  the  angle  90°.  If,  therefore,  the 
natural  posture  of  Man  were  horizontal,  the  plane  of  his  condyles  would 
be  brought,  like  that  of  the  Horse,  into  the  vertical  position ;  and  the  head, 
instead  of  being  nearly  balanced  on  the  summit  of  the  vertebral  column, 
would  hang  at  the  end  of  the  neck,  so  that  its  whole  weight  would  have 
to  be  supported  by  some  external  and  constantly-acting  power.  But  for 
this,  there  is  neither  in  the  skeleton,  the  ligamentous  apparatus,  nor  the 
muscular  system  of  Man,  any  adequate  provision;  so  that  in  any  other 
than  the  vertical  position,  his  head,  which  is  relatively  heavier  than  that 
of  most  Mammalia,  would  be  supported  with  more  difficulty  and  effort 
than  it  is  in  any  other  animal. 

3.  The  position  of  the  face  immediately  beneath  the  brain,  so  that  its 
front  is  nearly  in  the  same  plane  as  the  forehead,  is  peculiarly  charac- 
teristic of  Man ;  for  the  crania  of  the  Chimpanzee  and  Orang,  which 
approach  nearest  to  that  of  Man,  are  entirely  posterior  to,  and  not  above, 
the  face.  It  should  be  remarked  that,  in  the  young  Ape,  there  is  a  much 
greater  resemblance  to  Man  in  this  respect,  than  there  is  in  the  adult; 
for  it  is  at  the  time  of  the  second  dentition,  that  the  muzzle  of  the  Ape 
acquires  its  peculiar  elongation,  and  consequent  projection  in  front  of  the 
forehead  (Fig.  1);  and  the  whole  cast  of  the  featiu-es  is  altered  at  the 
same  time,  so  that  it  approaches  much  more  to  that  of  the  lower  Qua- 
drumana,  than  would  be  sui)poscd  from  observation  of  tlie  young  animal 
only.*    This  increased  projection  of  the  muzzle,  taken  in  connection  with 

*  None  but  young  specimens  of  the  Chimpanzee  and  Orang  Outan  liavc  ever  been 
brought  alive  to  this  country;  and  they  Iiave  never  long  survived  the  period  of  their  second 
dentition. 
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the  obliquity  of  the  condyles,  is  another  evidence  of  want  of  perfect  adap- 
tation to  the  erect  posture ;  whilst  the  absence  of  prominence  in  the  face 
of  Man  shows  that  none  but  the  erect  position  can  be  natural  to  him. 
For  supposing  that,  with  a  head  formed  and  situated  as  at  present, 
he  were  to  move  on  all-fours,  his  face  would  be  brought  into  a  plane 
parallel  with  the  ground;  so  that  as  painful  an  effort  would  be  required, 
to  examine  with  the  eyes  an  object  placed  in  front  of  the  body,  as  is  now 
necessaiy  to  keep  the  eyes  fixed  on  the  zenith ;  the  nose  would  then  be 
incapacitated  for  receiving  any  other  odorous  emanations,  than  those 
proceeding  from  the  eai-th  or  from  the  body  itself ;  and  the  mouth  could 
not  touch  the  ground,  without  bringing  the  forehead  and  chin  also  into 
contact  with  it.  The  oblique  position  of  the  condyles  in  the  Quadru- 
mana  enables  them,  without  much  difficulty,  to  adapt  the  inclination  of 
their  heads  to  the  horizontal  or  to  the  erect  posture;  but  the  natm-al 
position,  in  the  highest  among  them,  is  unquestionably  one  in  which  the 
spinal  column  is  inclined,  the  body  being  partially  thrown  forwai'ds,  so  as 
to  rest  upon  the  anterior  extremities;  and  in  this  position,  the  face  is 
directed  forwards  without  any  effort,  owing  to  the  mode  in  which  the 
head  is  obliquely  articulated  with  the  spine. 

4.  The  vertebml  coluvm  in  Man,  although  not  absolutely  straight,  has 
its  curves  so  arranged,  that,  when  the  body  is  in  an  erect  postm-e,  a  vertical 
line  from  its  summit  would  fall  exactly  on  the  centre  of  its  base.  It 
increases  considerably  in  size  in  the  lumbar  region,  so  as  to  be  altogether 
somewhat  pyramidal  in  form.  The  lumbar  portion,  in  the  Chimpanzee 
and  Orang,  is  not  of  the  same  proportional  strength;  and  contains  but 
■I  fom'  vertelorte,  instead  of  five.  The  processes  for  the  attachment  of  the 
dorso-spinal  muscles  to  this  part,  are  peculiarly  lai'ge  and  strong  in  Man; 
and  this  arrangement  is  obviously  adapted  to  overcome  the  tendency, 
which  the  weight  of  the  viscera  in  front  of  the  column  would  have,  to 
draw  it  forwai'ds  and  downwards.  On  the  other  hand,  the  spinous  pro- 
cesses of  the  cervical  and  dorsal  vertebrae,  which  are  in  other  Mammalia 
large  and  strong,  for  the  attachment  of  the  ligaments  and  muscles  that 
support  the  head,  have  comparatively  little  prominence  in  Man,  his  head 
being  nearly  balanced  on  the  top  of  the  column. — The  base  of  the  human 
vertebral  column  is  placed  on  a  sacrum  of  greater  proportional  breadth, 
than  that  of  any  other  animal;  this  sacrum  is  fixed  between  two  widely 
expanded  ilia ;  and  the  whole  pelvis  is  thus  peculiarly  broad.  In  this 
manner,  the  femoral  articulations  are  thrown  very  far  apart,  so  as  to  give 
a  wide  basis  of  support ;  and  by  the  oblique  direction  of  the  pelvis, 
the  weight  of  the  body  is  transmitted  almost  vertically  from  the  top  of 
the  sacrum  to  the  upper  part  of  the  thigh-bones.  The  pelvis  of  the 
anthropoid  Apes  is  very  differently  constructed;  as  will  be  seen  in  the 
adjoining  Plate,  in  which  the  skeleton  of  the  Orang  is  placed  in  proximity 
with  that  of  Man.  It  is  much  larger  and  narrower;  its  also  extend 
upwards  rather  than  outwards,  so  that  the  space  between  the  lowest  ribs 
and  the  crest  of  the  iliac  bones  is  much  less  than  in  Man ;  their  surfjices 
are  near  ly  parallel  to  that  of  the  sacrum,  which  is  itself  longer  and 
narrower ;  and  the  axis  of  the  pelvis  is  nearly  parallel  with  that  of  the 
vertebral  column.  The  position  of  the  human  femur,  in  which  its  head 
is  most  securely  retained  in  its  deep  acetabulum,  is  that  which  it  has, 
when  supporting  the  body  in  the  erect  attitude ;  in  the  Chimpanzee  and 
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Orang,  its  analogous  position  is  an  oblique  angle  to  the  long  axis  of  the 
pelvis,  so  that  the  body  leans  forwards  in  front  of  it;  in  many  Mammalia, 
as 'in  the  Elephant,  it  forms  nearly  a  right  angle  with  the  vertebral 
column ;  and  in  several  others,  as  the  Horse,  Ox,  &c.  the  angle  which  it 
makes  with  the  axis  of  the  pelvis  and  vertebral  column  is  acute.  In  this 
respect,  then,  the  skeleton  of  Man  pi-esents  an  adaptation  to  the  erect 
posture,  which  is  exhibited  by  that  of  no  other  Mammal. 

5.  The  loioer  extremities  of  Man  are  remarkable  for  their  length; 
which  is  proportionably  greater  than  that  which  we  find  in  any  other 
Mammalia,  except  the  Kangaroo  tribe.    The  chief  difference  in  their 
proportional  length,  between  Man  and  the  semi-erect  Apes,  is  seen  in  the 
thigh;  and  it  is  from  the  relative  length  of  this  part  in  him,  as  well  as 
from  the  compai'ative  shortness  of  his  anterior  extremities,  that  his  hands 
only  reach  the  middle  of  his  thighs,  whilst  in  the  Chimpanzee  they  hang- 
on  a  level  with  the  knees,  and  in  the  Orang  they  descend  to  the  ankles. 
The  Human  femur  is  distinguished  by  its  form  and  position,  as  well  as 
by  its  leng-th.    The  obliquity  and  length  of  its  neck  still  further  increase 
the  breadth  of  the  hips;  whilst  they  cause  the  lower  extremities  of  the 
femora  to  be  somewhat  obliquely  directed  towards  each  other,  so  that  the 
knees  are  brought  more  into  the  line  of  the  axis  of  the  body.  This 
arrangement  is  obviously  of  gxeat  use  in  facilitating  the  purely  hiped 
progression  of  Man,  in  which  the  entire  weight  of  the  body  has  to  be 
alternately  supported  on  each  limb;  for  if  the  knees  had  been  kept 
further  apart,  the  whole  body  must  have  been  swung  from  side  to  side  at 
each  step,  so  as  to.  bring  the  centre  of  gravity  over  the  top  of  each  tibia ; 
as  is  seen,  to  a  certain  extent  in  the  female  sex,  whose  walk,  owing  to  the 
gi'eater  breadth  of  the  pelvis  and  the  separation  between  the  knees,  is  less 
steady  than  that  of  the  male.^ — There  is  a  very  marked  contrast  between 
the  knee-joint  of  Man,  and  that  even  of  the  highest  Apes.    In  the  former, 
the  opposed  extremities  of  the  femm-  and  the  tibia  are  expanded,  so  as  to 
present  a  very  broad  articulating  surface ;  and  the  internal  condyle  of  the 
femiu"  being  the  longer  of  the  two,  they  are  in  the  same  horizontal  plane 
in  the  usual  oblique  position  of  that  bone;  so  that  by  this  arrangement, 
the  whole  weight  of  the  body,  in  its  erect  posture,  falls  vertically  on  the 
top  of  the  tibia,  when  the  joint  is  in  the  firmest  position  in  which  it  can 
be  placed.    The  knee-joint  of  the  Orang,  on  the  other  hand,  is  compara- 
tively deficient  in  extent  of  articulating  surface;  and  its  whole  conforma- 
tion indicates  that  it  is  not  intended  to  serve  as  more  than  a  ]3artial 
support. — The  Human  foot  is,  in  proportion  to  the  size  of  the  whole  body, 
larger,  broader,  and  stronger,  than  that  of  any  other  Mammal  save  the 
Kangaroo.    Its  plane  is  directed  at  right  angles  to  that  of  the  leg;  and 
its  sole  is  concave,  so  tliat  the  weight  of  the  body  falls  on  the  summit  of 
an  arch,  of  which  the  os  calcis  and  the  metatarsal  bones  form  the  two 
points  of  support.    This  arched  form  of  the  foot,  and  the  natural  contact 
of  the  OS  calcis  with  the  ground,  are  peculiar  to  Man  alone.    All  the 
Apes  have  the  os  calcis  small,  straight,  and  more  or  less  raised  from  the 
gi'ound;  which  they  touch,  when  standing  erect,  with  the  outer  side  only 
<   of  the  foot :  whilst  in  animals  more  remote  from  Man,  the  os  calcis  is 
brought  still  more  into  the  line  of  the  tibia;  and  the  foot  being  more  elon- 
gated and  narrowed,  only  the  extremities  of  the  toes  come  in  contact  with 
the  ground.    Hence  Man  is  the  only  species  of  Mammal,  which  can  stand 
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upon  one  leg.  All  the  points  in  which  the  feet  of  the  anthropoid  Apes 
differ  from  his,  are  such  as  assimilate  them  to  the  manual  type  of  con- 
formation, and  enable  them  to  ser^^e  as  more  efficient  prehensile  organs; 
-whilst  they  diminish  their  capacity  to  sustain  the  weight  of  the  body, 
when  it  simply  rests  upon  them. 

6,  There  is  a  considerable  difference  in  the  form  of  the  trunh,  between 
Man  and  most  other  Mammalia ;  for  his  thorax  is  expanded  laterally, 
and  flattened  in  front,  so  as  to  prevent  the  centre  of  gravity  from  being 
carried  too  far  forwards ;  and  his  sternum  is  short  and  broad.  Between 
the  bony  waUs  of  the  thorax  and  the  margin  of  the  pelvis,  a  considerable 
space  intervenes,  which  is  occupied  solely  by  muscles  and  tegximentaiy 
membranes ;  and  these  would  be  quite  insufficient  to  sustain  the  weight 
of  the  viscera,  if  the  habitual  position  of  the  trunk  had  been  horizontal. — 
In  these  particulars,  however,  the  most  anthropoid  Apes  agree  more  or 
less  completely  with  Man. 

7.  Eeturning  now  to  the  skull  for  a  more  minute  examination,  we 
observe  that  the  cranium  of  Man  is  disting-uished  from  that  of  the 
anthropoid  Apes,  not  merely  by  its  gi*eat  capacity,  but  also  by  its 
smoothness ;  its  surface  being  almost  entirely  deficient  in  those  ridges  for 
the  attachment  of  muscles,  which  are  I'emarkably  strong  both  in  the 
Cliimpanzee  and  Orang,  and  which  impai-t  to  its  configm-ation  somewhat 
of  a  carnivorous  character.    This  aspect  is  strengthened  by  the  gi'eat 
depth  of  the  temporal  fossa,  and  by  the  extent  and  strength  of  the 
zygomatic  arch;  features  that  are  most  remarkably  developed  in  the 
Troglodytes^  gorilla,  a  newly-discovered  species  of  Chimpanzee,  which  is 
regarded  by  Prof  Owen  as  presenting  on  the  whole  the  nearest  approach 
to  the  human  type.    Moreover,  the  jaws  in  even  the  most  degi-aded  races 
of  Man  project  far  less  from  the  general  plane  of  the  flice,  than  they  do 
in  the  Apes ;  and  his  teeth  are  arranged  in  a  continuous  series,  without 
any  hiatus  or  any  considerable  diflFerence  in  length,  whilst  all  the  Ajdcs,  . 
in  their  adult  state  at  least,  are  fuiiiished  with  canine  teeth  of  extra- 
ordiuaiy  length,  between  the  sockets  of  which  and  those  of  the  adjoining 
teeth  (in  front  in  the  upper  jaw,  and  behind  in  the  lower,)  there  is  a 
vacant  space  or  diastema.    Even  in  the  most  prognathous  Human  skulls, 
moreover,  the  incisors  meet  each  other  much  more  nearly  in  the  same 
axis  than  they  do  in  the  anthropoid  Apes,  in  which  they  form  an  angle 
with  each  other  that  is  not  neaxiy  so  divergent.    The  fusion  of  the 
intermaxillary  or  premaxillary  bones  with  the  superior  maxillary,  at  an 
early  period  of  foetal  life,  is  a  remarkable  character  of  the  Human 
cranium,  as  distinguishing  it  from  that  of  the  Apes,  in  which  the  inter- 
maxillary bones  remain  separate  to  a  much  later  period;  sometimes 
differing  also,  in  a  very  marked  degree,  in  size  and  shape.    Thus  in 
the  Troglodites  gorilla,  these  bones  are  not  only  remarkable  for  their 
prominence,  but  also  for  their  upward  extension  round  the  nostrils,  so 
that  they  completely  exclude  the  maxillary  bones  from  their  bordei-s, 
and  form  the  bases  of  support  for  the  nasal  bones ;  and  although  they 
coalesce  with  the  maxillaries  at  and  near  the  alveolar  portion,  they 
remain  separate  elsewhere.    The  lower  jaw  of  Man  is  remarkable  for  that 
prominence  at  its  symphysis,  which  forms  the  chin;  and  although  this, 
also,  is  least  developed  in  the  most  prognathous  human  crania,  yet  it  is 
never  so  deficient  as  it  is  in  the  lower  jaw  of  the  Chimpanzee  and  Orang. 
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 It  is  curious  to  observe  that  the  skulls  of  the  young  of  Man  and  of  the  ^ 

anthropoid  Apes  resemble  one  another  much  more  than  do  those  of  the 
ad-v.lt&  ;  each  tending  to  diverge,  in  its  advance  towards  full  development, 
from  a  type  which  seemed  almost  similar  in  both.  It  is  only  after  their 
second  dentition,  that  the  anthropoid  Apes  present  those  cranial  charac- 
ters which  peculiarly  tend  to  degrade  them  towards  the  truly  quadrupedal 
type;  and  in  the  Human  subject  we  see  that  in  the  advance  from  child- 
hood to  adidt  age,  there  is  a  progressive  enlargement  of  the  face,  in 
proportion  to  the  capacity  of  the  cranial  cavity.* 

8.  The  great  size  of  the  cranial  portion  of  the  skull  in  Man,  as  com- 
pared with  the  facial,  produces  a  marked  difference  between  his  facial 
angle,  and  that  of  even  the  highest  Quadrumana.  According  to  Camper, 
who  first  applied  this  method  of  measurement,  the  facial  angle  of  the 
average  of  Em-opean  skulls  is  80°,  whilst  in  the  ideal  heads  of  the  Grecian 
gods  it  is  inci'eased  to  90°;  on  the  other  hand,  in  the  skull  of  a  Kalmuck 
he  found  it  to  be  75°;  and  in  that  of  a  Negro  only  70°;  and  applying 
the  same  system  of  measurement  to  the  skulls  of  Apes,  he  found  them  to 
ranoe  from  64°  to  60°.  But  these  last  measurements  were  all  taken 
from  young  skulls,  in  which  the  forward  extension  of  the  jaws,  which 
takes  place  on  the  second  dentition,  had  not  yet  occurred.  In  the  adult 
Chimpanzee,  as  we  learn  from  the  measurements  of  Prof.  Owen,  the  facial 
angle  is  no  more  than  35°,  and  in  the  adult  Orang  only  30°;  so  that 
instead  of  the  Negro  being  nearer  to  the  Ape  than  to  the  European,  as 
Camper's  estimate  would  make  him,  the  interval  between  the  most 
degi-aded  Human  races  and  the  most  elevated  Quadrumana  is  vastly 
gi-eater  than  between  the  highest  and  the  lowest  forms  of  humanity.  It 
must  be  borne  in  mind  that  the  facial  angle  is  so  much  affected  by  the 
degree  of  prominence  of  the  jaws,  that  it  can  never  afford  any  certain 
information  concerning  the  elevation  of  the  forehead  and  the  capacity  of 
the  cranium;  all  that  it  can  in  any  degree  serve  to  indicate,  being 
the  relative  proportion  between  the  facial  and  the  cranial  parts  of  the 
skull. 

9.  The  most  characteristic  pecidiarity  of  the  Human  Myology^  is  the 
great  development  of  those  muscles  of  the  trunk  and  limbs  which  con- 
tribute to  the  maintenance  of  the  erect  posture.  Thus,  the  gastrocnemii, 
and  the  other  muscles  which  tend  to  keep  the  leg  erect  upon  the  foot, 
form  a  much  more  prominent  'calf  than  is  seen  either  in  the  most 
anthropoid  Apes,  or  in  any  other  animal.  So,  again,  the  extensors  of  the 
leg  upon  the  thigh  are  much  more  powerful  than  the  flexors;  a  chai'acter 
which  is  pecidiar  to  man.  The  glutiei,  by  which  the  pelvis  is  kept  erect 
upon  the  thigh,  are  of  far  greater  size  than  is  elsewhere  seen.  The 
superior  power  of  the  muscles  tending  to  draw  the  head  and  spine  back- 
wards, has  been  already  refen-ed  to.  Among  the  differences  in  the 
attachment  of  individual  muscles,  it  may  be  noticed  that  the  flexor  longus 
pollicis  pedis  proceeds  in  Man  to  the  great  toe  alone,  on  which  the 
weight  of  the  body  is  often  supported;  whilst  it  is  attached  in  the 
Cliimpanzee  and  Orang  to  the  three  middle  toes  also.  The  latissimus 
dorsi  is  destitute  in  Man  of  that  prolongation  attached  to  the  olecranon, 

u  *  P^'of-  Owen's  Papers  on  the  Anatomy  of  the  Orang  and  Cliinipanzee,  in  the 
'  Zoological  Transactions,"  vols.  i.  and  iii. ;  and  Prof.  Vrolik  in  the  Art.  Quadriinuaiu  in 
tlie  "  CyclopBcdia  of  Anatomy  and  Physiology,"  vol.  iv. 
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which  is  found  in  the  lower  Mammalia,  and  which  exists  even  in  the 
Chimpanzee,  probably  giving  assistance  in  its  climbing  operations.  The 
larger  size  of  the  muscles  of  the  thumb,  is,  as  might  be  expected,  a 
characteristic  of  the  hand  of  Man;  although  the  number  of  muscles  by 
which  that  digit  is  moved,  is  the  same  in  the  Chimpanzee,  as  in  the 
Human  subject.  The  existence  of  the  extensor  digiti  indicis,  however,  as 
a  distinct  muscle,  is  peculiar  to  Man. 

10.  The  Visceral  appai'atus  of  Man  presents  very  few  characteristic 
peciJiaritics,  by  which  it  can  be  distinguished  from  that  of  the  higher 
Quadrumana;  among  the  most  remarkable  is  the  absence  of  the  laiyngeal 
pouches,  which  exist  even  in  the  Chimpanzee  and  Orang  Outau,  as  dilata- 
tions of  the  laryngeal  venti'icles.  —  Of  the  anatomy  of  the  last-named 
animals  in  their  adult  condition,  however,  we  know  as  yet  too  little 
to  enable  its  conformity  to  that  of  Man  to  be  confidently  pronounced 
upon, 

11.  The  Brain  of  Man  does  not  differ  so  much  in  conformation  from 
that  of  the  Chimpanzee  and  Orang,  as  the  superiority  of  his  mental 
endowments  might  have  led  us  to  anticipate.  The  following  are  the 
principal  differences  which  it  seems  to  present:  —  1.  The  mass  of  the 
entire  brain  is  considerably  larger  in  proportion  to  that  of  the  body,  and 
in  proportion  also  to  the  diameter  of  the  nerves  which  are  connected  with 
it. — 2.  In  the  external  configuration  of  the  Cerebrum,  we  notice  that  the 
posterior  lobes  are  more  developed,  so  as  to  project  further  beyond  the 
Cerebellum  than  they  do  in  any  of  the  Quadrumana ;  the  convolutions 
are  more  numerous,  and  the  sulci  are  deeper. — 3.  On  examining  the 
internal  structure,  it  is  found  that  the  peripheral  layer  of  grey  matter  is 
thicker,  the  corpus  callosum  extends  further  backwards,  and  the  posterior 
cornua  of  the  lateral  ventricles  are  relatively  longer  and  lai-ger  than  they 
ai'e  in  any  Qiiadrumana.  —  4.  The  Cerebellum,  also,  is  proportionally 
larger. 

12.  The  small,  size  of  the  face  of  Man,  compared  with  that  of  the 
cranium,  is  an  indication  that  in  him  the  sejises  axe  subordinate  to  the 
intelligence.  Accordingly  we  find  that  while  he  is  surpassed  by  many  of 
the  lower  animals  in  acviteness  of  sensibility  to  light,  sound,  &c.  he  stands 
pre-eminent  in  the  power  of  comparing  and  judging  of  his  sensations,  and 
of  di-awing  conclusions  from  them  as  to  their  objective  som-ces.  ]\I ore- 
over,  although  none  of  his  senses  are  very  acute  in  his  natural  state,  they 
ai-e  all  moderately  so ;  and  they  are  capable  of  being  wonderfully  im- 
proved by  practice,  when  circumstances  strongly  call  for  their  exercise. 
This  seems  especially  the  case  with  the  tactile  sense,  of  which  Man  can 
make  greater  use  than  any  other  animal,  in  consequence  of  the  entire 
freedom  of  his  anterior  extremities ;  although  there  ai-e  many  which  sur- 
pass him  in  their  power  of  appreciating  certain  classes  of  tactile  impres- 
sions.— So,  again,  Man's  nervo-muscular  power  is  inferior  to  that  of  most 
other  animals  of  his  size;  the  full  grown  Orang,  for  example,  sm-passos 
him  both  in  strength  and  agility;  and  the  larger  Chimpanzee,  accoi'ding 
to  the  statements  of  the  Negroes  who  have  encountered  it,  is  far  more 
than  a  match  for  any  single  man,  and  is  almost  certain  to  destroy  any 
human  opponent  once  within  his  grasp. — The  absence  of  any  natural 
weapons  of  offence,  and  of  direct  means  of  defence,  are  remarkable  charac- 
teristics of  Man,  and  distinguish  him  not  only  from  the  lower  Mammalia, 
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but  also  from  the  most  autliropoid  Apes ;  in  which  it  is  obvious  (both 
from  their  habits  and  general  organization)  that  the  enormous  canines 
have  no  relation  to  a  carnivorous  regimen,  but  are  instruments  of  warfare. 
On  those  animals  to  which  Nature  has  denied  weapons  of  attack,  she  has 
bestowed  the  means  either  of  passive  defence,  of  concealment,  or  of  flight  j 
in  each  of  which  Man  is  deficient.  Yet,  by  his  superior  reason,  he  has 
not  only  been  enabled  to  resist  the  attacks  of  other  animals,  but  even  to 
bring  them  into  subjection  to  himself  His  intellect  can  scarcely  suggest 
the  mechanism  which  his  hands  cannot  frame;  and  he  has  devised  and 
constructed  arms  more  powerful  than  those  which  any  creature  wields, 
and  defences  so  secure  as  to  defy  the  assaults  of  all  but  his  fellow-men. 

13.  Man  is  fm-ther  remarkable  for  his  power  of  adaptation  to  varieties 
in  external  condition,  which  renders  him  to  a  great  extent  independent  of 
them.  He  is  capable  of  sustaining  the  highest  as  well  as  the  lowest 
extremes  of  temperatm-e  and  of  atmospheric  pressure.  In  the  former  of 
these  particulars,  he  is  strikingly  contrasted  with  the  anthropoid  Apes ; 
the  Chimpanzees  being  restricted  to  the  hottest  parts  of  Africa,  and  the 
Orang  Outan  to  the  tropical  portions  of  the  Indian  Archipelago ;  and 
neither  of  these  Animals  being  capable  of  living  in  temperate  climates 
without  the  assistance  of  artificial  heat,  even  with  the  aid  of  which  they 
have  not  hitherto  survived  their  second  dentition.  So,  again,  although 
Man's  diet  seems  naturally  of  a  mixed  character,  he  can  support  himself 
in  health  and  strength  either  on  an  exclusively  vegetable  diet,  or,  under 
particidar  circumstances,  on  an  almost  exclusively  animal  regimen.  ■ 

14.  The  slow  growth  of  Man,  and  the  length  of  time  during  which  he 
remains  in  a  state  of  dependence,  are  peculiarities  that  remarkably  dis- 
tinguish him  from  all  other  animals.  He  'is  ^unable  to  obtain  his  own 
food,  diu-ing  at  least  the  first  three  years  of  his  life;  and  he  does  not 
attain  to  his  full  bodily  stature  and  mental  capacity,  until  he  is  more 
than  twenty  years  of  age.  This  retardation  of  the  developmental  process 
seems  to  have  reference  to  the  high  grade  which  it  is  ultimately  to  attain ; 
for  eveiywhere,  throughout  the  Organized  Creation,  do  we  observe  that 
the  most  elevated  forms  are  those  which  go  through  the  longest  pre- 
paratoiy  stages,  and  of  which  the  evolution  is  most  dependent  upon  the 
assistance  afforded  by  the  parental  organism  during  its  earlier  periods. 
The  peculiar  prolongation  of  this  state  of  dependence  in  the  Human 
species,  has  a  most  important  and  evident  effect  upon  the  social  condition 
of  the  race;  being,  in  fact,  the  chief  soiuxe  of  family  ties,  and  affording  the 
opportunity  for  the  education  which  transmits  to  the  rising  generation 
the  influence  of  the  intellectual  culture  and  moral  training  of  the  past. 

15.  Still,  however  widely  Man  may  be  distinguished  from  other  animals 
by  these  and  other  particulars  of  his  structure  and  economy,  he  is  yet 
more  distinguished  by  those  mental  endowments,  and  by  the  habitudes  of 
life  and  action  thence  resulting,  Avhich  must  be  regarded  as  the  essential 
characteristics  of  humanity.  It  is  in  adapting  himself  to  the  conditions 
of  1  lis  existence,  in  providing  himself  with  food,  shelter,  weapons  of  attack 
and  defence,  &c.,  that  Man's  intellectual  powers  are  first  called  into  active 
operation;  and  when  thus  aroused,  their  development  has  no  assignable 
limit.  The  Will,  guided  by  the  intelligence,  and  acted-on  by  the  desires 
and  emotions,  takes  the  place  in  Man  of  tiie  Instinctive  propensities  which 
arc  the  \isual  springs  of  action  in  the  lower  animals;  and  although, 
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among  the  most  elevated  of  these,  the  intelligent  will  is  called  into 
exercise  to  a  certain  extent,  yet  it  never  acquires  among  them  the 
dominance  which  it  possesses  in  Man,  and  the  character  never  rises 
beyond  that  of  the  child.  In  fact,  the  correspondence  between  the 
psychical  endowments  of  the  Chimpanzee,  and  those  of  the  Human 
infant  before  it  begins  to  speak,  is  very  close.  The  capacity  for  in- 
tellectual jivogress  is  a  most  remai'kable  peculiarity  of  Man's  psychical 
nature.  The  instinctive  habits  of  the  lower  animals  ai'C  limited,  are 
peculiar  to  each  species,  and  have  immediate  reference  to  their  bodily 
wants.  Where  a  pat-ticular  adaptation  of  means  to  ends,  of  actions  to  cir- 
cumstances, is  made  by  an  individual,  the  rest  do  not  seem  to  profit  by 
that  experience ;  so  that,  although  the  instincts  of  particidar  animals  may 
be  modified  by  the  training  of  Man,  or  by  the  education  of  circumstances, 
so  as  to  show  themselves  after  a  few  generations  under  new  forms,  no  eleva- 
tion in  intelligence  appears  ever  to  take  place  spontaneously,  no  psychical 
improvement  is  manifested  in  the  species  at  large. — One  of  the  most 
important  aids  in  the  use  and  development  of  the  Human  Mind,  is  the 
capacity  for  articulate  sjjeech;  of  which,  so  far  as  we  know,  Man  is  the 
only  animal  in  possession.  There  is  no  doubt  that  many  other  species 
have  certain  powers  of  communication  between  individuals;  but  these  are 
probably  very  limited,  and  of  a  kind  more  allied  to  "the  language  of 
signs,"  than  to  a  proper  verbal  language.  In  fact,  it  is  obvious  that  the 
use  of  a  language  composed  of  a  certain  number  of  distinct  soimds,  com- 
bined into  words  in  a  multitude  of  different  modes,  requu-es  a  certain 
power  of  abstraction  and  generalization,  in  which  it  appears  that  the 
lower  animals  are  altogether  deficient.  So,  again,  verbal  lang-uage  affords 
the  only  means  whereby  abstract  ideas  can  be  communicated ;  and  those 
who  have  perused  the  interesting  nai-rative  given  by  Dr.  Howe  of  his  suc- 
cessful training  of  Laura  Bridgeman,  will  remember  how  mai'ked  was  the 
improvement  in  her  mental  condition,  from  the  time  when  she  first  appre- 
liended  the  fact  that  she  could  give  such  expression  to  her  thoughts,  feel- 
ings, and  desires,  as  sliould  secure  their  being  comprehended  by  others. 

16.  This  capacity  for  progress  is  connected  with  another  element  in 
Man's  nature,  which  it  is  difficult  to  isolate  and  define,  but  which  inter- 
penetrates and  blends  with  his  whole  psychical  character.  "  The  soul,"  it 
has  been  remarked,  "  is  that  side  of  our  nature  which  is  in  relation  with 
the  infinite ; "  and  it  is  the  existence  of  this  relation,  in  whatever  way  we 
may  describe  it,  which  seems  to  constitute  the  distinctive  peculiarity  of 
Man.  It  is  in  the  desire  for  an  improvement  in  his  condition,  occasioned 
by  an  aspiration  after  something  nobler  and  purer,  that  the  main-spring 
of  human  progress  may  be  said  to  lie ;  among  tlie  lowest  races  of  mankind, 
the  capacity  exists,  but  the  desu-e  seems  dormant.  When  once  thoroughly 
awakened,  however,  it  seems  to  "grow  by  what  it  feeds  on;"  and  the 
advance  once  commenced,  little  external  stimulus  is  needed;  for  the 
desire  increases  at  least  as  fiist  as  the  capacity.  In  the  higher  grades  of 
mental  development,  there  is  a  continual  looking  upwards,  not  (as  in  the 
lower)  towards  a  more  elevated  human  standard,  but  at  once  to  something 
beyond  and  above  man  and  material  nature.  This  seems  the  chief  source 
of  the  tendency  to  believe  in  some  unseen  existence;  which  may  take 
various  forms,  but  which  seems  never  entirely  absent  from  any  race  or 
nation,  although,  like  other  innate  tendencies,  it  may  be  deficient  in  indi- 
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viduals.  Attempts  have  been  made  by  some  travellers  to  prove  that 
particular  nations  are  destitute  of  it ;  but  such  assertions  have  bedn  based 
Only  upon  a  limited  acquaintance  with  their  habits  of  thought,  and  with 
their  outward  observances;  for  there  are  probably  none  who  do  not 
possess  the  idea  of  some  invisible  Power,  external  to  themselves,  whose 
favour  they  seek,  and  whose  anger  they  deprecate,  by  sacrifice  and  other 
ceremonials.  It  requires  a  higher  mental  cultivation  than  is  commonly 
met  with,  to  conceive  of  this  Power  as  having  a  Spiritual  existence ;  but 
wherever  the  idea  of  spirituality  can  be  defined,  this  seems  connected  with 
it.  The  vulgar  readiness  to  Iselieve  in  ghosts,  demons,  &c.  is  only  an 
irregular  or  depraved  manifestation  of  the  same  tendency.  Closely  con- 
nected with  it  is  the  desire  to  participate  in  this  spiritual  existence,  of 
which  the  germ  has  been  imj)lanted  in  the  mind  of  Man,  and  which, 
developed  as  it  is  by  the  mental  cultivation  that  is  almost  necessary  for 
the  formation  of  the  idea,  has  been  regarded  by  philosophers  in  all  ages  as 
one  of  the  chief  natural  arguments  for  the  immortality  of  the  soul.  By 
this  immortal  soul  Man  is  connected  "with  that  higher  order  of  being,  in 
which  Intelligence  exists,  unrestrained  in  its  exercise  by  the  imperfections 
of  that  corporeal  mechanism  through  which  it  here  operates ;  and  to  this 
state, — a  state  of  more  intimate  communion  of  mind  with  mind,  and  of 
creatm-es  with  their  Creator, — he  is  encom-aged  to  aspire,  as  the  reward  of 
his  improvement  of  the  talents  here  committed  to  his  charge. 

CHAPTER  II. 

OF  THE  CHEMICAL  COMPONENTS  OF  TMEv  HUMAN-  BODY,  AND  THE  • 
CHANGES  WHICH  THEY  UNDERGO  WITHIN  IT. 

1 7.  The  body  of  Man,  like  that  of  every  other  Organized  being,  is  com- 
posed of  elementaiy  substances  that  exist  abundantly  in  the  Inorganic 
Universe,  in  the  midst  of  which  it  is  placed;  and  it  is  from  that  Universe, 
that  all  its  materials  are  derived,  either  directly  or  indirectly.  The 
atmosphere  supplies  the  Plant  with  water,  carbonic  acid,  and  ammonia; 
and  at  the  expense  of  the  oxygen,  hydrogen,  carbon,  and  nitrogen  which 
it  appropriates  from  these  simple  binary  compounds,  the  Plant  generates 
certain  peculiar  substances,  of  more  complex  composition,  which  are 
applied  in  the  fii'st  place  to  the  extension  of  its  own  structure,  but  which 
are  destined  afterwards  to  constitute  the  materials  of  Animal  nutrition. 
On  the  other  hand,  the  Animal,  availing  itself  of  these  supplies,  gives  back 
to  the  Inorganic  world,  not  only  by  the  decay  of  its  body  after  death,  but 
also  by  the  continual  decomposition  taking  place  in  it  during  life,  the 
elements  which  the  Plant  had  withdrawn ;  and  this,  for  the  most  part,  in 
the  veiy  forms  in  which  they  were  originally  combined,  viz.  water,  cai*- 
honic  acid,  and  ammonia.  Most  Plants  also  take  up  mineral  substances 
of  some  kind  from  the  soil,  which  arc  imited  more  or  less  closely  with  the 
organic  compounds  formed  by  them,  and  which  enter  with  these  into  the 
bodies  of  Animals ;  to  be  in  like  manner  restored  to  the  earth  beneath 
them,  by  the  decay  of  the  organisms  of  which  they  have  formed  part. — 
As  this  remarkable  sequence  has  been  more  fully  traced  out  elsewhere,* 

*  Sec  the  Author's  "  Principles  of  Physiology,  General  and  Comparative,"  cii^v.  v. 
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and  as  the  Physiologist  has  much  less  to  do  with  the  Ultimate  components 
of  the  Animal  body,  than  he  has  with  the  Organic  Compomids  which  are 
supplied  to  it  as  nutriment  and  of  Avhich  its  fabric  is  composed,  it  will  not 
be  requisite  to  dwell  any  longer  upon  this  pai't  of  the  subject ;  and  we 
may  at  once  pass  on  to  consider  the  nature  and  pi'operties  of  these  com- 
pounds, and  to  inquire  into  the  metamorphoses  which  they  undergo 
witliin  the  living  system.  In  doing  this,  it  Avould  seem  most  appropriate 
to  adopt  a  classification  primarily  founded  rather  \ipon  their  physiological 
than  upon  their  pm-ely  chemical  relations, — upon  the  position  they  hold 
in  the  vital  economy,  rather  than  upon  their  ultimate  composition  or 
their  resemblances  to  inorganic  compounds.  We  should  thus  be  led  to 
arrange  them  in  four  principal  groups  : — 

I.  The  histogenetic  substances,  which  have  been  introduced  into  the 
body  as  the  materials  of  its  fabric,  or  are  generated  fi-om  these  compounds 
subsequently  to  their  introduction  into  it,  and  are  on  their  way  to  become 
part  of  its  oi'ganized  structure  by  progressive  metamorphosis.  These  are 
either  organic  or  inorganic  compounds;  and  of  the  former,  all,  save  fatty 
matters,  belong  to  the  azotized  or  nitrogenous  group. 

II.  The  calorific  substances,  which  are  either  introdiiced  into  the  body 
as  components  of  the  food,  or  which  are  formed  within  it, — by  the  meta- 
morphosis cither  of  the  histogenetic  substances,  or  of  the  components  of 
the  tissues  themselves ; — these  substances  are  all  of  the  saccharine  or  of 
the  oleaginous  class,  or  are  derivable  from  them  by  very  simple  trans- 
formations. 

III.  The  components  of  the  actual  living  tissties. 

IV.  The  excrementitioxis  substances,  which  are  formed  within  the  body 
as  the  products  of  the  disintegration  and  retrograde  metamorphosis  of  its 
tissues,  and  which  are  on  their  way  from  these  to  the  outlets  of  the  ex- 
cretory apparatus ; — these  constituting  a  gToup  intermediate  in  their 
chemical  chai-acter  between  the  foregoing  and  inorganic  matter. 

It  is  to  be  observed,  however,  that  in  this  classification  (as  in  every 
other  assemblage  of  natural  objects)  the  different  groups  are  connected 
too-ether  by  intermediate  links,  which  render  it  impossible  to  isolate  them 
completely.  Thus,  fatty  matters  must  be  looked  upon  as  histogenetic  sub- 
stances, since  they  seem  essential  to  the  production  of  almost  all  the 
tissues,  and  enter  largely  into  the  composition  of  the  adipose  and  nei-vous ; 
yet  their  production  within  the  body  seems  to  have  most  immediate 
reference  to  the  demand  set  up  by  the  combustive  process,  in  which  a  far 
laro-er  quantity  is  daily  consumed,  than  can  be  required  for  the  mainte- 
nance of  the  organized  fabric.  So,  again,  fat  as  such  must  be  regarded  as 
a  coinponent  of  the  actual  living  tissues,  and  therefore  as  belonging  to  the 
third  class ;  but  it  does  not,  like  the  histogenetic  substances,  undergo 
oro'anization,  being  simply  combined  mechanically  with  the  other  compo- 
nents, and  being  capable  of  ready  separation  from  them  by  no  other  than 
mechanical  means.  On  the  other  hand,  although  the  third  class  may  be 
regarded  as,  in  great  measure,  chemicalhj  identical  with  the  first,  yet  the 
molecular  condition  of  their  respective  components  is  very  different ;  for 
the  properties  of  the  living  tissues  cannot  be  chemically  examined,  until 
they  have  been  deprived  of  all  those  characters  which  distinguish  them 
as  organized  substances,  and  are  reduced  back  to  a  state  resembling  that 
in  which  they  are  first  taken  into  the  body.    Here  again,  however,  we 
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meet  with  a  link  of  transition;  for  fibrin,  which  ranks  as  one  of  the  histo- 
genetic  substances,  may  be  ahnost  regarded  as  "liquid  flesh"  (§  24),  and 
a"s  therefore  deser^dng  of  a  place  in  the  third  class.    And  lastly,  the  fourth 
class  of  substances  is  connected  with  the  third  by  this  circumstance, 
that  the  excrementitious  substances  are  separated  from  the  blood  into 
which  they  have  been  received  back,  by  the  agency  of  glandular  structures, 
of  whose  organized  tissues  they  form  part  for  a  time,  as  fat  does  of  adipose 
tissue :  whilst,  again,  they  are  connected  with  the  second  by  the  fact,  that 
a  considerable  part  of  the  products  of  disintegration  is  made  use  of  as 
calorific  material,  being  converted  within  the  body  into  saccharine  and 
oleaginous  substances  in  all  respects  resembling  those  taken-in  as  food. — 
It  will,  therefore,  be  foimd  convenient  to  modify  the  above  classification, 
by  aiTanging  the  substances  which  it  includes  in  some  degree  according 
to  then-  Chemical  characters,  still  keeping  in  view,  however,  their  physiolo- 
gical destination.    Thus  we  shall  consider  in  the  1st  place  the  substances 
oi  the  Albuminous  type,  or  "protein-compounds,"  both  as  the  materials 
for,  and  as  the  compo7ients  of,  the  living  tissues ;  and  2ndly,  those  of  the 
Gelatinous  ti/pe,  under  the  same  aspects.    From  these  we  shall  pass,  3rdly, 
to  the  Oleaginous  group,  of  which  the  chief  constituents  may  be  ranked 
both  as  histogenetic  and  as  calorific  substances,  while  some  members  of  it 
should  probably  rank  also  as  2^'>'oducts  of  disintegration :  and  in  connection 
with  these  will  be  described,  4thly,  the  Saccharine  matters,  which  are  also 
in  pai't  to  be  regarded  as  products  of  disintegration,  and  which  are  more 
exclusively  calorific  than  the  oleaginous,  being  never  applied  to  the  form- 
ation of  tissue  save  through  conversion  into  fatty  compounds.    In  the  5th 
place,  we  shall  pass  under  review  the  most  notable  of  those  metamori^hic 
forms,  under  which  the  components  of  the  tissues  present  themselves  in 
the  principal  Excretions.    And  lastly  we  shall  notice  the  Inorganic  Con- 
stituents, which,  with  the  preceding,  enter  into  the  composition  of  the 
Human  fabric* 

\.  Alhumi7ious  Compounds. 

18.  Under  this  head  may  be  gTouped  together  a  series  of  organic  com- 
pounds, which  are  of  primary  importance  in  histogenesis  or  the  formation 
of  tissue ;  and  this  not  less  in  the  Vegetable  kingdom  than  in  the  Animal ; 
the  original  cell-walls  of  the  Plant,  as  well  as  those  of  the  Animal,  being- 
formed  at  their  expense. t  Putting  aside  those  Albuminous  substances 
which  are  proper  to  the  Vegetable  kingdom,  and  restricting  ourselves 
to  those  which  are  parts  of  the  Animal  body  or  are  formed  within  it, 
we  find  this  group  -to  consist  of  Albumen,  which  may  be  taken  as  its 
type,  with  Casein,  Globulin,  and  Fibrin;  these  are  also  generally  known 
under  the  designation  of  "Protein-compounds ;"•:!:  and  the  following  pro- 
perties are  for  the  most  pai't  common  to  them  all. — They  occur  in  two 

*  I."  tlie  following  outline,  the  authority  principally  relied  upon  will  be  the  "  Physiological 
theniistry  "  of  Prof,  Lehraann,  of  which  a  Translation  (by  Prof.  G.  E.  Day)  is  now  in  course 
of  puljlication  by  the  Cavendish  Society. 

+  See  "  Principles  of  Physiology,  General  and  Comparative,"  §  136. 

T  Although  this  designation  was  first  given  them  by  Mulder  under  an  idea  (which  has 
smce  proved  to  bo  erroneous)  that  he  could  obtain  from  either  of  them  a  certain  organic  base, 
ree  from  sulphur  and  phosphorus,  to  which  he  gave  the  name  of  Protein,  yet  it  has  been 
lound  to  be  so  convenient  both  in  Chemistry  and  Physiology,  that  tliere  seems  to  be  a  general 
accordance  in  its  retention.    See  Lehmann's  "  Pliysiological  Chemistry,"  vol.  i.  p.  326. 
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conditions,  namely  in  a  soluble,  and  in  an  insoluble  or  scarcely  soluble 
state ;  it  is  in  the  former  condition  that  we  find  them  naturally  existing 
in  the  animal  fluids.  The  soluble  modification,  when  dried,  forms  a 
faint  yellow,  translucent,  friable  mass,  having  no  smell  or  peculiar  taste ; 
it  dissolves  in  water,  but  is  insoluble  in  alcohol  and  ether ;  it  is  precipitated 
by  alcohol  from  the  aqueous  solution,  after  which  it  is  usually  insoluble 
in  water.  The  aqueous  solution  is  precipitated  by  most  metallic  salts, 
and  the  precipitate  generally  contains  the  acid  and  base  of  the  salt 
employed,  in  addition  to  the  protein-compound.  The  gi-eater  nmnber 
cannot  be  pi-ecipitated  from  their  aqueous  solution  by  alkalies,  or  by  most 
of  the  vegetable  acids ;  but  they  are  precipitated  by  mineral  acids  (with 
the  exception  of  ordinary  phosphoric  acid)  and  by  tannic  acid;  and  by 
some  of  these  they  are  converted  into  their  insoluble  form.  Into  this, 
moreover,  the  greater  number  of  them  are  changed  by  boiling;  and  it  is 
in  this  mode  that  their  insoluble  forms  ai'e  commonly  obtained. — ^The  in- 
soluble compounds,  when  di-ied,  are  white  and  pulverizable,  without  taste 
or  smell,  without  reaction  on  vegetable  colours,  and  insoluble  in  water, 
alcohol,  ether,  and  all  indifferent  menstrua ;  but  they  ai-e  all  more  or  less 
readily  dissolved  by  alkalies,  from  which  they  may  be  precipitated  by  mere 
neutralization  with  acids.  Their  behaviour  towards  different  acids  is  by 
no  means  so  uniform,  and  must  be  sepai-ately  described  in  each  case.  All 
of  them,  however,  ai'e  acted-on  in  a  peculiar  mamier  by  concentrated 
Nitric  and  Hydrochloric  acids ;  the  former  giving  them  when  heated  a 
deep  lemon-coloured  tint;  whilst  the  latter  causes  them  to  assume  a 
gradually-increasing  blue  colour,  which  becomes  intense  when  they  are 
exposed  to  warmth  and  air.  Again,  they  are  all  dissolved  by  concentrated 
acetic  acid  and  other  organic  acids,  as  well  as  by  phosphoric  acid;  and 
are  precipitated  from  these  solutions  by  ferrocyanide  of  potassium. — All 
the  protein-compounds  contain  Sulphur,  which  seems  to  be  one  of  their 
essential  constituents,  not  being  caj)able  of  entfre  separation  without 
the  complete  destruction  of  the  organic  substance,  although  a  pai't  may 
be  withdrawn  by  digestion  with  fixed  alkalies. 

19.  All  the  Protein-compounds  are  very  liable  to  decomposition;  this 
change  taking  place  in  them  spontaneously,  when  they  are  exposed  to  the 
air  at  ordinary  temperatures ;  and  being  very  readily  induced  by  oxidising 
agents,  alkalies,  &c.  the  effect  of  which  is  promoted  by  heat.  As  yet, 
however,  no  satisfactory  clue  has  been  obtained  to  the  very  complex 
composition  of  these  substances;  since  they  cannot  be  resolved  by 
analysis  (like  complex  inorganic  bodies)  into  two  or  more  compounds 
whose  synthesis  reproduces  the  original.  Still  it  is  very  intei*esting  to 
observe,  that  whilst  the  ultimate  decomposition  of  the  protein-compounds 
resolves  them  (with  oxygen  taken  from  the  atmosphere)  into  water, 
carbonic  acid,  and  ammonia,  various  organic  compovmds  may  be  generated 
by  a  less  complete  separation  of  their  components.  Thus  by  the  action 
of  oxidising  substances,  the  formic,  acetic,  butyric,  caproic,  and  other 
organic  acids  of  the  same  group,  which  occur  naturally  in  the  animal 
body,  may  be  obtained;  and  there  is  a  strong  probability  that  the  ordi- 
nary fatty  acids  may  be  generated  by  a  similar  change  (§  40). — Again, 
by  the  prolonged  action  of  caustic  alkalies  upon  the  protein-compounds, 
a  crystalline  substance  is  obtained,  which  is  termed  Leucine;  this  forms 
coloiuicss  scales,  destitute  of  taste  aud  odour;  it  is  soluble  in  water,  and 
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sublimes  uucliaiiged.  It  consists  of  12  C,  12  H,  1  N,  4  0.  There  is  not 
at  present  any  evidence  that  this  substance  is  ever  produced  in  the  living 
bpdy;  but  a  strong  interest  attaches  to  it,  from  the  fact  that  it  may  be 
procm-ed  from  Gelatine,  as  well  as  from  the  Protein-compounds.  Another 
compound  obtained  by  the  same  reaction  is  called  Tyrosine;  it  crystallizes 
in  brilliant  needles;  and  its  formula  is  16  C,  9  H,  IN,  5  0, — The 
tendency  to  decomposition  which  exists  in  this  class  of  substances,  not 
merely  occasions  the  re-arrangement  of  their  own  elements  in  new  com- 
pomids  of  a  different  character,  but  also  tends  to  produce  similar  changes 
in  other  substances ;  and  it  is  probable  that  this  kind  of  agency  takes 
place  to  a  great  extent  in  the  living  body.  Thus,  a  protein-compound  in 
a  certain  stage  of  decomposition  will  convert  starch  into  sugar;  in  a  more 
advanced  state  of  change,  it  will  convert  sugar  into  lactic  acid,  manuite, 
and  vegetable  mucus,  or  into  alcohol  and  carbonic  acid ;  and  by  the  same 
agency,  lactic  acid  may  be  resolved  into  butyric  acid,  hydrogen,  and  car- 
bonic acid.*  This  property  of  exciting  change  in  other  substances,  whilst 
themselves  passing  into  decay,  makes  it  very  important  that  the  history 
of  the  protein-compounds  in  the  living  body  should  be  fully  made  out ; 
since  it  is  obvious  that  they  are  not  merely  required  as  histogenetic 
materials,  but  that  they  also  take  an  important  part  in  the  transfor- 
mation of  other  substances  by  their  action  iks,  ferments. 

20.  Of  the  whole  series  of  protein-compounds.  Albumen  is  obviously 
the  one  which  may  be  considered  as  the  proper  pabulum  of  the  Animal 
tissues  generally;  since  we  have  evidence  that  from  it,  in  combination 
with  fatty  matter  and  mineral  ingredients,  all  the  tissues  of  the  body  may 
be  generated.  The  store  of  nutriment  laid  up  within  the  egg,  from 
which  in  due  time  the  chick  is  developed,  with  its  bones,  muscles,  nerves, 
tendons,  ligaments,  membranes,  skin,  horny*  bill,  feathers,  &c.  is  composed 
of  nothing  else ;  and  the  albumen  of  the  blood  of  the  adult  animal  is  con- 
tinually being  withdrawn  from  it,  to  be  applied  in  like  manner  to  the 
maintenance  of  these  various  tissues. t  We  shall  find,  moreover,  that  the 
other  histogenetic  substances,  when  employed  as  food,  must  be  reduced 
to  the  state  of  albumen,  before  they  can  be  appropriated  by  the  living 
system.  The  properties  of  Albumen  may  be  studied  in  the  white  of  the 
or  in  the  serum  of  the  blood,  from  either  of  which  situations  it  may 
be  obtained  in  a  nearly  pure  state  by  very  simple  means.  These  two 
forms  of  it,  however,  are  not  precisely  identical;  indeed  it  appears  from 
recent  inquiries,  that  striking  differences  are  produced  in  albumen,  not 
merely  by  the  presence  of  some  other  body,  such  as  an  alkali  or  a  salt, 
but  by  the  different  proportions  in  which  this  occurs;  and  hence  it  is 
that  various  and  contradictory  statements  have  been  made,  in  reference 
to  the  properties  of  this  substance.  The  following  are  the  facts  of  most 
physiological  interest. — In  the  before  mentioned  animal  fluids,  as  well 
as  in  several  others.  Albumen  exists  in  its  soluble  form,  but  not  in  an 
isolated  state ;  for  it  is  united  with  soda  as  an  acid  to  its  base,  and  thus 
may  be  formed  a  basic,  neutral,  or  acid  albuminate  of  soda.  The  basic 
compound,  which  contains  about  1^  per  cent  of  soda,  and  gives  a  slightly 

*  See  Prof.  Licbig's  "  Familiar  Letters  on  Chemistry,"  3rd  ed.  p.  207. 

+  Even  if  it  should  be  proved  that  tiie  Gclatigeiious  tissues  are  ever  formed  from  Gelatin 
taken-in  as  food,  which  the  Author  believes  to  be  highly  improbable  (see  §  3.5),  yet  there 
cnn  be  no  question  tliat  they  are  formed  from  the  albuminous  part  of  the  blood,  when  (us  in  all 
Herbivorous  animals)  the  aliment  contains  no  gehitinous  component. 
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alkaline  reaction,  is  the  one  which  ordinarily  presents  itself  in  normal 
blood,  as  well  as  in  the  egg ;  but  diseased  blood  (as  first  ascertained  by 
Scherer)  very  frequently  contains  a  neutral  albuminate,  the  characteristic 
of  which  is,  that  its  solution  becomes  turbid  on  the  simple  addition  of 
water ;  and  it  has  been  shown  by  Lehmann  that  this  occurs  noi*mally  in 
the  blood  of  the  hepatic  and  splenic  veins,  that  of  the  former  having  been 
deprived  of  a  portion  of  its  alkali  whilst  passing  through  the  liver,  and 
that  of  the  latter  having  received  an  additional  charge  of  its  acid  in  the 
splenic  parenchyma. — The  ordinary  basic  albuminate  of  soda,  or  sodo- 
albumen,  is  far  more  soluble  in  water  than  is  pure  albumen,  which, 
indeed,  when  entirely  sepai'ated  from  all  other  substances,  is  probably  not 
soluble  at  all.  It  differs  from  pure  albumen,  moreover,  in  the  mode  in 
which  it  coagulates  on  the  application  of  heat;  for  whilst  the  latter 
sei^arates  in  flakes,  sodo-albumen  forms  a  white  gelatinous  mass,  or,  if  the 
fluid  be  much  diluted,  makes  itself  apparent  only  by  a  milky  or  opales- 
cent turbidity.  The  alkaline  reaction  of  a  solution  of  sodo-albumen 
becomes  more  mai'ked  on  boiling,  which  indicates  that  at  least  a  portion 
of  the  alkali  must  be  separated  from  the  albumen  on  its  coagTilation ;  and 
according  to  Prof.  Liebig  (op.  cit.  p.  387,  note),  a  new  comiDOund  of  albumen 
with  phosphoric  acid  and  lime  is  tlien  probably  formed.  A  moderately 
strong  solution  of  pure  albumen  in  water  becomes  turbid  at  140°, 
becomes  completely  insoluble  at  145°,  and  separates  in  flakes  at  167°; 
when  excessively  diluted,  however,  no  tiu-bidity  can  be  produced  by  a  less 
heat  than  194°;  and  coagula  will  only  separate  after  it  has  been  boiled  a 
considerable  time.  After  having  been  dried  i7i  vacuo,  however,  or  at  a 
temperature  below  120°,  Albumen  may  be.  heated  to  212°  without  passing 
into  the  insoluble  condition.*  Albumen  may  be  precipitated  fi-om  an 
aqueous  solution  by  diluted  alcohol ;  but  it  does  not  pass  into  the  inso- 
hible  form,  unless  a  large  quantity  of  strong  alcohol  be  added.  It  is  also 
precipitated  by  creosote.  Albumen  is  converted  into  the  insoluble  form 
by  most  acids ;  but  it  is  not  precipitated  by  the  mineral  acids,  unless  they 
ai'e  added  in  excess;  and  the  organic  acids,  with  the  exception  of  the 
tannic,  do  not  throw  it  down.  It  is  converted  into  the  insoluble  form  by 
alkalies,  but  is  not  precipitated  by  them,  being  held  up  by  then'  presence. 
The  greater  number  of  metallic  salts  precipitate  albumen,  which  generally 
passes  into  the  insoluble  state,  and  enters  into  combination,  either  with 
if  the  basic  salt  itself,  or  with  its  acid  and  its  base  separately ;  one  of  these 
salts,  the  albuminate  of  the  chloride  of  mercmy,  is  of  much  interest,  as 
being  that  which  is  produced  by  the  mixture  of  a  solution  of  albumen 
with  one  of  corrosive  sublimate. — The  following  is  the  composition  of 
Albumen,  according  to  the  most  recent  analyses  of  two  eminent  chemists. 


Scherer.  Mulder. 

Carbon  .  .  549  53-5 

Hydrogen  .  .  7-0  7*0 

Nitrogen  .  .  157  ]5'5 

Oxygen      ")  (22-0 

Sulphur      V  .  .  22-4  «j  1-6 

PhosphoiTis  J  (  0*4 


1000  100-0 


*  This  fact  is  of  much  interest  in  rehition  to  the  experiments  of  Doyere  and  others  upon 
the  tenacity  of  life  of  the  Tardigrade  tribe  of  liotifera ;  for  it  has  been  found  that,  uV/t-n 
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It  has  lately  been  affirmed,  however,  by  Prof.  Liebig,  that  Phosphorus  is 
uot  (like  Salphur)  a  true  constituent  of  Albumen,  or  of  any  of  the 
Protein-compounds ;  and  that  it  has  no  existence  in  any  article  of  food, 
or  in  any  tissue  of  the  body,  save  in  combination  with  oxygen  as  phos- 
phoric acid.*  Albumen  seems  never  to  occur  in  the  animal  body,  except 
in  such  intimate  union  with  fatty  and  mineral  substances,  that  it  is  with 
difficidty  separated  from  them.  The  quantity  of  these  is  variable ;  but 
altoo-ether  they  usually  amount  to  at  least  6  per  cent,  of  which  from  1  to 
2-5  per  cent  consists  of  phosphate  of  lime. 

21.  As  a  general  rule,  Albumen  is  found  in  all  the  nutritive  fluids  of 
the  body,  as  the  Blood,  the  Chyle,  the  Lymph,  and  the  serous  exudation 
which  percolates  through  the  interstices  of  the  tissues.    From  several  of 
the  tissues,  also,  it  may  be  obtained  in  considerable  abundance ;  but  it  is 
uot  always  easy  to  say  whether  it  is  a  natural  constituent  of  such  tissues, 
or  whether  it  is  simply  left  by  the  fluid  with  which  they  were  charged. 
It  has  been  recently  affirmed  by  Prof.  Liebig,  however,  that  the  charac- 
teristic solid  constituent  of  Muscle,  which  has  been  usually  known  under 
the  desigTiation  of  fibrin,  is  in  reality  essentially  conformable  in  all  its 
chemical  relations  with  coag-ulated  Albumen ;  and  is  at  any  rate  much 
more  nearly  allied  to  it,  than  it  is  to  the  fibrin  of  the  blood.    And  if  this 
be  true,  it  is  probable  that  the  same  may  be  said  of  the  walls  of  the 
component  cells  of  the  glandular,  nervous,  adipose,  epidermic,  and  other 
tissues,  however  different  may  be  the  character  of  their  contents ;  and 
that  Albumen  is,  in  fact,  the  fundamental  constituent  of  all  such  tissues 
as  do  not  belong  to  the  gelatinous  type.    It  cannot  be  said  that  Albumen 
is  a  normal  constituent  of  any  of  the  secreted  fluids,  such  as  the  salivary, 
gastric,  or  pancreatic;  the  peculiar  organic  ^constituents  of  these  being 
apparently  albuminous  substances  in  a  state  of  change.    And  among 
the  proper  excretory  matters,  it  is  certain  that  albumen  is  never  found 
but  in  consequence  of  morbid  action ;  its  appearance  indicating  either 
disease  of  the  excreting  organ,  or  a  marked  alteration  either  in  the 
composition  of  the  blood  or  in  the  mode  of  its  circulation. 

22.  The  place  of  Albumen  is  occupied  in  Milk  by  the  substance 
termed  Casein,  which  seems  to  differ  from  it  less  in  ultimate  composition, 
than  it  does  in  chemical  properties.  Casein,  like  albumen,  occurs  in  the 
soluble  and  insoluble  states;  but  the  passage  from  one  to  the  other  takes 
place  under  different  conditions.  It  appears  from  the  late  researches  of 
Scherer  and  Rochleder,  that  pure  Casein  is  insoluble  in  water,  and  that 
the  soluble  casein  is  a  combination  of  pure  casein  with  an  alkaline  or 
eaithy  base,  the  withdrawal  of  which  is  the  cause  of  its  precipitation  by 
acids.t  In  this  precipitation,  the  casein  is  not  reduced  to  its  insoluble 
form ;  as,  by  neutralizing  the  acids  with  alkalies  or  metallic  oxides,  it 
again  dissolves.  Casein  is  not  (like  Albumen)  made  to  coagulate  from 
its  ordinaiy  state  of  solution  by  the  agency  of  heat ;  and  the  precipitate 
thrown  down  by  the  addition  of  a  small  quantity  of  alcohol,  is  readily 
dissolved  again  in  water.  The  most  characteristic  distinctions  between 
Albumen  and  Casein,  however,  are  afforded  by  the  peculiar  action  of  the 

completely  desiccated,  the  bodies  of  these  animals  might  be  exposed  to  a  heat  of  250°,  without 
the  destruction  of  their  vitality.    See  "  Principles  of  Pliys.,  Ocn.  and  Comp.,"  §  65. 

*  See  his  "  l-'amiliar  Letters  on  Chemistry,"  pp.  437  and  451, 

+  See  the  Memoir  of  Dr.  Panum,  hereafter  cited. 
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lactic  and  acetic  acids,  and  of  tlie  "  rennet "  of  the  calf  s  stomach,  upon 
the  latter;  for  Casein  is  very  readily  precipitated  by  those  acids,  although 
they  do  not  form  combinations  with  it,  and  it  is  made  to  coagulate  by 
contact  with  an  excessively  small  portion  of  rennet;  whilst  neither  of 
these  reagents  has  any  effect  upon  ordinary  Albumen.* — The  analyses 
given  by  different  chemists  of  the  ultimate  composition  of  Casein,  differ 
quite  as  much  from  each  other,  in  regard  to  the  proportions  of  Oxygen, 
Hydi'ogen,  Carbon  and  Nitrogen,  which  it  contains,  as  they  do  from  the 
analyses  of  Albumen  already  cited ;  and  the  only  positive  diversity  between 
the  two  substances,  that  can  be  detected  by  ultimate  analysis,  seems  to  be 
in  the  absence  of  phosphorus  from  casein,  and  in  the  smaller  proportion 
of  sulphur  which  it  includes. — Casein,  like  albumen,  never  occurs  in 
nature  in  an  isolated  form,  but  is  intimately  blended  with  other  sub- 
stances ;  and  it  is  specially  remarkable  for  the  qiiantity  of  Phosphate  of 
Lime  which  is  incorporated  with  it,  as  much  as  6  per  cent  of  this  earthy 
salt  being  usually  obtainable  from  it. — It  is  in  the  milk  of  the  Mamma- 
lian female,  that  we  meet  with  Casein  in  the  greatest  abundance ;  and  it 
must  bo  formed  in  that  secretion  either  from  the  albumen  of  her  blood, 
or  at  tlie  expense  of  her  solid  tissues.  When  introduced  as  food  into  the 
stomach  of  her  offspring,  it  is  there  completely  coagulated,  and  seems  to 
be  reduced  back  in  the  digestive  process  to  the  condition  of  Albumen,  as 
it  also  is  when  used  as  food  in  its  coagidated  state  by  the  adult.  Casein 
has  been  obtained  in  considerable  quantity  from  the  blood  of  puei-peral 
women,  in  whom  the  secretion  of  milk  has  been  checked;  bxit  it  seems 
doubtful  if  true  casein  is  ever  a  normal  constituent  of  the  blood.  Various 
experimenters  have  affirmed  its  presence ;  but  their  results  do  not  for  the 
most  part  seem  trustworthy,  since  they  are  invalidated  by  certain  fallacies 
which  have  been  pointed  out  by  Prof  Lehraann  (Op.  cit.  vol.  i.  p.  380). 
The  existence  of  Casein  in  ordinaiy  blood-serum  has  been  more  recently 
affirmed  by  Dr.  Panum;  but  his  experiments  are  scarcely  satisfactory, 
since  it  appears  by  no  means  impossible  that  what  he  represents  to  be 
Casein  may  be  nothing  else  than  the  neutral  albuminate  of  soda  (§  20), 
which  is  precipitated,  as  we  have  seen,  by  the  addition  of  water,  and  which 
may  also  be  thrown  down  by  acetic  acid.t — It  is  interesting  to  remark, 

*  It  is  shown  by  Prof.  Letmann,  however,  that  under  certain  circumstances  Albumen  may 
be  precipitated  by  acetic  acid  ;  and  that  even  the  rennet-test  is  liable  to  fallacies.  It  is  very 
commonly  supposed  that  the  coagulation  of  Casein  in  milk,  when  treated  with  rennet,  is  due 
to  the  action  of  rennet  as  a  ferment  upon  the  sugar  of  milk,  the  lactic  acid  thus  formed  being 
the  real  precipitant  of  the  casein.  The  experiments  cited  by  Prof.  Lehmann,  however, 
render  it  probable  that  the  action  of  rennet  upon  casein  does  not  recjuire  the  intermediation 
of  lactic  acid.    (Op.  cit.  pp.  375-381.) 

f  It  has  been  ascertained  by  Dr.  Panum,  that  pure  Casein  from  milk  is  readilj'  soluble  in 
water  containing  a  certain  quantity  of  phosphate  of  soda,  but  is  precipitated  when  this 
solution  is  too  much  diluted ;  and  this  fact  he  applies  to  the  explanation  of  the  turbidity 
which  he  has  foimd  to  be  frequently  produced  in  ordinary  blood-serum  by  tiie  addition  of 
acetic  acid,  or  by  dilution  with  water,  or  by  both  means  combined ;  this  reaction  being 
supposed  by  him  to  take  place  under  the  following  conditions. — The  (supposed)  Casern, 
united  with  soda,  is  held  in  solution  by  the  salts  which  are  present,  especially  phosphate  of 
soda;  if  its  quality  be  very  large,  the  solvent  power  of  the  salts  is  sufficiently  weakened  by 
the  addition  of  water  to  occasion  its  precipitation  ;  and  the  addition  of  acetic  acid,  without 
dilution,  will  produce  the  same  effect  by  withdrawing  its  soda;  but  if  its  quantity  be  smaller, 
its  precipitation  can  only  be  accomplished  by  the  dilution  of  the  solution,  and  tllc  addition  of 
acetic  acid,  conjointly.  —  See  Dr.  Panum's  Memoir  in  the  "  Bibliothek  for  La3ger  "  for  Jan. 
1830,  and  the  "  London  Journal  of  Medicine,"  July,  1850. 
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lowever,  that  from  the  later  inquiries  of  Prof.  Lehmann,  it  seems  by  no 
1  iieans  improbable  that  the  Vitellin,  which  forms  the  albuminous  body  of 
i,  he  yolk  of  the  egg,  and  which  has  been  described  as  a  peculiar  compound 
1.  utermediate  between  albumen  and  fibrin,  is  in  reality  a  mixture  of  Albii- 
aeu  with  Caseiu.    "The  amorphous  dark  granules  of  the  yolk,"  he  says, 
'■  ai-e  pm-e  caseiu  free  from  alkali,  which,  like  ordinary  casein,  is  rich  in 
)hosphate  of  lime;  while  in  the  proper  intercellular  fluid  of  the  yolk, 
here  is  no  casein,  but  merely  dissolved  albumen  poor  in  alkali."  On 
hakiug  fresh  yolk  with  ether  and  water,  there  is  formed  under  the  yellow 
atty  stratum  of  ether,  a  white  and  somewhat  viscid  mass,  which  has  been 
;  nistaken  for  Vitellin  coagula,ted  by  ether ;  but  if  this  substance  be  care- 
fully separated  by  filtration  and  washing,  it  is  found  to  bear  a  perfect 
-•esemblance  to  pure  casein,  answering  to  all  the  casein-tests  (including 
hat  of  rennet),  and  merely  containing  additionally  a  little  albumen  poor 
u  salts.* 

23.  Nearly  allied  to  Albumen,  and  differing  from  it  rather  in  its  phy- 
iological  than  in  its  chemical  relations,  is  another  substance  which  is 
argely  present  in  the  Human  body ;  namely  Globulin.  This  is  one  of  the 
;oustituents  of  the  red  blood-corpuscles,  and  is  also  found  in  the  peculiar 
;ells  of  the  crystalline  lens;  and  is  probably  to  be  regarded  as  albumen 

'iiomewhat  changed  by  the  peculiar  action  of  these  bodies.    It  cannot  be 
■;ertaiuly  shown  to  differ  from  Albumen  in  ultimate  composition,  except 
.  hat  (like  Casein)  it  contains  no  phosphorus;  but  it  is  not  coagulated  by 
leat  with  nearly  the  same  facility,  whilst,  on  the  other  hand,  it  is  readily 
r precipitated  by  acetic  acid.    In  these  respects.  Globulin  may  be  con- 
lidered  as  intermediate  between  Albumen  and  Casein;  and  it  seems 
i  "oi-ther  to  correspond  with  the  latter  substance^  i^  being  quite  insoluble 
i  n  water  when  detached  ft'om  all  its  combinations,  being  only  held  in 
•'jolution  by  imion  with  an  alkali,  or  by  the  presence  of  phosphate  of  soda. 
i[n  its  coagulated  state,  it  cannot  be  distinguished  from  other  j)i"otein- 
;ompounds.     The  quantity  of  saline  matter  usually  combined  with  glo- 
ouhn  seems  to  be  small ;  the  soluble  salts  amounting  to  about  1  -5  per 
3ent.  and  the  phosphate  of  lime  to  no  more  than  0-25  per  cent. 

24.  The  substance  known  as  Fibrin  is  almost  as  closely  accordant  with 
Albumen,  as  are  the  foregoing,  in  regard  to  its  ultimate  composition  and 
its  pui-ely  chemical  relations;  but  it  differs  widely  in  its  physiological 
characters,  which  are  such  as  distinctly  indicate  that  it  possesses  proper- 
ties of  a  different  nature  from  its  chemical  and  physical  attributes,  and 
deserving  to  be  ranked  as  vital.  Neither  Albumen,  nor  any  other  of  the 
protein-compounds  abeady  described,  presents  the  slightest  tendency  to 
pass  spontaneously  into  any  condition  that  presents  the  least  trace  of 
organization ;  the  masses  formed  by  their  coagulation,  in  whatever  way 
this  may  have  been  brought  about,  being  mere  aggregations  of  amorphous 
particles,  entirely  destitute  of  structure.  But  it  is  the  characteristic  pro- 
perty of  Fibrin,  that  although  existing  in  solution  in  certain  animal  fluids, 
so  long  as  they  are  coutained  within  the  living  vessels,  it  tends  to  separate 
itself  in  the  solid  form,  that  is,  to  coagulate  spontaneously,  when  no  longer 
subjected  to  vital  influence,  as  when  withdrawn  from  the  living  body,  or 
when  the  Ijedy  itself  dies ;  and  further,  that  the  coagulum,  when  formed 
under  favourable  circumstances,  exhibits  a  definite  organic  structure,  of  a 

*  "  Lelirbuch  der  physiologischeu  Cheniie,"  band  ii.  p.  349. 
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very  simple  kind  indeed,  but  such  as  closely  resembles  that  of  tissue:- 
which  form  a  large  part  of  the  animal  fabric. — This  substance  is  one,  con- 
sequently, of  great  physiological  importance.    It  is  found  in  all  fluids  thuli 
are  being  applied  to  the  nutrition  of  living  tissues,  or  are  in  immediate 
preparation  for  that  purpose:  thus  it  is  one  of  the  most  characteristic 
ingredients  of  the  Blood;  it  also  presents  itself  in  Chyle  and  Lymph;  an  T 
it  is  a  component  of  all  those  exudations  which  are  designated  as  'plasti 
from  their  tendency  to  give  origin  to  new  tissues.    On  the  other  hand,  it 
is  entirely  absent  from  all  the  normal  secreted  fluids,  whether  these  ai  e 
destined  for  special  uses  within  the  body,  or  are  to  be  carried  forth  ainf 
dischai'ged  as  the  products  of  its  decay.    All  these  circumstances  seem  i 
point  very  decidedly  to  the  conclusion,  that  Fibrin  is  to  be  considered  as 
a  histogenetic  substance  in  the  act  of  conversion  into  living  tissue,  its  mole- 
cules having  a  tendency  to  assume  one  of  the  peculiai"  arrangements  whirl i 
is  characteristic  of  organization.    Whether  all  Albmninous  substanc 
however,  must  pass  through  the  condition  of  Fibrin,  before  they  can  1  • 
applied  to  the  pui-poses  of  nurtrition,  is  a  question  which  cannot  as  yet  1  ■ 
determined ;  and  it  is  safei*,  in  the  present  state  of  our  knowledge  (or  ratlin  r 
of  our  ignorance),  not  to  dogmatize  upon  the  subject. — We  shall  first  con 
sider  the  chemico-physical,  and  then  the  physiological  or  vital  properti  ^ 
of  Fibrin. 

25,  The  ultimate  composition  of  Fibrin  cannot  be  said  with  any  degi^ 
of  certainty  to  differ  from  that  of  Albumen,  as  will  be  seen  from  tlie 
following  analytical  results,  which  scarcely  differ  more  from  those  already 
given  for  Albumen,  than  they  differ  from  each  other  : — 


Scherer.  Mulder. 

Carbon  .  .  53-6  527 

Hydrogen  .  .  6"9  6"9 

Nitrogen  .  .  157  15*4 

Oxygen      ")  f  23-5 

Sulphur       [.  .  .  23-8  <j  1"2 

Phosphorus  J  (,  0  3 


100-0  100-0 


Most  of  the  later  elementary  analyses  of  Fibrin  support  the  view,  that 
there  is  rather  a  larger  quantity  of  oxygen  contained  in  it,  than  in  Albu- 
men ;  but  all  these  results  are  liable  to  fallacy,  arising  from  the  extreme 
difficulty  of  obtfiining  fibrm  in  a  perfectly  pure  state  ;*  and  it  woidd  not 
be  safe  to  rest  much  upon  them.  So  long  as  Fibrin  exists  in  solution  (as 
in  frog's  blood,  diluted  with  sugared  watei-,  and  deprived  of  its  corpuscles 
by  filtration),  it  can  scarcely  be  distinguished  from  Albumen  by  the 
effects  of  reagents  upon  it,  nearly  all  substances  which  precipitate  the 
one,  precipitating  the  other  also;  ether,  however,  is  an  exception,  for  it 
causes  fibrin  to  coagulate,  whilst  the  albumen  remains  dissolved. — In  its 
spontaneously  coagulated  state,  Fibrin  is  a  yellowish,  opaque,  fibrous 
mass,  insoluble  in  water,  alcohol,  and  ether;  it  possesses  in  this  condition 
somewhat  of  the  softness  and  elasticity  which  characterize  the  flesh  of 
animals,  and  contains  about  three-fourths  of  its  weight  of  water.  By 
drying,  this  water  may  be  expelled,  and  the  fibrin  becomes  a  hai'd  and 
brittle  substance ;  but,  like  flesh,  it"  imbibes  water  again  when  moistened, 


See  Lehniann,  op.  cit.  p.  353. 
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and  recovers  its  original  softness  and  elasticity.    Fibrin  in  this  state  is 
;  remai-kably  distingaiished  from  coagulated  Albumen,  by  its  power  of 
decomposing  the  peroxide  of  hydrogen,  on  which  albumen  has  no  effect. 
\  When  Fibrin  is  treated  with  strong  acetic  acid,  it  imbibes  the  acid,  and 
<  swells  up  into  a  transparent  colourless  jelly,  which  is  soluble  in  hot 
V  water;  this  peculiar  change  showing  a  marked  difference  between  fibrin 
and  albumen,  and  indicating  the  relationship  of  the  former  to  the  sub- 
stance  of  the  gelatigenous  tissues  (§  29).    Again,  when  treated  with  water 
acidified  with  one-tenth  part  of  hydi'ochloric  acid,  Fibrin  swells  up,  and 

■  fonns  a  gelatinous  mass,  retm-ning  to  its  original  volume  when  more  acid 
if  is  added,  and  again  swelling-up  on  the  addition  of  water,  without  any 
L  notable  proportion  of  it  being  dissolved;  in  this  respect  differing  com- 
pletely from  the  substance  of  Muscle,  which  is  readily  dissolved  by 
dilute  hydi'ochloric  acid.*    Coagulated  fibrin,  however,  may  be  converted 

.  into  a  substance  closely  resembling  albumen,  by  means  which  tend  to 
destroy  its  peculiar  molecular  arrangement.  This  change  happens, 
i:  indeed,  as  a  simple  result  of  incipient  decomposition;  for  under  exposure 
'  to  au',  and  with  the  presence  of  a  sufiicient  amount  of  water.  Fibrin  at 
;  first  dissolves  away  into  a  substance,  which,  like  albumen,  is  coagulable 
I  by  heat;  during  this  process  it  attracts  oxygen;  and  a  continuance  of 
L  the  decomposition  leads  to  the  development  of  ammonia,  carbonic  acid, 
I  butyric  acid,  and  sulphuretted  hydrogen,  and  leaves  a  residue  consisting 
[  principally  of  leucine  and  tyrosine  (§  19).  It  was  long  since  pointed  out 
I  by  Denis,t  that  spontaneously-coagulated  fibrin  may  also  be  reduced  to 
;  a  condition  closely  resembling  that  of  albumen,  by  the  action  of  nitrate  of 
;  potash  (this  action,  as  is  justly  remarked  by  Lehmann,  not  being  one 
of  mere  solution,  but  of  transformation) ;  and  it  has  been  since  ascer- 
[.  tained  by  Zimmermann,  that  vai'ious  saline  solutions  will  have  the  same 

■  effect  upon  fibrin  digested  in  them.j:    Although  there  is  much  dis- 

■  crepancy  in  the  evidence  on  this  point,  yet  on  the  whole  it  seems  that 
the  fibrin  of  venous  blood  is  thus  taken  up  more  readily  than  the  fibrin 
of  arterial  blood,  or  than  fibrin  which  has  been  exposed  for  some  time  to 

I  the  ah';  and  that  exposm'e  to  the  air  has  the  effect  of  precipating  the 
i  dissolved  protein-compound  in  fine  flocks ;  thus  indicating  that  arterial 
fibrin  is  in  a  state  of  higher  oxidation  than  venous  fibrin,  and  is  further 
removed  from  the  state  of  albumen.    The  solution  thus  obtained  coagu- 
lates in  flakes  at  the  temperature  of  about  162°;  but  it  differs  from 
'  an  albuminous  solution  in  being  strongly  precipitated  by  acetic  acid; 
^  whilst,  on  the  other  hand,  it  is  not  coagulated  by  ether,  as  is  true  fibrin 
i  in  solution. — When  Fibrin  is  boiled,  moreover,  it  is  converted  into  a 
'  substance  which  can  scarcely  be  distinguished  chemically  from  coagulated 
albumen;  and  this  operation  prevents  it  from  being  converted  into  a 
soluble  albumen-like  substance  by  digestion  in  saline  solutions.  By 
continued  boiling,  however,  with  free  exposm'e  to  the  air,  its  character  is 
further  changed ;  and  it  is  converted  into  the  substance  termed  by  Mulder 
tritoxide  of  protein  (§  29),  which  may  also  be  obtained  by  treating  albu- 
men in  the  same  manner. — Thus  all  the  means  which  tend  to  bring  back 

*  See  Prof.  Liebig's  important  Memoir  on  the  distinction  between  the  Fibrin  of  the  Blood 
and  that  of  Mus^cle,  in  the  "  Annalen  der  Chemie  und  Pharmacie,"  Band  Ixxiii. 
T  •'  Arch.  gen.  de  Med.,"  liieme  Ser.  tom.  i.  p.  171. 
+  "  Casper's  Wochensclirift,"  No.  aO,  1»43. 
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Fibrin  to  the  condition  of  a  mere  chemical  compound,  by  destroying  that 
pecnliai"  molecular  arrangement  which  its  particles  have  acquired,  tends 
to  reproduce  in  it  the  properties  of  ordinaiy  Albumen.  Like  Albumen, 
moreover.  Fibrin  is  always  in  a  state  of  intimate  union  with  fatty  sub- 
stances; about  2\  per  cent  of  these  being  usually  associated  with  it. 
Mineral  substances,  esj^ecially  phosphate  of  lime,  also  present  themselves 
in  its  ash ;  but  usually  in  smaller  proportion  than  in  that  of  albumen. 

26.  The  process  of  solidification  of  Fibrin,  as  ordinarily  seen  in  the 
coagulation  of  the  Blood  when  drawn  from  the  vessels  of  the  living  body, 
is  somewhat  complicated  by  the  presence  of  the  corpuscles  which  ai'C 
floating  in  the  fibrinous  fluid ;  and  it  can  be  better  watched  when  these 
corpuscles  have  been  separated  from  it,  either  by  filtration,  or  by  sub- 
sidence. Thus  when  the  coagulation  takes  place  at  an  rmusually  long 
interval  after  the  blood  has  been  drawn  (as  commonly  happens  in  the 
case  of  inflammatory  blood)  the  red  corpuscles  sink  towards  the  bottom, 
in  virtue  of  their  higher  specific  gravity,  and  the  fibrinous  fluid  is  left 
free  from  them;  and  the  same  end  may  be  obtained  by  covering  the 
blood  witli  a  layer  of  oil,  which,  by  excluding  the  atmosphere,  retards  its. 
coagulation ;  or  by  treating  it  with  dilute  solutions  of  alkaline  sulphates, 
nitrates,  &c.  which  have  a  similar  retarding  effect.  The  first  indication 
of  the  approaching  change,  as  seen  with  the  microscope  in  a  thin  film, 
consists  in  the  appearance  of  minute  molecular  points,  which  are  scat- , 
tered  over  the  field ;  and  from  these  speedily  aiise  fine  thread-like  pro- 
longations, which  radiate  irregularly  fi:'om  them,  crossing  those  that  arise 
from  other  centres,  and  at  last  covering  the  whole  field  of  view  as  with  a 
delicate  but  somewhat  irregular  cobweb.  This  fihrillation  seems  to  bear 
a  certain  analogy  to  ciystallization,  being  the  result  of  forces  which  tend 
to  withdraw  the  solid  particles  from  their  state  of  solution  in  the  liquid, 
and  to  bring  them  together  in  a  certain  definite  mode  of  aggTCgation; 
and  there  are  certain  peculiarities  in  the  process,  which  to  some  extent 
bear  out  this  analogy.  Thus,  just  as  crystals  will  form  around  a 
nucleus  of  the  same  kind,  from  a  solution  which  would  not  otherwise 
have  deposited  them,  so  will  a  fibrinous  coagulum  often  separate  from  a 
serous  fluid,  and  form  around  a  piece  of  washed  clot  of  blood,  or  of  the 
buffy  coat,  or  of  muscle  or  some  other  animal  tissue  placed  in  it,  although 
the  fluid  (such  as  that  of  hydrocele)  would  not  have  otherwise  shown  any 
disposition  to  coagulate.*  It  is  to  be  remembered,  however,  that  the 
processes  of  crystallization  and  fibrillation  cannot  be  more  closely  likened, 
either  in  their  conditions  or  in  their  results ;  for  the  latter  occurs  only  in 
a  substance  which  has  been  removed  by  vital  action  from  the  category 
of  ordinary  chemical  compoimds,  and  it  produces  a  distinctly  organk 
form ;  whilst  in  crystallization  we  have  a  typical  example  of  the  exertion 
of  the  pxn-ely  physical  forces,  tending  to  produce  a  perfectly  symmetrical 
and  homogeneous  body,  whose  shape  is  characteristically  that  of  inorganic 
or  mineral  substances. 

27.  The  degree  of  regidarity  with  which  this  fibrillation  takes  place, 
and  the  completeness  of  the  fibres  which  are  formed  by  it,  seem  to  depend 

*  Such  appears  to  the  Author  to  be  the  true  view  of  the  results  of  the  interesting  experi- 
ments of  Prof.  Buchanan  of  Glasgow;  for  an  account  of  which  see  the  "  Proceedings  of  the 
Glasgow  Philosophical  Society  "  for  1845,  and  the  "  Medical  Gazette  "  for  1836,  pp.  52  and 
90,  and  for  1845,  p.  617,  et  seq. 
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Fig.  2. 


especially  upon  two  conditions, — 1st,  the  degree  of  previous  elaboration 
to  which  the  fibrin  has  been  subjected, — and  2nd,  the  properties  of  the 
siuiace  on  which  it  takes  place.  Thus  we  find  the  coagulum  of  some 
specimens  of  blood  to  be  much  firmer,  and  its  fibrous  structure  to  be 
more  distinct,  than  that  of  others ;  the  fibrillation  of  the  fibrinous  fluid  of 
inflammatory  blood  is  usually  more  complete  than  that  of  ordinary  blood ; 
imd  that  of  the  fluid  of  plastic  exudations,  formerly  known  as  '  coagulable 
lymph,'  is  still  more  distinct.  But  further,  the  fibrillation  takes  place  far 
more  perfectly 'when  the  fibrinous  fluid  is  effused  on  a  living  surface,  than 
when  it  is  spread  out  over  dead  matter ;  and  thus  it  happens  that  fibrinous 
effusions  are  much  more  completely  converted  into  fibrous  tissue  within 
the  hving  body,  and  in  immediate  contact  with  living  tissue,  than  they 
ever  are  when  removed  fi'om  it.  A  marked  difference  may  be  observed 
in  this  respect,  between  the  superficial  and  the  central  portions  of  a 
blood-clot  which  has  been  effiised  in  the  substance  of  the  living  solids ; 
for  it  is  always  in  the  former,  that  the  organizing  process  is  most 
advanced,  a  firm  and  distinct  fibrous  membrane  being  often  found  on  the 
exterior  of  such  clots,  whilst  their  interior  is  soft  and  amorphous.'^  Gene- 
rally speaking,  the  fibrillation  is  more  perfect,  the  more  slowly  it  takes 
place ;  and  the  higher  the  previous  vitalization  of  the  fibrine,  the  longer  is 
it  before  it  changes  its  state.  Thus  the  coagulation  of  sthenic  inflamma- 
tory blood,  which  produces  a  clot  of  remarkable  firmness,  is  much  longer 
in  taking  place  than  the  coagulation 
of  ordinary  blood ;  whilst  the  coagu- 
lation of  the  blood  of  cachectic  sub- 
jects, which  takes  place  very  rapidly, 
is  feeble  and  imperfect.  The  plastic 
effusions  poured  out  from  the  blood 
in  these  two  opposite  conditions,  par- 
take of  the  character  of  the  blood  it- 
self ;  those  of  the  inflammatory  blood 
of  a  previously  healthy  subject  being- 
converted  into  fibrous  membranes  of 
considerable  firmness  (Fig.  2),  which 
are  subsequently  penetrated  by  blood- 
vessels, and  become  regularly  organ- 
ized tissues  ;  whilst  those  proceeding  Fibrous  structure  of  inflammatory  exudation 
from  the  blood  of  cachectic  subjects   ^""^  Peritoneum. 

frequently  undergo  a  certain  degree  of  organization  with  great  rapidity, 
but  do  not  go  on  to  the  same  perfection,  and  speedily  degeneratc.f 

28.  One  of  the  most  remarkable  examples  of  the  consolidation  of  a 
fibrinous  exudation  into  a  regular  fibrous  tissue  (which,  however,  never 
becomes  vasculai'),  is  afforded  by  the  membrane  adherent  to  the  interior 
of  the  egg-shell  (membrana  putaminis),  and  also  by  that  which  forms  the 
basis  of  the  egg-shell  itself  (Fig.  3).    Between  the  two,  there  is  no  essen- 

*  See  Dr.  G.  Burrows,  in  "Medical  Gazette,"  1835  ;  and  Mr.  Prescott  Hewett  in 
"Medico-Chirurg.  Trans."  184.5.  '  ' 

t  See  especially  Mr.  Dalrymple's  Memoirs  "  On  the  rapid  organization  of  Lymph  in 
Cachexia,"  in  the  "  Med.  Chir.  T  rans."  vol.  xxiii. ;  and  "  On  tlie  early  organization  of 
coagula  and  mixed  fibrinous  effusions  under  certain  conditions  of  the  system  "  Op  cit 
vol.  xxvii.  '       1  •  • 
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tial  difference ;  as  may  be  seen  by  examining  "  an  egg  without  shell,"  as  it 
is  commonly  termed  (or  rather  one  in  which  the  shell-membrane  has  not 
been  consolidated  by  the  deposition  of  calcareous  matter) ;  or  by  treating 
the  egg-shell  with  dilute  acid,  so  as  to  remove  the  particles  of  carbonate  of 
3  lime,  which  are  deposited  in  the  interstices 

of  the  network.  The  place  of  the  shell  is 
rS--W''/:>"<*!A.-\'s  y]  then  found  to  be  occupied  by  a  membrane 
\  of  considerable  firmness,  closely  resembling 
I  that  which  lines  the  shell  and  surrounds 
j  the  albumen  of  the  egg,  but  thicker  and 
I  more  spongy.  After  maceration  for  a  few 
•  days,  either  of  these  membranes  may  be 
;  separated  into  a  n^imber  of  laminte ;  each 
I  of  which  (if  sufficiently  thin)  will  show  a 
_         ,   _  I     beautifid  arrangement  of  reticulated  fibres. 

It  is  impossible  to  refuse  to  such  a  stmc- 

Fibrous  membrane  from  the  Egg-shell.    ,         .i      j     -  n  •7j- 

ture  the  desig-nation  oi  an  organized  tissue, 
although  it  contains  no  vessels,  and  must  be  formed  by  the  simple  con- 
solidation of  a  fibrinous  exudation,  poured  out  from  the  lining  membrane 
of  the  oviduct  of  the  bird,  so  as  to  invest  and  inclose  the  albuminoiis 
exudations  which  have  been  previously  pom-ed  out,  layer  by  layer,  around 
the  yolk-bag.  It  is  probably  in  the  same  manner,  that  the  Chorion  of 
the  Manimiferous  animal  originates;  since  this  is  a  new  envelope,  formed 
around  the  ovum,  during  its  passage  along  the  Fallopian  tube.  In  the 
latter,  for  an  ulterior  pm-pose,  vessels  are  afterwards  developed,  by  ex- 
tension from  the  contained  ovum ;  and  by  the  nutrition  they  supply,  its 
size  is  increased,  and  changes  talce  place  in  its  texture.  But  in  the  egg- 
membrane  of  the  Bird,  there  is  no  need  of  vessels;  because  no  subsequent 
change  in  its  texture  is  required,  and  its  duration  is  sufficient  for  the 
purpose  it  has  to  answer. 

29.  Thus,  then,  we  are  led  to  regard  the  fibrillation  of  Fibrin  as  a 
process  quite  different  from  the  coagulation  of  Albumen  or  Casein;  and 
to  consider  it  as  an  expression  or  manifestation  of  the  vital  force  with 
which  the  former  has  been  endowed,  during  that  Assimilation  of  the  crude 
material  furnished  by  the  latter,  which  seems  to  be  the  first  step  in  its 
conversion  into  living  tissue.  And  this  view  is  confirmed  by  many  facts, 
which  will  be  more  apj)ropriately  stated  when  the  Blood  is  tmder  con- 
sideration (chap.  IV.),  and  which  show  that  the  condition  of  the  Fibrin 
in  that  fluid  is  intimately  related  to  the  vital  powers  of  the  system  at 
large.  When  this  fibrillation  takes  place  out  of  the  bodj'^,  it  may  probably 
be  regarded  as  the  ultimate  manifestation  of  the  vitality  of  the  Fibrin, 
which  is  expended  in  producing  it;  and  thus  it  happens  that  the  fibrinous 
coagulum  passes  into  decomposition,  without  attaining  any  higher  grade 
of  development.  But  when  it  takes  place  in  contact  with  a  living  sm-flice, 
the  exuded  material,  continuing  to  receive  vital  influence  from  this,  and 
becoming  penetrated  by  fresh  blood  conveyed  in  vessels  that  extend  them- 
selves into  it,  gradually  passes  into  a  state  of  more  complete  organization, 
and  is  at  last  developed  into  the  condition  of  a  living  tissue.  It  is  an 
obvious  error,  therefore,  to  speak  of  the  act  of  coagidation  as  an  indication 
of  the  death  of  the  Fibrin,  since  it  is  only  so  when  the  isolation  of  the 
substance  prevents  its  vital  force,  which  has  been  thus  expended,  from  being 
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renewed;  whilst,  on  the  other  hand,  when  the  coagulation  takes  place 
under  more  favoiu-able  circumstances,  it  is  simply  the  transition-stage 
between  the  existence  of  the  fibrin  in  the  liquid  state  and  its  existence  as 
a  part  of  the  solid  fabric,  and  must  thus  be  regarded  as  a  stage  in  its  pro- 
gress towai'ds  complete  organization. — We  are  scarcely  warranted,  how- 
ever, in  hence  inferring  that  Fibrin  is  the  iKihxdum,  at  the  expense  of 
which  all  the  tissues  are  nourished.  A  very  marked  chemical  line  of 
distinction  seems  to  separate  the  simply  fibrous  from  the  proper  cellulao' 
tissues,  for  the  former  are  gelatinous  in  their  composition,  whilst  the  latter 
are  albuminous;  and  it  has  been  recently  asserted  by  Prof.  Liebig,  that 
fibrin,  considered  chemically,  is  in  some  respects  intermediate  between 
these  two  classes  of  compounds.*  Further,  it  appears  from  Mr.  Paget's 
observations  on  inflammatory  eflusions,t  that  the  development  of  cells  and 
the  j)roduction  fibres  do  not  take  place  with  equal  readiness  in  the  same 
effusion ;  but  that  the  condition  of  the  plastic  fluid  which  is  favourable  to 
the  one,  is  unfavourable  to  the  other.  It  may  be  surmised,  then,  that  the 
peculiar  vital  powers  with  which  the  fibrin  is  endowed,  give  it  a  special 
tendency  to  development  into  tissues  of  the  fibro-gelatinous  type,  which 
may  thus  be  almost  said  to  be  pre-formed  in  the  blood ;  whilst  the  tissues 
of  the  cellido-albuminous  type  develope  themselves  at  the  expense  of  some 
other  element  of  the  blood,  possibly  the  globulin  of  the  floating  corpuscles. 
But  nothing  certain  can  be  stated  on  this  subject.:}; 

30.  The  prolonged  action  of  boiling  water,  with  free  access  of  air,  upon 
Albumen  and  Fibrin,  gives  rise  to  changes  in  their  condition,  and  pro- 
bably also  in  their  composition,  which  indicate  a  transition  towards  the 
gelatinous  type.  When  Fibrin  is  thus  treated,  two  new  substances  are 
produced,  one  of  which  is  taken  up  by  the  water,  whilst  the  other  remains 
insoluble ;  the  former  is  spoken  of  by  Mulder  as  a  tritoxide  of  protein,  and 
the  latter  as  a  binoxide;  but  the  propriety  of  these  designations  is  ex- 
tremely doubtful.  When  Albumen  is  thus  treated,  only  the  (so-called) 
tritoxide  is  produced;  and  the  insoluble  residue  is  still  albumen.  What- 

*  Prof.  Liebig  speaks  of  the  fibrin  of  blood  as  "perhaps  albumen  half  converted  into 
gelatine."    "  Familiar  Letters,"  p.  40. 

f  See  his  "  Lectures  on  Inflammation,"  in  the  "  Medical  Gazette,"  1 850,  vol.  xlv.  p.  1012. 

+  It  might  be  thought  that  some  notice  is  here  required,  of  the  hypothesis  put  forth  by  Dr. 
Zimmerman,  and  espoused  by  Mr.  Simon  and  some  other  pathologists  in  this  country,  that  the 
Fibrin  of  the  blood  is  one  of  those  elements  of  the  circulating  fluid  "  which  have  arisen  in  it 
from  its  own  decay,  or  have  reverted  to  it  from  the  waste  of  the  tissues,"  instead  of  being,  as 
represented  above,  "  that  ingredient  of  the  blood,  which,  in  the  ascending  scale  of  develop- 
ment, stands  next  for  appropriation  into  the  living  textures  of  the  body,  and  which  represents 
the  ripeness  and  perfection  and  nutritiveness  of  the  blood."  (See  Mr.  Simon's  "  Lectures  on 
General  Pathology,"  p.  SO).  This  doctrine  seems  to  the  Author  to  be  completely  opposed  by 
the  whole  physiological  history  of  Fibrin,  and  more  particularly  by  the  gradual  development 
of  this  ingredient  in  chyle,  during  its  onward  progress  towards  tlie  sanguiferous  system; 
whilst,  again,  it  seems  to  be  entirely  negatived  by  a  comparison  of  the  condition  of  fibrin 
with  that  of  the  lnoivn  products  of  tho- disintegration  of  the  tissues,  such  as  urea  or  creatine, 
m  which  we  see  a  marked  tendency  to  the  reproduction  of  purely  physical  and  chemical 
conditions  (and  this  pre-eminently  in  their  crystalline  aggregation),  to  the  efxclusion  of  those 
of  vitality.  We  shall  see  that  these  last,  although  we  know  that  they  must  be  continually 
passing  through  the  blood,  are  eliminated  from  it  with  such  jealous  care,  that,  in  the  liealthy 
state,  they  scarcely  accumulate  in  sufficient  amount  to  be  detectable;  it  is  scarcely  conceive- 
able,  therefore,  that  fibrin,  if  a  product  of  disintegration,  on  its  way  out  of  the  system,  slionld 
accumulate  in  the  blood  to  the  extent  of  between  2  and  3  parts  in  1000. — For  an  examination 
of  the  objections  brought  by  Mr.  Simon  against  the  commonly-received  view,  the  reader  is 
referred  to  the  "  Brit,  and  For.  Med.  Chir.  Rev."  vol.  vii.  p.  473. 
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ever  may  be  the  real  composition  of  these  substances,  their  presence  in 
the  living  body,  and  their  artificial  production  from  the  protein-com- 
pounds, give  them  an  undubitable  importance. — The  tritoxide  of  j)rotein 
is,  like  gelatin,  readily  soluble  in  water,  and  is  insoluble  in  alcohol  and 
ether;  it  is  precipitated  from  its  solution  by  dilute  mineral  acids,  chlo- 
rine-water, tannic  acid,  corrosive  sublimate,  and  most  of  the  salts  of  the 
metallic  oxides;  but  it  is  not  thrown  down  by  dilute  acetic  acid,  by  neu- 
tral alkaline  salts,  nor  by  that  very  delicate  test  for  the  ordinary  protein- 
compounds  (§  18),  ferrocyanide  of  potassium.  When  dried,  it  is  easily 
pulverizable ;  but  when  moist,  it  is  tough,  viscid,  and  capable  of  being 
drawn  out  in  threads ;  and  when  warmed,  it  has  an  odour  resembliug  that 
of  gelatin.  It  is  probable  that  a  small  quantity  of  this  substance  always 
exists  among  the  'extractive  matters'  of  the  Blood;  but  it  may  be  ob- 
tained in  considerable  amount  from  the  '  buffy  coat '  of  inflammatoiy 
blood ;  and  when  its  presence  was  first  detected  there,  it  was  mistaken  for 
gelatin,  so  similar  are  its  properties.  According  to  Muldei',  it  is  chemi- 
cally identical  with  the  substance  termed  ^:>?/m,  which  was  discovered  by 
Gliterbock  in  pus;  and  it  is  a  very  significant  fact,  that  the  basis  of  false 
membranes,  and  that  of  tlie  skin  of  the  footus,  both  of  them  being  fibrous 
tissues  in  an  incipient  grade  of  formation,  have  been  considered  to  bear  a 
closer  resemblance  to  p}'in  than  to  any  other  organic  compound.  It  may 
be  anticipated,  then,  that  more  accurate  investigations  in  regard  to  the 
composition  and  physiological  relations  of  this  substance,  may  help  to 
bridge-over  the  hiatus  which  at  present  exists  between  the  albuminous 
and  gelatinous  compounds. — The  undissolved  residue  left  when  fibrin  has 
been  boiled  for  some  time,  to  which  the  name  of  hinoxide  of  2^votein  has 
been  given,  is  soluble  in  dilute  acetic,  hydrochloric,  nitric  and  sulphuiic 
acids,  and  also  in  potash  and  ammonia,  and  it  is  precipitated  from  its  acid 
solutions  by  ferrocyanide  of  potassium  and  acetate  of  lead;  in  these 
respects,  therefore,  agreeing  with  the  protein-compounds.  This  substance 
also  seems  to  exist  in  the  buffy  coat  of  the  blood,  and  perhaps  too  in 
healthy  blood ;  but  the  chief  interest  attaching  to  it  arises  from  the  fact, 
that  a  substance  apparently  identical  may  be  obtained  from  Hair,  by  dis- 
solving this  in  potash,  adding  a  little  acetic  acid  to  throw  down  the 
protein,  and  then  adding  a  larger  quantity  of  the  acid,  which  throws  down 
the  binoxide  of  protein  as  a  bright  yellow  precipitate. 

31.  Although  differing  considerably  from  the  protein  compounds  in  its 
chemical  constitution,  the  Hcematin,  which  forms  the  colom'ing  portion  of 
the  contents  of  the  red  corpuscles  of  the  blood,  will  be  here  most  appro- 
priately noticed;  being  obviously  a  derivative  from  albumen,  and  being 
not  improbably  in  jjrogress  of  preparation  to  bear  a  part  in  the  compo- 
sition of  higher  tissues.  Hsematin  is  so  intimately  imited  with  the 
Globulin  of  the  red  corpuscles  (§  23),  that  the  two  substances  can  only  be 
separated  after  their  solidification ;  what  i»  said  of  its  properties,  therefore, 
refers  only  to  its  coagulated  state.  It  constitutes,  when  di-ied,  a  dark 
brown,  slightly  lustrous  mass,  which  is  devoid  of  taste  and  smell,  and  is 
insoluble  in  water,  alcohol,  and  ether ;  it  is  readily  dissolved,  however,  by 
weak  alcohol  to  which  sulphm-ic  or  hydrochloric  acid  has  been  added,  and 
forms  a  brown  solution,  which,  on  saturation  with  an  alkali,  yields  a 
blood-red  colour.  "Water  acidulated  with  the  same  acids,  exerts  no  solvent 
power  on  htematin;  but  very  dilute  solutions  of  the  caustic  alkalies  or 
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tlieiv  carbonates,  either  in  water  or  in  alcohol,  dissolve  hfcmatin  in  almost 
every  proportion.  In  ultimate  composition,  Hasmatin  departs  widely 
from  either  the  albuminous  or  the  gelatinous  type,  and  is  remarkable  for 
containing  a  considerable  proportion  of  iron ;  as  is  seen  by  the  following 
statement  founded  upon  Mulder's  analyses  : — 

Carbon          .          .          .  65*3 

Hydrogen      ...  S'4 

Nitrogen        .          .          .  10"4 

Oxygen         .          .           .  1 1  '9 

Iron  ....  7"0 

lflO-0 

Much  controversy  has  taken  place  regarding  the  condition  in  which  the 
Iron  exists  in  Hsematinj  and  the  question  cannot  be  regarded  as  yet 
satisfactorily  determined.  This  much,  however,  is  certain;  that  the  red 
colom"  is  not  due,  as  has  been  commonly  supposed,  to  the  presence  of 
u"onj  since  it  has  been  clearly  shown  by  Scherer,  Sanson,  and  Mulder, 
that  the  iron  may  be  abstracted  from  this  red  pigment,  by  the  agency  of 
acids,  without  in  the  least  degree  aifecting  its  colour. — Of  the  mode  in 
which  Heematin  is  generated,  and  of  its  office  in  the  animal  economy,  we 
are  at  present  completely  ignorant.  It  would  appear  to  be  formed  by 
the  agency  of  the  blood-cells,  at  the  expense  of  the  components  of  the 
fluid  in  which  they  float ;  and  it  is  considered  probable  by  Lehmann, 
that  in  this  metamorphosis  fatty  matter  takes  an  essential  part.  Hsematin 
does  not  present  itself  normally  anywhere  else  than  in  the  red  corpuscles ; 
and  although  there  appears  some  reason  to  believe  that  these  are  specially 
connected  with  the  activity  of  the  respiratory  process  (§  147),  yet  no 
direct  evidence  has  yet  been  obtained  as  to  the  mode  in  which  they 
minister  to  it*  The  colour  of  muscular  tissue  seems  to  be  dependent, 
not  merely  upon  the  blood  which  circulates  through  it,  but  also  upon  the 
contents  of  its  tubular  fibres ;  so  also  does  the  hue  of  the  vesicular  element 
of  nervous  tissue  depend  partly  upon  the  pigmentary  matter  contained 
within  its  cells.  It  does  not  seem,  then,  to  be  an  unreasonable  surmise, 
that  the  heematin  of  the  blood-corpuscles  is  a  substance  which  is  being 
prepared  by  them  for  the  nutrition  of  these  tissues ;  and  this  idea  is  con- 
finned  by  the  special  relation  which  seems  to  exist,  between  the  presence 
of  a  large  proportion  of  coi-puscles  in  the  blood,  and  the  nervo-muscular 
power  of  the  animal  (§  147). — Nearly  allied  to  hsematin  is  a  substance  to 
which  the  term  Ucematoidin  has  been  given,  and  which  may  be  regarded 
with  probal)ility  as  hcematin  in  a  state  of  retrograde  metamorphosis. 
This  is  found  in  sanguineous  effusions,  such  as  those  in  the  substance  of 
the  brain  or  skin,  or  those  produced  by  the  bursting  of  the  Graafian 
follicles  for  the  extrusion  of  the  ova ;  and  it  presents  itself  most  charac- 
teristically in  the  form  of  rhombohedric  crystals,  of  a  yellowish-red  or 
ruby  colour,  although  it  frequently  occurs  in  the  amoi-phous  condition  of 
granules  and  irregular  masses.  This  substance  has  not  yet  been  obtained 
in  a  state  sufficiently  pure,  and  in  a  quantity  large  enough,  to  admit  of 

'  Tt  may,  however,  be  said  with  almost  positive  certainty,  that  the  notion  put  forth  by 
Prof.  Liebig — that  it  is  the  iroii  of  the  blood-cells  whicli  serves  as  the  carrier  of  oxygen  from 
tlic  lungs  to  the  tissues  (being  then  in  the  state  of  peroxide),  and  of  carbonic  acid  from  the 
tissues  to  the  lungs  (being  then  in  the  state  of  carbonate  of  the  protoxide), — is  not  now  held 
by  any  chemist  of  repute,  and  ought  to  be  entirely  abandoned. 
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its  being  subjected  to  a  rigid  examination;  but  it  has  been  ascertained  to 
be  insobible  in  alkalies,  and  to  behave  differently  from  hajmatin  with 
other  reagents.  Ha^matoidin  has  been  inferred  by  Virchow,  from  his 
recent  investigations,*  to  be  a  compound  of  hrematin  and  some  protein- 
substance,  the  latter  probably  forming  the  crystalline,  and  the  former  the. 
colouring  portion  of  the  compound ;  and  this  seems  the  more  likely,  since 
Reichert  has  found  an  albuminous  substance,^  in  the  form  of  tetrahedral 
crystals,  in  extravasated  blood.  It  seems  probable,  further,  that  hseraar- 
toidin  is  a  stage  of  transition  between  the  blood-pigment  and  the  colour- 
ing matters  of  the  bile,  namely,  cholepyrrhin  and  biliftilvin  (§  7 0). 

2.  Gelatinotis  Compounds. 

32.  A  large  pi'oportion,  perhaps  not  less  than  half,  of  the  tissues  of  the 
body  of  Man,  as  of  that  of  the  higher  animals  generally,  is  composed  of  a 
substance,  which,  when  these  tissues  ai'e  acted-on  by  boiling  water,  dis- 
solves in  it,  and  forms  a  jelly  on  cooling.  Some  tissues  dissolve  readily 
in  this  manner,  and  leave  scarcely  any  residue ;  whilst  others  require  a 
longer  coction,  and  a  larger  proportion  of  insoluble  matter  remains.  The 
substance  thus  obtained  from  bones,  cartilages,  tendons,  ligaments,  skin, 
mucous  and  serous  membranes,  &c.  is  known  under  the  generic  appella- 
tion of  Gelatin;  there  arc,  however,  two  forms  of  it,  one  of  which  is 
distinguished  as  glutin  or  gelatin-proiDcr,  whilst  the  other  is  known  as 
chondrin.  Although  differing  in  their  ultimate  composition  and  in  their 
behavioiu"  with  re-agents,  these  two  substances  agree  in  certain  chai'ac- 
teristic  peculiarities,  by  which  they  are  distinguished  from  the  protein- 
compo\inds.  These  are,  —  their  spai'ing  solubility  in  cold  water,  the 
contact  of  which,  however,  makes  them  swell  up  and  soften ;  their  ready 
solubility  in  hot  water,  with  the  formation  of  a  jelly  as  the  solution  cools, 
this  being  more  or  less  stiff  according  to  the  source  from  which  the 
Gelatin  has  been  obtained,  and  the  proportion  of  it  which  has  been 
dissolved ;  and  the  readiness  with  which  both  forms  are  thrown  down  by 
tannic  acid  and  chlorine-water,  whilst  they  are  unaffected  by  ferrocyanide 
of  potassium. 

33.  Glutin  is  the  form  of  gelatin  which  is  yielded  on  boiling  by  the 
White  Fibrous  tissue  wherever  it  occurs,  and  by  the  animal  basis  of  Bone, 
which  is  nearly  identical  with  this.  It  gelatinizes  so  strongly,  that  1 
part  of  it  in  100  of  water  forms  a  consistent  jelly  on  cooling.  Its  reaction 
with  tannic  acid  is  so  distinct,  that  the  white  cheesy  precipitate  which 
this  reagent  forms,  is  visible  in  a  solution  of  1  pai't  of  glutin  in  5000  of 
water.  This,  however,  is  the  only  acid  which  throws  down  glutin  from 
its  aqueous  solution;  and  alkalies  have  no  other  effect,  than  that  of 
precipitating  a  little  bone-earth.  Creosote  gives  the  solution  a  milky 
turbidity ;  but  the  only  earthy  and  metallic  salts  which  precipitate  it  are 
cori'osive  sublimate,  bichloride  of  platinum,  and  sulphate  of  binoxide  of 
platinum.  In  this  respect,  as  we  shall  presently  see,  glutin  differs  mark- 
edly from  chondi-in.  If  the  solution  of  glutin  in  hot  water  be  boiled  for 
some  time,  it  loses  the  property  of  gelatinizing,  and  at  the  same  time 
phosphate  of  lime  is  separated  from  it  (Liebig's  "  Familiar  Letters," 
p.  387,  note) ;  and  a  similar  effect  is  produced  by  repeatedly  dissolving 

•  See  "  Ann.  der  Chcni,  und  Pharm.,"  band  Ixxviii.  p.  353. 
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glutin  in  hot  water  with  exposure  to  air.  Putrefaction  takes  place  more 
readily  in  giutin  than  in  fibrin  under  similar  circumstances;  and  accord- 
ing- to  Gimnal,  the  gelatigenous  tissues  are  the  first  of  the  solid  animal 
structm-es  to  become  putrid. — Glutin  does  not  seem  to  include  phos- 
phorus as  one  of  its  necessary  components ;  and  the  quantity  of  sulphur 
which  it  contains  (about  0-50  per  cent,  according  to  Prof.  Liebig)  is 
much  smaller  than  that  which  enters  into  the  composition  of  the  Albu- 
minous substances.  But  it  aj)pears  to  form  definite  chemical  combinations 
with  phosphate  and  carbonate  of  lime,  since  in  the  substance  not  merely 
of  normal  osseous  tissue,  but  of  the  abnormal  ossifications  of  fibrous  mem- 
branes, &c.  no  such  heterogeneousiiess  is  seen,  as  would  be  produced  by  a 
mere  interstitial  admixture  of  the  organic  and  earthy  matters.  The  latter 
are  easily  separated,  however,  by  the  action  of  dilute  acids. — When  Glutin 
is  boiled  for  some  time  in  caustic  potash,  it  is  decomposed,  with  escape  of 
ammonia;  and  two  new  compoimds,  leucine  and  glycine  are  produced. 
The  formation  of  the  first  of  these  is  of  peculiar  interest ;  since,  as  the 
same  substance  is  obtainable  by  the  same  agency  ffom  the  protein-com- 
pounds (§  19),  a  certain  similarity  in  the  arrangement  of  the  iiltimate 
elements  of  these  two  bodies  is  indicated,  notwithstanding  their  differences 
in  composition  and  characters.  Glycine  (or  gelatin-sugar)  is  an  organic 
base  of  much  interest  in  its  relations  to  certain  excretory-  substances,  as 
the  hippuric  acid  of  the  urine,  and  the  giycocholic  acid  of  the  bile 
(§§  58,  68);  it  has  a  strong  sweet  taste,  and  is  very  soluble  in  water, 
from  which  it  may  be  crystallized  like  ordinary  sugar;  and  its  compo- 
sition is  compai'atively  simple,  its  formula  being  4  Carbon,  4  Hydrogen, 
1  Nitrogen,  3  Oxygen. 

34.  The  general  properties  of  Chondrih  are  very  similar  to  those  of 
Glutin;  but  it  is  obtainable  only  from  Cartilages,  and  this  after  very 
prolonged  boiling;  and  it  diflFers  from  giutin  in  being  precipitated  by 
certain  reagents,  which  have  no  eflJect  upon  the  latter.  Thus,  most  acids 
throw  down  a  precipitate  from  a  solution  of  chondrin,  though  this  may 
escape  notice  on  account  of  the  facility  with  which  it  redissolves  in  a 
slight  excess  of  the  acid ;  a  considerable  precipitate,  however,  is  thrown 
down  by  acetic  acid,  which  is  not  re-dissolved  by  any  excess  or  even  by 
concentrated  acid.  Chondrin  is  also  precipitated  by  a  number  of  metallic 
and  other  salts,  which  have  no  such  effect  on  giutin;  among  the  most 
important  of  these  are  alum,  the  sulphates  of  the  protoxide  and  peroxide 
of  iron,  sulphate  of  copper,  acetate  of  lead,  and  the  nitrates  of  silver  and 
of  the  suboxide  of  mercury.— The  comparative  elementary  composition  of 
these  two  substances  is  shown  in  the  following  table;  from  which  it 
appears  that,  the  proportions  of  carbon  and  hydrogen  being  nearly  the 
same  in  both,  glutin  contains  much  more  nitrogen  and  less  oxygen  than 
chondrin. 

Chondrin. 
Mulder.  Schercr. 
50  0  507 
()-6  6-9 
14-4  147 

29 -0  277 


100-0  100-0 

35.  It  is  remarkable  that,  notwithstanding  the  very  large  proportion  of 


Glutin. 
Mulder.  Schcrer. 
Carbon       .       ,       50-4  50-H 
Hydrogen  ,       .         6-7  7'1 
Nitrogen    .       .        lO'S  18-3 


100-0  100  0 
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the  entire  mass  of  the  body,  which  is  formed  by  the  Gelatigenous  tissues, 
no  Gelatin  should  be  detectable  either  in  the  Blood,  or  in  any  of  the 
healthy  fluids;  and  this  fact  seems  to  indicate  that  the  transformation  of 
protein-compounds  into  gelatin,  which  must  take  place  wherever  the  food 
does  not  contain  that  substance  (as  in  the  case  of  herbivorous  animals 
and  of  the  embryo  within  the  egg),  is  effected  in  the  very  act  of  their 
conversion  into  fibrous  tissue, — a  view  which  appears  to  derive  probability 
from  the  various  facts  already  stated  respecting  the  properties  of  Fibi'in 
(§§  25,  27).  If  this  be  trae,  it  seems  highly  improbable  that  the  gela- 
tigenous tissues  are  ever  produced  in  any  other  way,  or  that  gelatin 
employed  as  food  can  ever  acquire  even  the  low  degree  of  organization 
which  they  exhibit ;  and  reasons  will  be  hereafter  given  for  the  belief, 
that  this  substance  cannot  be  truly  regarded  as  a  histogenetic  material, 
but  must  be  looked  upon  merely  as  a  pabulum  for  the  combustive  process 
(see  CHAP.  VII.). — Some  Chemists,  indeed,  maintain,  that  Gelatin  is  rather 
a  product  of  the  operation  practised  to  separate  it,  than  a  real  constituent 
of  the  living  solids;  but  this  idea  is  inconsistent  with  several  important 
facts.  Thus,  the  gelatigenous  tissues  will  exhibit,  without  any  preparation, 
the  best-marked  of  the  chemical  properties  by  which  Gelatin  is  charac- 
terized,— that  of  forming  an  insoluble  compound  with  tannic  acid ;  and 
the  tanno-gelatiii,  which  may  be  obtained  by  precipitating  gelatin  from 
its  solution,  ai)pears  to  be  identical  with  that  Avhich  results  fi'om  the 
action  of  tannin  on  animal  membrane,  in  every  respect  save  the  want  of 
its  organic  structure.  A  similar  precipitate  is  thrown  down,  as  Dr.  Al- 
fred Taylor  has  recently  shown,  by  adding  tannic  acid  to  the  solution 
obtained  by  acting  on  Skin  with  acetic  or  oxalic  acid.  And  fui-ther,  the 
composition  of  gelatin,  and  that  of  the  gelatigenous  tissues  (allowance 
being  made  for  the  presence  of  other  ingredients  in  the  latter),  are  foxmd 
by  idtimate  analysis  to  be  identical. — The  fact  appears  to  be,  that  there 
is  somewhat  of  the  same  difference  between  gelatin,  chemically  considered, 
and  the  fibrous  tissues,  bone,  &c.  from  which  it  is  extracted,  that  exists 
between  albumen  and  muscular  fibre  (§  21);  chemically  they  are  iden- 
tical, but  the  molecular  ari-angement  of  the  particles  has  been  altered  by 
organization,  so  that  the  operation  of  solvents  is  required  to  bring  back 
the  organic  compounds  to  their  original  structureless  condition.  And 
this  view  harmonizes  well  with  the  fact,  that  the  tissues  which  ai'e  most 
readily  dissolved  by  hot  water,  and  on  which  cold  water  has  the  most 
action  (such  as  those  of  the  air-bladder  of  the  fish),  are  those  which  have 
the  least  definite  organic  stmctm-e;  whilst,  on  the  other  hand,  those  of 
which  the  fibrous  structure  is  most  comjjlete,  require  the  most  prolonged 
action  of  hot  water  to  gelatinize  them.  There  is  a  difference,  too,  in  the 
characters  of  the  gelatin  obtained  from  these  different  sources ;  for  that 
which  is  so  readily  yielded  by  the  fish's  air-bladder,  and  is  known  as 
'  isinglass,'  never  forms  a  strong  glue,  even  when  quite  diy ;  so  also  the 
gelatin  of  the  skin  of  young  animals,  which  forms  '  size,'  though  setting 
more  firmly  than  isinglass,  cannot  be  advantageously  employed  by  the 
carpenter;  his  hard  ^glue'  being  all  obtained  from  the  skin,  bones,  &c. 
of  adults.  These  differences  have  been  imputed  by  Dr.  Prout  to  diver- 
sities iu  the  quantity  of  water  held  in  combination  by  the  gelatin. — The 
extreme  difficulty  which  attends  the  first  solution  of  Chondrin,  cannot, 
however,  be  thus  explained;  and  must  be  imputed  to  some  peculiarity 
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iu  the  molecular  aggregation  of  the  substance,  which  does  not  manifest 
itself  in  a  fibi'ous  arrangemeot. — It  is  interesting  to  remark  that,  of  all 
the  gelatigenous  tissues,  there  is  not  one  which  can  be  said  to  have  other 
than  mechanical  fimctions,  such  as  that  of  binding  parts  together,  resisting 
tension,  or  antagonizing  pressure.  On  the  other  hand,  all  the  proper  vital 
fimctions  of  the  body  are  performed  by  tissues  whose  composition  is  albu- 
minous. 

3.  Oleaginous  Compounds, 

36.  We  now  arrive  at  the  non-azotized  division  of  the  organic  com- 
pounds entering  into  the  composition  of  the  animal  fabric;  and  the  first 
group  to  be  noticed,  as  connecting  the  histogenetic  substances  with  the  mere 
combustive  materials,  is  that  of  the  Oleaginous  or  Fatty  matters.  These 
are  j)reeminently  remai'kable  for  the  small  amount  of  oxygen  which  enters 
into  their  composition,  and  for  containing  carbon  and  hydrogen  in  nearly 
equivalent  proportions;  they  are  soluble  in  ether  and  hot  alcohol;  but 
they  are  insoluble  in  cold  alcohol  and  in  water.  Fatty  substances  are 
ranked  as  saponifiahle  or  non-saponifiable,  according  as  they  'are  or  are  not 
decomposed  by  strong  bases,  such  as  alkalies  or  the  oxide  of  lead.  When 
this  decomposition  takes  place,  the  fatty  matter  is  separated  into  two  con- 
stituents ;  an  acid,  which  unites  with  the  stronger  base  to  form  a  soap 
or  a  plaster;  and  a  weak  base,  which  is  set  free.  How  far  this  acid 
and  base  have  a  separate  existence  previously  to  the  act  of  saponification, 
or  are  formed  in  the  process  itself,  cannot  at  present  be  positively  stated. 
It  is  a  remarkable  fact,  however,  that  the  separation  of  the  fatty  acids 
fi'om  their  base  may  be  affected  also  by  the  agency  of  putrescent  albumi- 
nous matters ;  and  this  has  been  shown  by  Lehmann  to  occur  during  the 
fei-mentation  of  milk. 

37.  The  fatty  substances  which  present  themselves  most  largely  in  the 
Hiunan  body,  are  Margarin  and  Olein;  the  former  of  these  being  solid 
when  separate,  but  being  dissolved  in  the  latter  (which  retains  its  fluidity 
when  cooled  down  below  0°  Fahr.)  at  the  ordinary  temperatm-e  of  the 
body.  In  the  fat  of  most  other  animals,  the  Margarin  is  replaced  by 
Stearin;  and  these  two  substances,  as  will  be  presently  shown,  have  very 
close  chemical  relations. — Margarin  exists  in  small  quantity,  along  with 
stearin,  in  most  animal  fats;  and  it  is  the  principal  solid  constituent  of 
the  vegetable  fats,  with  which,  therefore,  Human  fat  more  closely  corre- 
sponds than  does  that  of  most  other  animals.  It  is  a  white,  solid,  sper- 
maceti-like substance,  which  melts  at  118°,  and  which  crystallizes  from 
its  solution  in  hot  alcohol  as  a  flocculent  white  powder,  that  is  found  by 
the  microscope  to  consist  of  very  delicate  and  often  curved  needles,  often 
80  grouped  as  to  radiate  from  a  central  nucleus,  an  appearance  not 
unfrequently  seen  with  hi  the  cells  of  Adipose  tissue. — Stear  in  is  also  a 
spennaceti-liko  substance ;  but  its  melting-point  is  higher,  namely,  1 44° ; 
and  it  separates  on  cooling  from  its  solution  in  hot  alcohol  (which  takes 
up  less  of  it  than  of  margarin)  in  snow-white  glistening  scales,  which  are 
either  rhomlooidal  tablets,  or  short  rhombic  prisms. — OLeiu  exists  in  small 
quantity  in  the  solid  fats,  but  constitutes  the  principal  part  of  the  fixed 
oils;  and  the  tendency  of  these  to  solidification  by  cold  depends  upon  the 
amount  of  stearin  or  margarin  which  they  may  contain.  When  separated 
from  these,  it  is  a  simple  colourless  oil,  which  has  a  jDcculiar  tendency  to 
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become  rancid  on  exposui-e  to  the  air. — The  following  results  of  the  ulti- 
mate analysis  of  the  fat  of  different  animals,  by  Chevreul,  will  show  the 
close  correspondence  in  their  composition ;  whilst  it  also  makes  apparent 
the  veiy  large  proportion  of  Carbon  which  they  all  contain. 

Hog's  Lard.  Mutton  Fat.  Human  Fat. 

Carbon      .       .       79-098  78-996  79-000 

Hydrogen         .       11-146  11-700  11-416 

Oxygen     .       .         9-756  9-304  9-584 


100-000  100-000    .  100-000 

38,  The  saponification  of  these  fatty  substances  gives  rise  to  the  produc- 
tion of  the  Margai-ic,  Stearic,  and  Oleic  acids,  and  of  the  base  known  as  Gly- 
cerine.— Margaric  acid  is  a  solid  white  substance,  destitute  of  smell  or  taste, 
which  crystallizes  from  a  hot  alcoholic  solution  in  groups  of  very  delicate 
nacreous  needles,  that  under  the  microscope  appear  interlaced  like  tufts 
of  grass;  it  melts  at  the  temperatm-e  of  133°;  and  when  further  heated, 
it  decomposes  and  becomes  inflammable.  Its  alcoholic  solution  has  a 
slightly  acid  reaction  with  litmus-paper. — Stearic  acid  closely  resembles 
the  preceding ;  but  it  is  less  soluble  in  hot  alcohol,  so  that  when  both  are 
dissolved  together,  it  is  the  first  to  crystallize  as  the  alcohol  cools,  and  its 
crystals  have  the  form  of  elongated  lozenge-shaped  plates.  Its  melting 
point  is  1G7°;  and  its  alcoholic  solution  has  a  sufficiently  powerful  acid 
reaction  to  dissolve  the  alkaline  carbonates. — Oleic  acid,  like  olein,  is 
liquid  at  ordinary  temperatures,  and  is  a  limpid  oily  fluid,  having  neither 
taste  nor  smell,  and  exerting  no  action  tipon  litmus.  In  this  state,  when 
freely  exposed  to  the  atmosphere,  it  absorbs  twenty  times  its  volume  of 
oxygen,  without  giving  oflJ"  carbonic  acid,  and  becomes  changed  into  a 
thicker  fluid  which  reddens  litmus ;  so  that  oleic  acid  usually  exhibits  this 
reaction,  unless  special  care  have  been  taken  to  obtain  it  in  a  state  of 
pm-ity.  When  cooled  dowia  to  about  43°,  however,  oleic  acid  solidifies 
into  a  hard  white  crystalline  mass,  which  remains  unaffected  by  exposure 
to  the  atmosphere.  It  is  soluble  in  alcohol  at  ordinary  temperatures; 
but  crystallizes  out  of  this  solution  in  long  needles,  when  it  is  exposed  to 
extreme  cold. — The  following  table  of  the  atomic  constitution  of  these 
acids,  will  assist  in  showing  their  mutual  relations. 

Carbon 
Hydrogen 
Oxygen 
Water 

Thus  it  appears  that  Stearic  acid  is  the  equivalent  of  two  proportionals  of 
Margaric  acid,  minus  1  eq.  of  oxygen;  and  as  it  is  easy  to  convert  the 
former  into  the  latter  by  dry  distillation,  there  is  every  probability  that 
stearic  acid  is  formed  in  the  living  body  at  the  expense  of  the  margaric 
acid,  which  may  be  taken  in  as  a  constituent  of  vegetable  food.  Further, 
a  relation  between  the  Margaric  and  Oleic  acids  is  indicated  by  the  flict, 
that  when  the  latter  is  exposed  to  the  action  of  oxygen  at  an  elevated 
temperature,  it  becomes  converted  into  an  acid  whose .  composition  is 
represented  by  the  formula  34C,  33H,  50 ;  whilst  the  former,  when  treated 
with  peroxide  of  lead  so  as  to  be  made  to  undergo  fui-ther  oxidation,  is 
converted  into  an  acid  whose  composition  is  represented  by  the  formula 


stearic. 

Margaric. 

Oleic. 

68 

34 

36 

66 

33 

33 

5 

3 

3 

•2 

1 

1 
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34C,  33H,  40  +  HO ;  so  that  these  two  compounds  appear  to  present 
different  grades  of  oxidation  of  one  and  the  same  radical. 

39.  The  substance  known  as  Glycerine  is  produced  in  the  act  of  saponi- 
fvnng  the  ordinary  fats  of  the  body  of  man  and  of  most  other  animals ; 
and  has  been  commonly  regarded  as  the  base  with  which  the  fatty  acids 
axe  united  to  form  them.  It  has  not  been  found  possible,  however,  to 
reproduce  margarin,  stearin,  or  olein,  by  combining  their  respective  acids 
with  glycerine ;  and  there  are  moreover  adequate  reasons  for  considering, 
that  the  real  base  of  the  fats  is  a  compound  having  the  composition 
30, 2H,  0,  whilst  glycerine  is  formed  by  60,  7H,  50,  and  that  two  equiva- 
lents of  the  former  are  converted  into  one  of  the  latter  in  the  act  of 
saponification,  by  the  addition  of  3  equiv.  of  water.  To  this  hypothetical 
base,  the  name  of  oxide  of  lijoyl  has  been  applied. — Glycerine  is  a  faintly 
yellow  fluid,  with  an  agreeable  sweetish  taste ;  it  cannot  be  obtained  in  a 
solid  form,  but  may  be  brought  to  the  consistence  of  a  thick  syi'up ;  it 
dissolves  readily  in  water  and  alcohol,  but  not  in  ether ;  and  it  exerts  no 
reaction  on  vegetable  colom-s.  It  is  remarkable  for  its  solvent  powers, 
which  are  scarcely  inferior  to  those  of  water ;  and  in  particular  for  the  large 
quantity  of  alkalies  and  metallic  oxides  which  it  will  take  up.  When  heated 
in  the  air,  it  becomes  inflammable,  and  bm-ns  with  a  blue  flame. 

40.  The  saponifiable  Fats  ordinarily  make  up  a  considerable  part  of 
the  substance  of  the  Human  body,  and  are  found  in  large  amount  in  its 
nutritious  fluids.  There  can  be  no  doubt  that  they  are  derived  from  the 
fatty  components  of  the  food,  when  these  exist  in  sufficient  amount;  but 
there  is  also  adequate  evidence  that  fatty  matters  may  be  generated  by 
the  transformation  of  the  Saccharine  compounds.  The  experiments  of 
Liebig,  Dumas,  Boussingault,  Persoz,  and  others,,  have  shown  that  animals 
fed  upon  an  amylaceous  diet  form  more  fat  than  this  contains  ;*  but  they 
have  not  made  evident  either  the  place  in  which  that  transformation 
takes  place,  nor  the  mode  in  which  it  is  effected.  The  researches  of 
M.  Bemai'd,  however,  have  thrown  considerable  light  upon  this  subject; 
and  have  shown  that  the  Liver  is  probably  the  organ  by  whose  agency 
the  production  of  fat  is  accomplished.  For  he  has  ascertained  that  the 
blood  of  the  hepatic  vein  ordinarily  contains  more  fat  than  that  of  the 
portal  vein;  and  that  the  hepatic  vein  contains  fat,  when  none  can  be 
found  in  the  portal  vein,  the  animal  having  been  previously  fed  on 
substances  containing  no  fatty  matter.  He  has  further  ascertained  that 
this  production  of  fat  is  to  a  certain  degree  vicarious  with  that  of  sugar 
to  be  presently  described  (§  46) ;  the  former  being  characteristic  of  her- 
bivorous, and  the  latter  of  carnivorous  animals ;  the  former  ceasing,  when 
the  latter  is  unusually  excited  by  puncture  of  the  medulla  oblongata;  and 
fat  being  deficient  in  the  liver  of  diabetic  patients,  whilst  conversely  sugar 
IS  deficient  in  fatty  liver. t — But  there  are  certain  phenomena  attending 
the  degeneration  and  decay  of  Albuminous  substances,  which  seem  to 
indicate  that  Fatty  matter  may  be  generated  also  by  their  metamor- 

*  See  especially  the  Memoirs  of  the  last-named  experimenters  in  the  "  Ann.  de  Chim." 
Nouv.  Ser.  torn.  xiv.  p.  419. 

_  t  See  the  Reports  of  the  Lectures  delivered  by  M.  Bernard  before  the  College  of  France, 
in  "  L'Union  Medicale"  for  1850,  Nos.  82,  et  seq.;  and  a  very  excellent  digest  of  M. 
Bernard's  recent  contributions  to  Experimental  Physiologj'^,  contained  in  the  "  American 
Journal  of  the  American  Sciences"  for  July  and  October,  1851. 
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phosis.  This  probability  rests  not  only  upon  the  fact,  that  acids  of  the 
bntyric  acid  group  have  been  actually  generated  during  the  decompo- 
sition of  albumen  (§  18),  but  also  upon  the  evidence  afforded  by  that 
pathological  change  occurring  in  the  living  body,  to  which  the  name  of 
"  fatty  degeneration "  has  been  applied,  and  jby  that  production  of 
"  adipocere "  in  dead  bodies  which  sometimes  takes  place  to  a  very 
remarkable  extent.  To  the  former  class  of  phenouiena,  attention  has 
been  particularly  directed  by  Prof  Rokitansky  and  by  Mr.  Paget;  the 
former  of  whom*  enumerates  eleven  classes  of  instances  in  which  protein- 
compounds  are  replaced  by  fatty  matter,  in  such  conditions  that  it  is 
hardly  possible  to  assume  anything  but  that  the  fat  is  one  of  the  products 
of  spontaneous  transformation  of  the  higher  compound ;  whilst  the  latter  t 
strengthens  this  view  by  various  additional  considerations.  The  substance 
termed  adipocere  is  nothing  else  than  a  soap  formed  by  the  combination 
of  fatty  acids  with  an  ammoniacal  or  calcareous  base;  and  it  may  be 
generated  in  the  course  of  even  a  few  weeks  by  macerating  a  piece  of 
muscle  in  water,  as  has  been  proved  by  various  experimenters.  | — This 
conversion  of  protein-compounds  into  fatty  matters,  however,  must  always 
be  looked-upon  as  a  2^<^t^''Olo(/ical  change,  when  it  occurs  in  the  tissues; 
but  its  spontaneous  occun-ence  must  be  admitted  as  valid  evidence,  that 
the  fxt  which  is  generated  in  the  liver  may  be  formed  out  of  the  products 
of  the  disintegration  of  the  albuminous  tissues,  or  even  by  the  metamor- 
phosis of  the  albuminous  elements  of  the  food.§  In  one  of  these  two 
modes  it  seems  evident  that  the  liver-fat  must  be  formed  in  Carnivorous 
animals ;  but  in  the  Herbivora  its  materials  will  be  more  readily  furnished 
by  the  sacchaiine  alimentaiy  matters. 

41.  The  importance  of  these  Fatty  matters  in  the  Animal  economy, 
must  not  be  estimated  merely  by  the  proj^ortion  of  its  fabric  that  is  made 
up  of  Adijwse  tissue,  the  cells  of  which  are  filled  with  a  mixture  of 
Margai'in  (in  man),  or  of  Stearin  (in  most  other  animals),  with  Olein. 
For  it  is  next  to  certain  that  the  nutrition  of  Nervous  tissue  is  effected  in 

"  "  Handbuch  der  Pathologischen  Anatomie,"  band  i.  pp.  283-90. 

t  See  Mr.  Paget's  "Lectures  on  Nutrition,"  Lect.  v.  in  the  "Medical  Gazette"  for 
1847. 

t  It  has  been  supposed  by  some,  that  the  presence  of  adipocere  is  sufficiently  accounted 
for  by  that  of  the  fat  previously  contained  in  the  muscular  substance,  and  that  the  decompo- 
sition of  the  proper  muscular  tissue  has  no  share  in  its  formation,  except  as  furnishing  its 
base.  This,  however,  is  an  untenable  proposition.  A  body  was  exhumed  at  Bristol  some 
years  since,  which  had  been  buried  during  the  Civil  War,  and  which  appeared  externally  in 
a  state  of  remarkable  preservation,  the  flesh  retaining  much  of  the  plumpness  of  life ;  and  as 
this  was  in  a  sUite  of  complete  saponification,  it  is  obvious  that  the  amount  of  adipocere  must 
have  been  far  greater  than  the  fat  previously  in  the  body  would  account  for.  And  besides, 
tlie  structural  form  of  the  muscular  tissue  may  be  clearly  made  out  in  adipocere  produced  by 
the  action  of  water  upon  it.  Further,  it  has  been  ascertained  by  Blondeau  ("  Compt.  Rend.' 
tom.  XXV.  p.  360),  that  the  casein  of  cheese  undergoes  a  gradual  transformation  mto  a  saponi- 
fiable  fat  ;  and  that  the  same  change  takes  place  in  fibrin  under  similar  circumstunces.-- 
Foran  excellent  summary  of  the  evidence  upon  this  subject,  with  vai'ious  pathological  and 
experimental  illustrations,  see  the  Memoir  of  Dr.  R.  Quain  on  '  Fatty  Diseases  of  tlie 
Heart,' in  the  "Medico-ChirurgicalTransactions,"  vol.  xxxiii. 

$  Certain  experiments  of  Boiissingault  upon  ducks  appear  at  first  sight  to  favour  the  idea 
that  fat  may  be  foniicd  from  albuminous  substances  during  the  digestive  process  ;  but,  as  has 
been  pointed  out  by  Lehmann  (op.  cit.  vol.  i.  p.  258)  these  results  are  by  no  means  sufhcicnt 
to  prove  the  existence  of  so  remarkable  a  transformation,  since  the  fatty  matters  foiiud  within 
the  intestinal  canal,  when  the  birds  had  been  fed  on  albumen  and  casein  containing  httle  or 
no  fat,  may  have  been  derived  from  the  bile. 
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o-reat  degree  at  their  expense,  although  the  precise  composition  of  that  tissue, 
and  its  chemical  relations  to  the  histogenetic  substances,  have  not  yet  been 
elucidated.    And  we  shall  find  that  their  presence  m  the  Chyle  and  Blood 
has  probably  a  no  less  intimate  relation  to  the  general  processes  of  Nutri- 
;  tiou,  than  it  has  to  the  formation  of  the  tissues  of  which  it  is  the  more 
especial  pabulum.    Further,  a  considerable  proportion  of  the  fatty  matters 
introduced  into  the  nutritious  fluids  of  warm-blooded  animals,  never  forms 
j  pai-t  of  then-  tissues  at  all,  but  is  at  once  removed  by  a  process  essentially 
I  resembling  combustion,  on  which  the  maintenance  of  the  heat  of  the  body 
i  is  dependent. — The  amount  of  fatty  matter  in  the  Chyle  depends  in  great 
;  part  upon  the  nature  of  the  food,  being  larger  in  proportion  as  the 
(  digested  aliment  has  contained  a  gTcater  abundance  of  it ;  and  its  presence 
i  is  indicated  by  the  milky  opacity  that  distinguishes  this  fluid  from  Lymph, 
r  to  which  in  other  respects  it  bears  a  close  resemblance.    This  milky 
.  opacity  is  not  so  much  due  to  the  presence  of  the  larger  oil-globules,  which 
are  distinctly  recognizable  as  such  with  the  aid  of  the  microscope ;  as  it 
i  is  to  the  diffusion  of  the  fatty  matter  through  the  whole  liquid,  in  parti- 
.  cles  of  such  extreme  minuteness  that  their  diameter  can  be  scarcely 

■  measured,  forming  what  has  been  termed  by  Mr.  Gulliver  the  molecular 
base  "  of  the  chyle.  The  fatty  matter  of  the  Chyle  is  for  the  most  part 
unsaponified,  and  corresponds  in  its  composition  to  that  of  the  ordinary 

!■  salts  of  the  oxide  of  lipyl. — The  amount  of  fat  contained  in  the  Blood  is 
more  constant,  being  comparatively  little  dependent  upon  the  supply 
.  directly  furnished  by  the  food ;  and  here,  therefore,  we  have  an  additional 
'  proof  that  the  organism  itself  possesses  the  power  of  generating  fat  from 
other  materials,  so  as  to  supply  what  may  be  deficient  in  the  aliment.  In 
its  normal  condition,  the  Blood  contains  from  iibout  1-4  to  3-3  parts  of 

■  fat  in  1000  ;  but  this  proportion  may  undergo  a  large  temporary  increase, 
by  the  admixture  of  chyle  peculiarly  rich  in  oily  matters.  Thus  when 
blood  is  drawn  within  an  hour  or  two  after  a  meal  including  much  fat, 

]  particularly  if  this  had  been  preceded  by  a  long  fast,  the  admixture  of 
chyle  is  indicated  by  the  "  milkiness "  of  the  serum,  which  is  found  on 
examination  to  depend  upon  the  presence  of  the  "  molecular  base  "  of  the 
chyle ;  and  the  total  proportion  of  fatty  matter  in  the  blood  then  consi- 
derably exceeds  the  average.  In  a  few  hours  more,  however,  the  serum 
recovers  its  usual  clearness,  and  the  excess  of  fat  in  the  blood  disappears ; 
owing,  it  may  be  reasonably  surmised,  to  its  consumption  in  the  processes 
of  nutrition  and  respiration.  The  saponifiable  fatty  matters  proper  to 
the  blood  exist  in  it  (excepting  in  the  case  just  stated)  only  in  the  saponi- 
fied condition;  this  change  being  due  to  the  influence  of  the  fixed  alkalies 
with  which  they  there  come  into  contact.  As  already  mentioned,  they 
seern  to  be  united  with  the  Fibrin  of  the  blood  with  peculiar  intimacy,  and 
they  constitute  not  less  than  3  per  cent,  of  its  svibstance;  more  than  2  per 
cent,  of  fat  may  be  obtained  from  the  dried  blood-corpuscles ;  whilst  the 
dry  solids  of  the  serum  do  not  contain  above  1  -8  per  cent. — The  quantity 
of  fat  in  the  Lymph  is  never  large ;  and  usually  only  traces  of  this  sub- 
stance are  found. 

42.  Next  to  the  nutrition  of  the  adipose  and  nervous  tissues,  the 
most  obvious  purpose  to  which  the  Fatty  matters  of  the  cliyle  and  blood 
are  subservient,  is  the  maintenance  of  Animal  Heat.  The  conditions  of 
this  calorifying  process  will  be  more  particularly  considered  hereafter 
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(chap.  XIII.) ;  and  at  present  it  will  be  sufficient  to  state,  that  it  seems 
essentially  to  consist  in  the  union  of  the  carbon  and  hydi-ogen  of  fatty 
and  other  combustible  matters,  with  oxygen  introduced  by  the  respiratory 
process;  thus  generating  carbonic  acid  and  water,  which  are  set  free 
through  the  same  channel. — But  there  is  strong  reason  to  believe,  that 
Fatty  matter  performs  a  most  imjjortant  part  in  the  assimilation  of  even 
the  albuminous  constituents  of  the  food,  and  in  their  convei-sion  into 
plastic  material  in  the  first  place,  and  subsequently  into  actual  tissue. 
It  has  been  shown  by  Lehmann  and  Elsasser,  that  the  combination  of  fat 
with  protein-compounds  renders  the  latter  much  more  easily  reducible  by 
the  digestive  process ;  and  it  has  also  been  shoNvn  by  Lehmann,  that  the 
presence  of  fat  is  necessaiy  to  enable  albuminous  matters  to  act  as 
fennents ;  whence  he  comes  to  the  conclusion,  on  chemical  grounds  only, 
that  "  fat  is  one  of  the  most  active  agents  in  the  metamorphosis  of  animal 
matter."  This  view  derives  support  from  a  large  number  of  facts  with 
which  the  Physiologist  and  Pathologist  are  familiar.  For,  as  was  first 
specially  noticed  by  Ascherson,*  fat  is  always  present  in  considerable 
amount  in  newly-forming  organized  fabrics ;  it  being  an  universal  consti- 
tuent of  the  nuclei  of  cells,  both  in  the  Vegetable  and  Animal  kingdoms, 
and  being  a  large  component  of  embryonic  structures  generally.  More- 
over, as  just  now  pointed  out,  the  fat  of  the  blood  is  most  intimately 
associated,  and  is  combined  in  lai-gest  amount,  with  the  most  vitalized 
constituents  of  the  blood,  namely,  the  fibrin  and  the  corpuscles;  and 
plastic  exudations  from  the  blood  contain  much  more  true  fat  than  the 
non-plastic,  although  the  latter  may  contain  a  considerable  amount  of 
cholesterin.  So,  again,  those  cancerous  growths  whose  increase  is  most 
remai'kable  for  its  rapidity,  contain  a  large  amount  of  fat.  The  remark- 
able power  which  cod-liver  oil  has  been  found  to  possess,  of  promoting 
the  nutrient  processes  in  individuals  labouring  under  tuberculous  cach- 
exia, can  scarcely  be  attributed  to  anything  else  than  to  its  furnishing 
an  abundant  supply  of  fatty  matters  in  a  form  that  renders  them  pecu-. 
liarly  easy  of  assimilation.  Taking  all  these  facts  into  account,  we  seem 
jixstified  in  accej)ting  the  conclusion,  that  in  the  metamoi-phosis  of  the 
albuminous  constituents  of  the  food  into  the  organized  tissues,  of  which 
they  are  the  proper  pabulum,  fat  takes  an  essential  part;  and  thus  it 
comes  to  have  a  much  higher  place  in  the  economy  of  the  living  system, 
than  has  usually  been  assigned  to  it.t 

43.  Of  the  non-saponifiable  fats,  or  'lipoids,'  there  are  two  which 
appeal*  to  be  normal  constituents  of  the  blood;  though  it  is  doubtful 
whether  they  are  ever  employed  in  the  formation  of  tissue,  and  whether 
they  are  not  rather  to  be  looked-on  as  excrementitious  products,  resulting 

*  See  his  Memoir  '  Ueber  die  physiologische  Bedeutung  der  Fettstoffe,'  in  "Muller's 
Archiv."  1840. 

t  It  was  first  discovered  by  Ascherson,  that  when  an  oil-globule  is  surrounded  by  an 
albuminous  solution,  it  becomes  invested  by  a  pellicle  of  coagulated  albumen ;  and  he  went 
so  far  as  to  present  this  as  the  type  of  celi-formation  in  the  living  body.  In  this,  however, 
he  was  undoubtedly  in  error  ;  for  the  passive  coagulated  albuminous  pellicle  thus  formed  has 
nothing  in  common  with  the  activity  of  a  true  cell;  and  it  may  be  generated,  moreover  (as 
shown  by  Mulder),  around  other  substances,  gum  arabic  for  instance.— In  connection  with 
this  subject,  the  Memoir  by  Prof.  Bennett  on  "  tlie  Structural  Relation  of  Oil  and  Albumen 
in  the  Animal  Economy,"  'in  the  "  Edinb.  Monthly  Jouni.  of  Med.  Sci."  vol.  viii.  p-  566, 
and  his  work  on  Cod-liver  Oil,  may  be  advantageously  referred  to. 
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from  the  disintegration  of  tlie  living  structTu-c. — Cholesterin  (or  biliary 
fat),  the  most  important  of  these,  is  a  hard  spermaceti-like  snbstance, 
which  separates  from  its  solutions  in  nacreous  scales  that  are  found  under 

•  the  microscope  to  have  the  form  of  rhombic  tablets ;  it  is  quite  insoluble 

•  in  water,  but  is  soluble  in  ether,  and  also  in  boiling  alcohol,  from  which, 
!  however,  the  gi-eater  part  sepai-ates  in  cooling ;  it  is  also  slightly  soluble 
!  in  soap-water,  and  more  freely  in  the  fatty  oils  and  in  taurocholic  acid. 
1  It  does  not  melt  until  heated  to  298°,  and  it  solidifies  again  and  becomes 
;  perfectly  ciystalline  at  275°.  It  is  not  decomposed  by  concentrated 
.1  alkalies,  even  when  the  mixture  is  submitted  to  prolonged  heat.  Its  com- 
position is  represented  by  the  formula  37  C,  32  H,  0  j  but  its  combining 

I  equivalent  is  as  yet  uncertain.    Cholesterin  is  constantly  present  in  the 
I  blood,  to  the  amount  of  from  -025  to  -2  parts  in  1000  (that  is,  from  J^th 
'  to  4-th  of  one-thousandth  part  of  the  whole  mass);  and  its  quantity  seems 
:  to  be  augmented  in  old  age,  and  in  many  acute  diseases,  as  also  in  icterus. 
It  is  also  stated  to  be  a  constituent  of  the  nervous  tissue,  having  been 
extracted  from  the  brain  by  Couerbe  and  other  experimenters;  but  it 
may  be  doubted  whether  it  is  not  rather  a  product  of  the  disintegration 
of  nerve-substance,  which  is  destined  to  be  taken  back  into  the  blood  for 
(  elimination  by  the  excretory  apparatus,  like  the  kreatine  which  may  be 
I  extracted  from  the  juice  of  flesh  (§  60),  or  the  urea  which  is  obtainable 
'  from  the  vitreous  humour  of  the  eye  (§  53),  both  being  undoubtedly 
I  excrementitious  matters.    For  Cholesterine  is  a  characteristic  component 
of  the  biliary  excretion,  and  is  closely  related  to  its  peculiar  acids;*  so 

•  that  it  can  scarcely  be  looked  upon  in  any  other  light  than  as  an  excre- 
mentitious product,  the  highest  fimction  of  which  is  to  assist  in  the  sup- 

,  port  of  the  calorifying  process.  It  is  frequently  -separated  from  the  blood 
as  a  morbid  product ;  thus  it  is  often  present  in  considerable  quantity  in 
dropsical  fluids,  and  particularly  in  the  contents  of  cysts;  and  may  be 

'  deposited  in  the  solid  form  in  degenerated  structures,  tubercular  concre- 
tions, &c. — Of  the  other  non-saponifiable  fat,  termed  Serolin,  much  less 
is  known.  It  is  obtained  from  the  serum  of  blood,  after  the  removal  of 
the  other  fats;  and  seems  to  differ  from  cholesterin  chiefly  in  having 
a  lower  melting  point,  97°,  and  in  separating  from  its  alcoholic  solution 
in  nacreous  glistening  flocculi. 

44.  It  has  been  supposed  that  the  substance  of  the  Brain  contains  fatty 
acids  of  a  peculiar  character,  to  which  the  terms  Cerehric  and  Oleo-phos- 
pkoric  have  been  given  by  Fremy.  Both  of  these  have  been  said  to  con- 
tain a  large  quantity  of  phosphorus,  and  the  former  to  present  the 
additional  anomaly  of  a  fatty  acid  containing  nitrogen.  It  appears  pro- 
bable, however,  that  in  the  analysis  of  Nervous  tissue  which  gave  the 
latter  of  these  results,  due  care  was  not  taken  to  separate  its  fatty  and  its 
albuminous  constituents;  and  that  the  supposed  Cerebric  acid  has  no 
real  existence,  being  merely  an  admixture  of  albumen  with  an  ordinary 
fatty  acid.t  Still  it  appears  that  the  fats  of  the  brain  contain  phosphorus 
in.  some  peculiar  state  of  combination,  and  similar  "  phosphorized  fats  " 

*  By  the  action  of  oxidizing  agents  upon  Cholesterine,  a  peculiar  acid,  cholestcric  acid,  is 
obtained ;  and  the  same  acid  (as  sliown  by  Sclilicper)  may  be  obtained  in  the  same  way  from 
the  resinous  acids  of  the  bile,  and  from  no  other  organic  substance  whatever.  (See  Liebig's 
"  Familiar  Letters,"  p.  440,  note.) 

t  Liebig's  "  Animal  Chemistry,"  .3rd  Edit.,  p.  257. 
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are  found  in  the  blood ;  and  tlie  belief  formerly  expressed  by  Berzelius, 
that  the  phosphorized  fats  of  the  blood  are  chiefly  contained  within  the 
red  corpuscles,  has  been  recently  confirmed  by  the  analyses  of  Lehmann, 
who  has  found  in  the  red  corpuscles  of  arterial  blood  1  -8  per  cent.,  in 
those  of  venous  blood  no  less  than  3-6  per  cent,  of  fat  extractible  by  ether, 
which,  when  incinerated,  yielded  not  less  than  22  per  cent  of  ash,  chiefly 
consisting  of  acid  phosphate  of  lime.  —  In  what  state  this  phosphorus 
exists,  however,  is  as  yet  uncertain.  It  will  be  remembered  that  Prof 
Liebig  has  lately  affirmed  very  decidedly,  that  phosphorus  does  not 
occur,  either  in  the  nervous  tissue  or  in  any  organic  compound,  except  in 
the  condition  of  phosphoric  acid. — It  remains  to  be  seen,  therefore,  how 
far  the  ftxtty  matters  of  the  Nervous  tissue  are  really  peculiai*  to  it,  and 
whether,  if  they  are  different  from  the  ordinaiy  fats,  the  latter  may  be 
metamorphosed  into  them. 

4.  Saccharine  Gomjjounds. 

45.  Of  the  organic  components  of  the  human  body,  it  now  only  remains 
for  us  to  consider  those  of  the  Saccharine  group,  whose  presence  in  the 
nutritious  flxiids,  so  far  as  at  present  known,  serves  no  higher  pxu-pose 
than  that  of  supplying  material  for  the  calorifying  process,  unless  they 
can  bo  indirectly  made  available,  by  undergoing  conversion  into  fat,  as 
materials  for  the  generation  of  tissue. — The  form  of  Sugar  Avhich  appeal's 
to  be  normally  present  (usually,  at  least,  if  not  constantly)  in  the  Blood, 
is  that  known  as  Glucose,  or  "  grajje-sugar,"  which  is  the  saccharine  com- 
pomid  that  is  most  commonly  present  in  fruits,  and  that  results  fi'om  the 
transformation  of  starch  by  the  action  of  acids,  ferments,  &c.  This  sub- 
stance diflfei's  from  cane-sugar  both  in  composition  and  properties;  for 
whilst  the  formula  of  crystallized  cane-sugar  is  12  C,  11  H,  11  0  (which 
is  considered  as  resulting  from  the  combination  of  12  C,  9  H,  9  0,  the 
equivalent  of  anhydrous  sugar,  with  2  HO),  that  of  crystallized  glucose  is 
12  C,  14  H,  14  0,  this  also  containing  2  equivalents  of  HO  in  combina- 
tion with  the  sugar  itself  Glucose  is  much  less  sweet  than  cane-sugar,  is 
only  half  as  soluble  in  water,  and  is  much  less  disposed  either  to  crystal- 
lize, or  to  enter  into  combination  with  oxide  of  lead  and  other  substances. 
It  has  less,  in  fact,  of  those  peculiar  properties  which  so  remarkably 
assimilate  cane-sugai"  to  inorganic  compounds.  We  accordingly  find  that 
the  relations  of  the  two  sugars  to  the  animal  economy  ai'e  veiy  different. 
Cane-sugar,  when  injected  in  any  considerable  amoimt  into  the  general 
cuiTent  of  the  circulation,  is  neither  assimilated  nor  removed  by  the  com- 
bustive  process ;  but,  like  soluble  salts  thus  introduced,  is  speedily  removed 
by  the  kidney,  being  discovered  in  the  urine.*  On  the  other  hand,  a 
much  larger  quantity  of  gi-ape-sugar  may  be  injected  into  the  general  cir- 
culation, without  any  trace  of  it  becoming  detectable  in  the  urine  ;t  hence 

*  This  has  been  shown  by  various  experimenters,  among  whom  Dr.  Percj'  ("  Medical 
Gazette,"  vol.  xxxii.),  Prof.  Lehmann  ("Physiological  Chemistry,"  vol.  i.  p.  2.93),  and  Dr. 
CI.  Bernard  ("  Compt.  Rend."  torn.  xxii.  pp.  534-537),  may  be  particularly  mentioned. 

■f-  The  following  are  given  by  Magendie  as  the  proportions  in  which  different  sugars 
require  to  be  injected  into  the  jugular,  in  order  that  they  should  be  discoverable  in  tiie  urine. 

Cane-sugar  ...  1 

Mannite   ....  1 
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it  is  obvious  that  this  is  applicable  to  some  purpose  within  the  system, 
and  does  not  require  to  be  cast  out  as  a  foreign  substance.    The  presence 
of  Glucose  in  the  Chyle  and  Blood  appears  to  depend  upon  the  presence 
of  either  starch  or  sugar  in  the  food.    The  transformation  of  starch  into 
.  glucose  is  effected,  as  will  hereafter  be  seen,  during  the  passage  of  the 
alimentary  matter  along  nearly  the  whole  length  of  the  canal ;  this  con- 
"  version  being  begun  by  the  saliva,  and  continued  by  the  pancreatic  and 
other  secretions  which  are  poured  into  the  intestinal  tube.    That  the 
glucose  thus  formed  is  partly  taken  up  by  the  lacteals,  appears  from  the 
I  experiments  of  Trommer  and  Lehmann  ;*  but  that  it  is  also  more  directly 
;  absorbed  into  the  blood-vessels,  like  other  soluble  matters,  by  simple 
I  endosmose,  has  been  determined  by  M.  CI.  Bernard,t  who  has  always  met 
^  with  distinct  traces  of  cane-sugar  in  the  blood  of  the  vena  portse  of  animals 
that  had  been  fed  upon  it ;  and  there  appears  to  be  a  special  provision  in 
the  hver  for  the  conversion  of  the  sugar  thus  absorbed,  into  the  form  in 
which  its  presence  in  the  blood  can  be  best  tolerated,  until  it  is  eliminated 
by  the  respiratory  process.    For  it  appears  from  the  experiments  of  M. 
Bernard  (loc.  cit.),  that  although  cane-sugar  is  rapidly  eliminated  by  the 

■  kidneys  when  it  is  injected  into  the  general  circulation,  it  may  be  injected 
;  in  considerable  amount  into  the  2^ortcd  system,  without  producing  any 
^  such  eifect.  When  large  quantities  of  saccharine  or  of  amylaceous 
i  matters  have  been  employed  as  food,  the  general  mass  of  the  blood  is 
!  foimd  to  contain  an  appreciable  portion  of  sugar,  as  has  been  shown  some 
ttime  time  since  by  Prof.  B.  Thompson,  J  and  M.  Magendie.§  But  it  has 
1  been  recently  shown  by  M.  Bernard,  that  a  sugar  nearly  allied  to  glucose 
i  is  a  constant  constituent  of  the  blood  drawn  from  the  hepatic  vein,  ascend- 
•  ing  cava,  right  auricle,  and  pulmonary  artery -of  all  animals,  whether 
'  they  have  been  fed  upon  amylaceous  or  saccharine  substances,  or  upon 
!  food  entirely  destitute  of  these  principles ; — a  fact  of  the  highest  interest, 
t  of  which  the  explanation  will  presently  appear, 

46.  From  the  readiness  with  which  Glucose  undergoes  transformation 
i  into  lactic  acid,  in  the  presence  of  azotized  compounds,  there  can  be  little 

■  doubt  that  this  change  is  continually  taking  place  in  the  living  body ;  and 
i  it  is  probably  in  the  form  of  lactic  acid,  that  glucose  is  rendered  subser- 
^  vient  to  the  maintenance  of  animal  heat  by  the  combustive  process. 
'  Such,  therefore,  we  may  consider  to  be  the  usual  destination  of  the 
^  Saccharine  compounds  introduced  as  food.  But,  as  already  mentioned, 
:  there  is  ample  evidence  that,  when  there  is  a  deficiency  of  fatty  matters 
1  in  the  food,  these  may  be  formed  by  a  metamorphosis  of  its  saccharine 

constituents;  and  with  this  change,  there  is  a  strong  probability  that  the 
I  Liver  is  chiefly  concerned.    But  further,  evidence  has  been  recently 
obtained,  that  this  important  organ  can  actually  generate  Sugar  from 

Sugar  of  Milk  ...  5 
Glucose     .  .  .  .  50 

Sugar  of  the  Liver  .  .  240 

'■  Thus  we  see  that  50  times  as  much  of  glucose  as  of  cane-sugar,  and  nearly  6  times  as  much 
of  liver-sugar  as  of  glucose,  is  required  to  produce  this  effect.    (See  "  L'Unioii  Mcdicale," 
1849,  Nos.  72,  75,  79). 
•  "  Physiological  Chemistry,"  vol.  i.  p.  289. 
+  "Gazette  M6dicale,  1050,  No.  5. 

+  "  Philos.  Magaz."  April  and  May,  1845,  and  "  Medical  Gazette,"  Oct.  10,  1845. 
$  "  Compt.  Rend."  tom.  xxx.  pp.  191,  192. 
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other  than  amylaceous  compounds;  for  it  has  been  ascertained  by  liT 
Bernard,  that  the  substance  of  the  hver  contains  sugar,  even  in  animals 
that  have  been  fed  for  some  time  on  animal  food  alone  (a  discovery  which 
has  been  verified  in  the  Giessen  Laboratory), — that  the  blood  of  the 
hepatic  vein  of  such  animals  contains  sugar,  although  none  is  to  be  found 
in  that  of  the  vena  portse, — and  that  sugar  is  contained  in  the  liver  of 
embryoes,  both  of  mammals  and  oviparous  animals.  In  the  case  of  a 
healthy  adult  who  was  guillotined  while  fasting,  it  was  calculated  from 
the  analysis  of  a  portion  of  the  liver,  that  the  wbole  mass  of  it  must  have 
contained  360  grains  of  sugar.  In  Herbivorous  animals,  whose  food 
contains  a  large  supply  of  amylaceous  and  saccharine  matter,  it  appears 
that  the  liver  does  not  thus  fiuiiish  any  large  quantity  of  this  sugar; 
whilst  on  the  other  hand,  a  portion  of  the  saccharine  constituents  of  the 
portal  blood  seems  to  be  converted  into  fatty  matter  in  its  passage 
through  the  liver.  But  in  Carnivorous  animals,  which  have  already  a 
supply  of  fat  in  their  food,  but  no  sugar,  the  transforming  process  would 
seem  to  be  of  a  different  kind,  sugar  being  generated  de  novo,  although 
from  what  element  of  the  blood  it  is  produced,  has  not  yet  been  clearly 
determined.  There  seems  a  strong  probability,  however,  that  the  produc- 
tion of  sugar  takes  place  at  the  expense  of  protein-compounds ;  and  that  it 
is  the  chief  means  by  which  the  products  of  the  disintegration  of  muscular 
and  otlier  albuminous  tissues  are  made  available  for  the  maintenance  of 
animal  heat  by  the  combustive  process ;  and  this  view  derives  confirmation 
from  the  fact,  that  a  new  form  of  Sugar,  termed  Inosite,  whose  formula  is 
12  C,  16  H,  16  0,  has  been  recently  discovered  by  Scherer  in  the  'juice 
of  flesh,'  where  its  presence  is  almost  undoubtedly  to  be  attributed  to  the 
disintegration  of  muscular  tissue.*  (See  also  §  91,  vi.)  Of  the  chai-acters 
of  the  sugar  thus  produced  in  the  liver,  little  is  yet  definitely  known ;  but 
it  would  appear  far  to  surpass  even  glucose  in  the  readiness  with  which 
it  is  carried  off  by  the  respiratory  process;  for  according  to  the  state- 
ment of  M.  Bernard,  as  much  as  12  grammes  may  be  injected  into  the 
blood  wdth  no  more  effect  upon  the  urine  than  is  produced  by  2-5  grammes 
of  glucose,  or  by  "05  of  cane-sugar.t 

47.  This  metamorpliic  action  of  the  liver  would  seem  to  be  influenced 
by  conditions  of  the  nervous  system;  for  when  the  upper  part  of  the 
medulla  oblongata,  near  the  origin  of  the  pneumogastric  nerve,J  is 

*  "  Ann.  der  Chem.  und  Pharm.,"  band  Ixxiii.  p.  322. 

•|-  It  is  considered  by  M.  Bernard,  that  diabetic  sugar  rather  corresponds  to  this  "  sugar  of 
the  liver,"  than  it  does  to  glucose.  He  found  no  less  than  83.3  grains  of  sugar  in  the  Hver  of 
a  di.-xbetic  subject ;  and  he  remarks  that  the  liver  is  generally  liypertrophied  iu  this  disease. 
Hence  he  looks  to  the  liver  as  its  primary  seat ;  and  imputes  the  glycosuria  to  an  excessive 
production  of  sugar  in  the  liver,  which  would  seem  then  to  exercise  its  metamorphic  power 
upon  the  azotized  constituents  of  the  blood,  and  thus  to  destroy  the  material  for  the  nutritive 
processes, — an  idea  that  corresponds  well  with  the  phenomena  of  the  disease,  which  indi- 
cate an  impoverishment  of  the  nutritive  fluid,  the  solids  of  the  body  exhibiting  a  rapid  waste, 
notwithstanding  that  there  may  be  an  extraordinary  appetite,  and  a  very  large  amount  of 
azotized  nutriment  may  be  taken.  Moreover,  it  would  seem  from  Dr.  Front's  observations, 
as  if  the  presence  of  a  small  quantity  of  saccharine  matter  in  the  food  tended  to  promote  this 
metamorphosis  in  its  other  constituents ;  the  eating  of  a  single  pear  having  been  observed  by 
him  to  neutrtilize  all  the  benefit  which  had  been  obtained  by  an  abstinence  from  saccharine 
and  amylaceous  matters,  prolonged  through  several  months. 

J  The  part  of  which  the  injury  is  most  effectual  in  producing  this  result,  is  that  which  lies 
in  the  groove  between  the  corpora  restiforniia  and  corpora  olivaria,  and  over  the  adjoining 
part  of  the  latter. 
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irritated  by  puncture  or  by  a  slight  galvanic  shock,  the  production  of 
suoar  in  the  liver  takes  place  to  so  great  an  extent,  that  a  portion  of  this 
substance  finds  its  way  into  the  urine,  and  a  temporary  artificial  diabetes 
is  speedily  established.  This  eiFect  so  speedily  ensues,  that  sugar  has 
been  detected  in  the  general  mass  of  the  blood,  and  in  every  secretion 
formed  from  it,  except  the  saliva  (into  which  he  never  found  it  enter) 
within  twenty  minutes  after  the  operation.  It  is  even  possible,  according 
to  M.  Bernard,  to  predict  the  amount  of  sugar  that  will  be  secreted,  accord- 
ing to  the  depth  of  the  incision.  On  the  other  hand,  if  the  injury  thus 
done  be  too  ^I'eat,  or  if  a  violent  electric  shock  be  transmitted  through 
the  medulla  oblongata,  or  any  other  severe  lesion  be  inflicted  on  the 
nervous  system,  the  production  of  sugar  is  suspended ;  and  it  appears  that 
the  same  suspension  may  occur  as  a  result  of  diseases  w^hich  produce  a 
diminution  of  nei-^^ous  power.  Division  of  the  pneumogastric  nerves 
usually  prevents  the  iiTitation  of  the  medulla  oblongata  from  exerting  its 
usual  efiect,  and  even  checks  the  production  of  sugar  when  it  has  already 
appeared  in  the  vu-ine;  but  this  result  is  by  no  means  constant. — 
The  duration  of  the  presence  of  sugar  in  the  urine  after  the  operation  is 
vai'iable,  according  to  the  animal  experimented  on  and  the  method 
employed;  in  general  it  lasts  forty-eight  hours  in  the  rabbit,  and  four 
days  in  the  dogj  but  in  one  dog  it  continued  for  as  much  as  seven  days. 
The  animals  are  extremely  restless  during  this  period;  the  respiratory 
movements  are  hunied;  the  arterial  blood  presents  almost  a  venous 
tint ;  the  quantity  of  carbonic  acid  given  off"  is  augrnented ;  nevertheless 
the  temperature  of  the  body  is  diminished  several  degrees.* 

48.  In  close  relation  with  the  Sugars,  both  chemically  and  physiologi- 
cally, stands  Lactic  Acid,  the  presence  of  which,  as  a  normal  element  of 
the  blood,  and  as  performing  very  important  functions  in  the  economy, 
may  now  be  regarded  as  well  established ;  and  it  will  be  conveniently 
considered  here,  although  it  might  be  in  some  respects  more  appropriately 
placed  in  the  category  of  excrementitious  matters. — This  substance,  in  its 
most  concentrated  state,  is  a  colourless,  inodorous,  thick,  syrupy  fluid, 
which  cannot  be  solidified  by  the  most  intense  cold,  dissolves  readily  in 
water,  alcohol,  and  ether,  has  a  strongly  acid  taste  and  reaction,  and  dis- 

•  This  last  fact  appears  at  first  sight  to  stand  in  marked  opposition  to  the  chemical  theory 
of  Animal  Heat;  but. the  Author  would  suggest  that  the  following  may  be  its  explanation. — 
The  production  of  heat  being  dependent  upon  the  combustion  (or  union  Avith  oxygen),  not 
merely  of  carbon,  but  of  hydrogen,  and  the  amount  of  heat  disengaged  by  the  combustion  of 
hydrogen  being  much  greater  than  that  given  off  by  the  combustion  of  its  equivalent  of 
carbon,  we  might  expect  that  the  conversion  of  a  fatty  substance,  which  is  almost  entirely 
composed  of  hydrogen  and  carbon,  into  water  and  carbonic  acid,  shall  give  off  a  far  larger 
amount  of  heat,  than  the  combustion  of  a  farinaceous  or  saccharine  substance,  in  which  there 
is  only  carbon  to  be  burned  off,  the  hydrogen  being  already  united  with  oxygen  in  the  pro- 
portion to  form  water.  Experience  shows  that  such  is  the  case  ;  for  in  the  Arctic  regions, 
ordinary  bread  is  found  to  be  very  inefficient  for  the  maintenance  of  animal  heat,  although  an 
ample  supply  of  oleaginous  matters  is  completely  effectual  for  this  purpose  ;  and,  as  Sir  John 
Richardson  has  informed  the  Author,  it  has  been  recently  found  by  the  Hudson's  Bay  traders, 
that  maize  bread,  which  contains  a  considerable  proportion  of  oil,  is  a  most  supporting  food. 
Consequently,  when  the  production  oi /at  by  the  liver  is  suspended,  and  the  production  of 
sugar  takes  its  place,  the  amount  of  heat  generated  by  the  consumption  of  even  an  augmented 
quantity  of  the  latter,  will  not  be  equal  to  that  resulting  from  the  combustion  of  the  former- 
for  only  carbon  will  be  burned-off  in  the  one  case,  whilst  both  carbon  and  hydrogen  were 
consumed  in  the  other. — The  above  account  of  the  researches  of  M.  Bernard,  is  derived  from 
the  sources  already  referred  to  (§  40,  vote). 
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places  not  merely  volatile  acids,  but  even  many  of  the  stronger  mineral 
acids,  from  their  salts.  With  bases  it  generally  forms  neutral  salts,  all  of 
which  are  soluble  in  water;  but  the  alkaline  lactates,  and  some  others, 
cannot  be  made  to  crystallize ;  being  only  brought,  by  the  greatest  con- 
centration, to  the  condition  of  syrupy  fluids.  The  composition  of  this  acid 
is  considered  to  be  6  C,  5  H,  5  0 ;  and  it  thus  bears  a  close  relation  to  that 
of  Sugar,  being  exactly  half  one  equiv.  of  anhydrous  Sugar  +  one  equiv.  of 
Water.  It  is,  in  fact,  from  sugar  or  starch  that  it  is  most  directly  pro- 
duced ;  being  the  result  of  a  new  arrangement  of  the  atoms  of  these  sub- 
stances under  the  influence  of  an  azotized  ferment,  as  when  milk  is  turiied 
sour  by  the  action  of  its  casein  upon  its  sugar.  But  an  acid  may  be 
extracted  from  the  'juice  of  flesh,'  which,  whilst  apparently  identical  in 
composition  and  in  most  essential  properties  with  that  obtained  from  the 
fermentation  of  sugar,  difl'ers  from  it  iu  certain  of  the  properties  of  the  salts 
which  it  forms  with  bases;  and  the  acid  of  the  juice  of  flesh  has  been 
recently  distinguished  as  a  lactic  acid,  whilst  that  obtained  in  the  usual 
way  (witli  which  the  acid  of  the  gastric  fluid  coiTCSponds)  is  designated 
as  h  lactic  acid.  This  distinction  will  be  found  to  be  of  much  import- 
ance, when  we  examine  into  the  sources  of  lactic  acid  in  the  animal 
economy. — Much  discussion  has  taken  place  at  different  times  with  re- 
gard to  the  existence  of  lactic  acid  in  various  parts  of  the  animal  body, 
chiefly  in  consequence  of  the  extreme  difficulty  of  determining  its  pre- 
sence by  ordinaiy  chemical  tests;  the  production  of  some  of  its  crystal- 
line salts,  and  the  accm-ate  measurement  of  the  angles  of  these,  being 
the  only  method  on  which  reliance  can  be  placed.  The  following,  accord- 
ing to  Lehmann,  may  be  regarded  as  well-established  facts,  free  from 
the  errors  of  the  earlier  analyses. 

49.  Lactic  acid  is  a  constant  constitxient  of  the  gastric  juice;  and  as 
this  is  true  of  carnivorous  as  well  as  of  herbivorous  animals,  it  cannot 
be  looked  on  in  any  other  light  than  as  a  secretion  fi-om  the  blood.  It  is 
also  found  in  the  contents  of  the  small  intestines,  which,  notwithstanding 
the  neutralising  power  of  the  bile,  usually  exhibit  an  acid  reaction ;  but 
although  its  presence  there  may  be  attributed  to  the  admixture  of  the 
gastric  solvent,  yet,  as  it  is  found  in  much  larger  amount  in  the  small 
intestines  of  herbivorous  than  in  those  of  carnivorous  animals,  and  as  its 
proportion  is  increased  in  the  former  by  the  ingestion  of  farinaceous  food, 
the  excess  would  seem  to  be  due  to  the  direct  transformation  of  amy- 
laceous matters  in  the  alimentary  canal.  The  acid  reaction  of  the  mucus 
which  lines  the  intestinal  tube  has  been  found  to  be  due  to  lactic  acid ;  as 
is  also  that  which  often  presents  itself  in  the  contents  of  the  large  intestine, 
especially  when  vegetable  food  has  been  ingested.  Distinct  evidence  has 
been  obtained  of  the  presence  of  lactic  acid  in  the  chi/le  of  herbivorous 
animals,  in  which  it  is  obviously  derived  from  the  food;  on  the  other 
hand,  there  are  indications  of  its  existence  in  the  li/7nph,  where  its  pre- 
sence must  be  rather  attributed  to  its  production  in  the  muscular  sub- 
stance. It  seems  impossible  to  demonstrate  the  existence  of  lactic  acid 
in  healthy  blood,  by  direct  experiment ;  but,  as  Lehmann  remarks,  "  the 
simplest  induction  proves  that  it  must  be  present  there,  even  if  it  only 
remains  for  a  very  short  period;"  since  in  no  other  way  can  it  be  under- 
stood how  the  lactic  acid  introduced  by  the  chyle,  or  generated  in  the 
muscular  substance,  can  find  its  way  into  the  gastric,  urinaiy,  cutaneous, 
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or  other  secretions.  The  fact  appears  to  be,  that  in  the  healthy  state  of 
the  system,  lactic  acid  is  decomposed  by  the  respiratory  process,  or  is 
eliminated  from  the  blood  by  the  secretory  operations,  as  fast  as  it  finds 
its  way  into  the  circulation;  and  thus,  as  in  the  case  of  urea,  it  never 
accumulates  in  the  blood  to  such  a  degree  as  to  make  its  presence 
evident,  unless  it  be  either  introduced  in  undue  proportion,  or  its  elimi- 
nation be  checked.  It  seems  probable  that  when  the  blood  presents 
an  acid  reaction,  as  happens  in  some  diseases,  this  is  to  be  attributed  to 
an  excess  of  lactic  acid ;  since  this  substance,  although  not  distinctly 
detected  in  such  blood,  has  been  clearly  made  out  in  the  fluids  exuded 
from  it.  The  rapidity  with  which  lactic  acid  is  decomposed  by  the  respi- 
ratory process  (carbonic  acid  being  left,  in  combination  with  the  bases), 
may  be  judged  of  by  the  fact,  that  within  from  five  to  thirteen  minutes 
after  considerable  quantities  of  the  alkaline  lactates  have  been  introduced 
into  the  stomach,  or  have  been  injected  into  the  current  of  the  circulation, 
the  mine  is  found  to  be  rendered  alkaline  by  the  presence  of  their  car- 
bonates.— The  existence  of  free  lactic  acid  in  the  juice  of  flesh,  as  long 
ago  asserted  by  Berzelius,  may  now  be  considered  as  a  certainty;  and  it 
is  probable  that,  as  further  maintained  by  Berzelius,  the  amount  of  free 
lactic  acid  in  a  muscle  is  proportioned  to  the  degree  in  which  it  had  been 
previously  exercised.  Now,  that  this  lactic  acid  cannot  have  been 
generated  by  the  du-ect  transformation  of  the  elements  of  food,  and  merely 
attracted  fi-om  the  blood  by  the  musculai'  substance,  but  is  one  of  the 
products  of  the  direct  transformation  of  that  substance  consequent  upon 
the  exertion  of  its  vital  powers,  appears  from  this,  that  it  is  found  in  the 
muscles  of  purely  carnivorous  animals  in  no  smaller  amount  than  in  those 
of  the  animals  that  have  consumed  amylaceous  or  saccharine  matters  as 
food:  and  although  it  has  not  yet  been  produced  artificially,  either  by 
fermentation  or  otherwise,  from  any  nitrogenous  animal  matter,  yet,  as  is 
pointed  out  by  Lehmann,  there  are  strong  indications  that  such  a  conver- 
sion is  by  no  means  hypothetical ;  and  all  that  has  been  said  of  the  gene- 
ration of  sugar  in  the  body  (§  46),  of  course  applies  equally  to  lactic  acid. 
— The  occasional  presence  of  lactic  acid  in  the  urine,  appears  to  have  been 
fully  proved  by  the  researches  of  Lehmann ;  who  has  shown  that  although 
it  cannot  be  considered  as  a  normal  constituent  of  that  excretion,  it  is 
liable  to  appear  there,  whenever  the  quantity  introduced  into  the  blood 
in  a  given  time,  whether  by  the  transformation  of  the  amylaceous  and 
sacchai'ine  constituents  of  the  food,  or  by  the  metamorphosis  of  muscular 
tissue,  is  greater  than  the  respiratory  process  can  carry  off;  and  thus  it 
-may  be  habitually  present  in  the  urine  of  individuals  whose  respiration  is 
obstructed,  notwithstanding  that  no  actual  excess  of  it  has  been  generated 
within  then-  bodies. — Lactic  acid  seems  also  to  be  occasionally  present  in 
the  siveat  (which  owes  its  sour  smell,  however,  to  acetic  acid) ;  and  its 
presence  has  been  suspected  also  in  the  bile,  though  with  respect  to  this 
it  would  not  be  safe  to  make  a  positive  statement. 

50.  On  the  whole,  then,  it  may  be  positively  affirmed,  that  Lactic  acid 
is  a  normal  constituent  of  the  Human  body,  and  that  it  is  to  bo  lookod-on 
under  two  aspects,  both  as  to  its  origin  and  its  destination.  Its  origin 
may  be  attributed, — 1st,  to  the  direct  transformation  of  the  amylaceous  and 
^  saccharine  constituents  of  the  food, — and  2nd,  to  the  metamorphosis  of 
muscular  and  (probably)  other  azotized  tissues.    On  the  other  hand,  its 
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destination  may  be  considered  as  being, — 1st,  to  supply  a  pabulum  for  the 
combustive  process,  and  thus  to  contriloute  in  maintaining  the  heat  of  the 
body, — and  2nd,  to  take  part  in  the  reduction  of  the  albuminous  and 
other  constituents  of  food  in  the  stomach,  either  by  itself  acting  as  the 
solvent,  or  by  decomposing  the  chlorides  of  calcium  or  sodium  contained 
in  the  gustric  fluid,  and  by  thus  setting-fx-ee  hydi'ochloric  acid.  Its  pre- 
sence in  the  urinary  secretion  may  be  regarded  as  exceptional ;  the  kid- 
neys affording  (so  to  speak)  a  safety-valve,  whereby  the  accumulation  of 
lactic  acid  in  the  blood  is  prevented. 

5.  Excrementitious  Substances. 

51.  Although  it  might  seem  more  correct  to  proceed,  in  the  next  place, 
to  speak  of  the  Mineral  or  Inorganic  constituents  of  the  Human  body,  yet 
it  will  better  serve  the  purpose  of  illustrating  the  chemical  metamorphoses 
which  take  place  in  the  economy,  if  we  next  direct  our  attention  to  those 
Organic  compounds,  which  may  be  regarded  as  the  products  of  the  disin- 
tegration of  the  tissues,  or  of  the  decomposition  of  superfluous  alimentary 
matter,  and  which,  wherever  they  are  found  within  the  living  body,  may 
be  considered  as  on  their  way  to  be  eliminated  from  it  by  the  action  of 
the  excretory  organs. — Of  these  excrementitious  matters  it  may  be  stated 
generally,  that  although  their  composition  is  such  as  (with  very  few 
exceptions)  the  Chemist  is  unable  to  imitate  by  the  artificial  union  of  their 
components,  yet  it  is  far  simpler  than  that  of  the  Histogenetic  substances ; 
the  number  of  the  combining  equivalents  of  their  elements  being  smaller, 
and  the  mode  in  which  they  are  united  (as  indicated  by  the  decompo- 
sitions of  which  these  compounds  are  susceptible)  being  usually  much 
more  apparent.  Moreover,  several  of  them  are  remarkable  for  their  capa- 
bility of  assuming  a  crystalline  form ;  which,  as  long  since  pointed  out  by 
Dr.  Proiit,  is  peculiarly  indicative  of  their  incapacity  for  serving  as  mate- 
rials for  the  construction  of  living  tissues.  And  of  all  of  them  it  may  be 
said,  that  their  accumulation  in  the  Blood  is  extremely  deleterious ;  so  that, 
if  they  should  be  generated  faster  than  the  excretory  organs  can  remove 
them,  a  serious  derangement  of  the  vital  economy  is  produced.  These 
peculiarities  separate  the  proper  excrementitious  substances  from  all  those 
which  ai-e  introduced  into  the  body  as  food,  and  which  serve  either  for  the 
genesis  of  tissue,  or  for  the  supply  of  the  combustive  process;  but,  as 
already  remarked,  the  two  groups  are  connected  by  intermediate  links, — 
cholesterine,  though  a  normal  element  of  the  blood,  being  a  component  of 
the  biliary  excretion, — whilst  lactic  acid,  though  a  most  important  ingre- 
dient in  the  gastric  juice,  is  an  essentially  excrementitious  product  of  the 
metamorphosis  of  the  saccharine  compounds,  whose  constant  and  complete 
elimination  from  the  blood  seems  to  be  most  carefully  provided  for. — 
Like  the  histogenetic  substances,  the  proper  Excrementitious  matters  may 
be  divided  into  two  principal  groups,  in  one  of  which  nitrogen  is  the  pre- 
dominating and  characteristic  ingi-edient,  whilst  in  the  other  we  find  carho- 
hydrogen  in  excess ;  and  these  two  groups  form  the  chief  components  of 
the  Urinary  and  the  Biliary  excretions  respectively. 

52.  Of  the  first  of  these  groups,  the  substance  of  by  far  the  most 
importance  in  the  Human  body,  is  Urea;  and  this,  although  not 
possessing  an  alkaline  reaction,  is  regarded  as  basic,  since  it  has  the 
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power  of  forming  saline  compounds  with  acids.  Urea  is  obtained  from 
the  fluids  containing  it,  in  a  crystalline  form :  but  the  shape  of  its  crystals 
varies  according  as  it  separates  rapidly  or  gradually ;  these  being  white, 
silky,  glistening  needles  in  the  former  case ;  and  flat,  colourless,  four- 
sided  prisms,  terminated  by  one  or  two  oblique  sm-faces,  in  the  latter. 
Urea  is  devoid  of  smell,  has  a  saltish  cooling  taste,  and  is  unaffected  by 
exposure  to  the  atmosphere.  It  dissolves  readily  in  its  weight  of  cold 
water,  and  in  hot  water  in  every  proportion ;  it  is  also  soluble  in  4  or  5 
parts  of  cold,  and  in  2  parts  of  warm  alcohol ;  and  it  is  not  precipitated 
from  its  solutions  by  metallic  salts,  tannic  acid,  or  any  other  reagent.  It 
has  been  stated  to  combine  as  a  base  with  a  considerable  number  of 
acids;  but  the  only  salts  which  it  is  certainly  known  to  form,  are  the 
nitrate,  oxalate,  and  hydrochlorate ;  and  it  is  by  the  use  of  either  nitric 
or  oxalic  acid,  that  urea  is  most  readily  obtained  from  its  solutions,  since 
the  salts  which  it  forms  with  them  are  far  less  soluble  in  water  than  is 
m-ea  itself.  Urea  unites  also,  however,,  with  many  salts,  some  of  which 
hold  it  in  such  firm  combination,  that  it  cannot  be  thus  separated 
fi'om  them. — The  composition  of  Urea  is  extremely  simple  in  comparison 
with  that  of  the  azotized  histogenetic  substances,  its  formula  being  2 
Carbon,  4  Hydi'ogen,  2  Nitrogen,  and  2  Oxygen;  but  Chemists  are  not 
yet  agreed  upon  the  mode  in  which  these  atoms  are  united.  The  number 
of  the  combining  equivalents  of  the  respective  elements  is  the  same  as 
that  which  exists  in  the  Cyanate  of  Ammonia;  and  it  was  long  since 
ascertained  by  Wohler,  that  this  salt  may  be  converted  into  (basic)  urea 
by  the  re-arrangement  of  its  atoms,  without  any  alteration  in  its  ultimate 
composition.  This  artificial  production  of  urea  may  be  considered  as  one 
of  the  most  interesting  discoveries  ever  made  in  organic  chemistry. 
When  organic  matters,  either  putrefying  or  capable  of  undergoing  putre- 
faction, are  mixed  with  an  aqueous  solution  of  Urea,  the  latter  is  soon 
converted,  with  the  addition  of  two  equivalents  of  water,  into  Carbonic 
acid  and  Ammonia;  thus  restoring  to  the  atmosphere,  in  their  original 
state  of  combination,  the  compounds  at  whose  expense  the  Plant  first 
generated  the  organic  constituents  of  the  Animal  body.  This  change 
takes  place  in  the  Urine  very  soon  after  its  expulsion  from  the  body ;  the 
mucus  of  the  bladder  acting  as  the  ferment  required.* 

53.  That  Urea  is  to  be  regarded  as  one  of  the  most  important  pro- 
ducts of  the  disintegration  of  the  azotized  tissues  of  the  body,  cannot  now 
be  doubted  for  a  moment.  It  may  be  produced  by  the  decomposition  of 
various  nitrogenous  substances,  both  natural  and  artificial;  and  it  is  a 
fact  of  the  gi-eatest  physiological  interest  (as  will  be  presently  apparent), 
that  it  may  be  obtained  from  creatine  by  the  action  of  baryta-water  or 
alkalies.  In  inquiring  into  the  precise  mode  of  its  production,  we  must 
trace  it  backwards  (so  to  sjDcak)  from  the  Urine,  of  which  in  Man  it  is  the 
characteristic  ingTcdient. — There  is  now  abundant  evidence,  that  urea  is 
not  generated  (as  formerly  supposed)  in  the  act  of  secretion,  but  that  it 
exists  pre-formed  in  the  blood ;  for  not  only  does  it  accumulate  largely  in 
the  circulating  fluid,  when  its  elimination  by  the  normal  outlet  is  checked, 
but  it  presents  itself,  though  in  extremely  small  amount,  in  healthy 

*  See  MM.  Dumas  and  Boussingault  "  On  the  Chemical  and  Physiological  Balance  of 
Organic  Nature,"  .3rd  edit,  (transl.),  p.  41  ;  and  the  Author's  "  Principles  of  Physiolopy, 
Oeneral  and  Comparative,"  p.  186. 
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blood,  as  hcas  beeu  determined  by  Strahl  and  Lieberkiihn,  Garrod,  and  (still 
more  decisively)  by  Lehmann.    That  its  proportion  in  the  circulating 
fluid  never  arises  to  an  amount  that  would  render  it  easily  detectable, 
notwithstanding  that  it  is  continually  either  being  generated  within  the 
vessels,  or  being  absorbed  into  them  from  without,  is  readily  accounted 
for  by  the  avidity  (so  to  sjDeak)  with  which  the  kidney  seizes  upon  even 
the  smallest  proportion  of  this  substance,  and  eliminates  it  from  the 
nutritive  fluid.    The  purpose  with  which  this  organ  has  been  enabled 
thus  to  act,  becomes  obvious  enough  when  it  is  remembered  that  Urea  is 
a  substance  whose  accumulation  in  the  blood  is  most  pernicious;  as  is 
seen  in  various  forms  of  disease,  of  Avhich  the  most  severe  symptoms,  and 
not  unfrequently  the  fatal  termination  itself,  are  directly  attributable  to 
this  mode  of  poisoning.    Moreover,  it  has  been  shown  by  the  calculations 
of  Lehmann,  that  it  would  require  the  whole  iirea  generated  in  the 
system  to  accumulate  in  the  blood  for  at  least  an  hour  (so  as  to  impreg- 
nate it  with  1-2  4th  part  of  the  total  quantity  passed  in  one  day)  before 
it  would  amount  to  such  a  per-centage  as  can  be  certainly  detected  in 
that  fluid.    Even  if  it  could  never  be  recognized  in  healthy  blood,  there- 
fore, no  argument  would  be  thence  furnished  against  the  doctrine  that  it 
is  present  as  such  in  the  blood  before  it  passes  to  the  kidneys.  This 
doctrine  is  confirmed  by  the  fact,  that  Ui'ea  may  be  discovered  in  various 
fluids  separated  from  the  blood;  and  this  not  only  when  the  normal 
elimination  is  checked,  but  also  in  the  usual  state  of  health.    Thus  it 
has  been  found  by  Millon  and  Wohler  in  the  vitreous  and  aqueous 
humours  of  the  eye,  by  Rees  in  milk  and  liquor  amnii,  and  by  Landerer 
in  the  sweat;  and  when  the  renal  arteries  have  beeu  tied,  or  the  kidneys 
have  been  removed,  or  then-  seci'eting  action  has  been  interfered  with  by 
injury  to  their  nerves  or  by  disease.  Urea  has  been  detected  in  almost 
every  secretion  and  fluid  exudation  that  has  been  di'awn  or  ];)oured  forth 
from  the  circulating  current. — The  question  now  arises,  whether  the  Ui'ea 
thus  contained  within  the  blood-vessels  is  generated  there,  or  whether  it 
is  taken  up  from  extraneous  sources,  to  be  conveyed  by  the  current  of  the 
circulation  to  the  excretoiy  outlets.    Now  in  favour  of  the  first  of  these 
opinions  it  may  be  urged,  that,  as  will  apj)ear  hereafter  (chap,  xii., 
SECT.  3),  Urea  is  not  formed  only  from  the  disintegration  of  the  living 
tissues,  but  that  it  is  also  generated  at  the  expense  of  superfluous  alimen- 
tary materials,  which,  having  been  introduced  into  the  blood,  and  not 
being  requu'ed  to  supply  the  wants  of  the  system,  pass  into  decomposition 
without  ever  having  been  converted  into  tissue.    Such  being  the  case,  a 
part  at  least  of  the  Urea  that  is  eliminated  from  the  blood  may  be  con- 
sidered as  having  been  generated  within  the  vessels;  since  it  is  very 
seldom  that  of  the  supply  of  nitrogenous  aliment  ingested  by  man, 
there  is  not  some  portion  that  may  be  considered  supei-fluous.    Now  of 
that  portion  which  has  its  origin  in  the  disintegi'ation  of  the  tissues, 
the  greater  part  may  be  set  down  to  metamorphosis  of  the  muscular 
substance,  since  it  is  found  that  muscular  exercise  has  a  special  power 
of  augmenting  the  quantity  of  urea  in  the  urine;  and  the  qitestion 
arises,  whether  Urea  is  one  of  the  immediate  products  of  this  metamor- 
phosis, or  whether  some  other  compound  is  first  generated,  which  is 
converted  into  lu-ea  after  its  absorption  into  the  circulation.  Now 
although  it  is  impossible  in  the  present  state  of  our  knowledge  to  answer 
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this  question  in  either  way  with  any  degree  of  certainty,  yet  there  is 
certainly  a  strong  j)robability  that  the  second  of  these  views  is  the  correct 
one;  for,  in  the  first  place,  no  trace  of  urea  has  been  found  in  the  'juice 
of  flesh  j'  whilst,  secondly,  this  juice  contains  a  considerable  amount  of 
the  substance  (creatine),  from  which  urea  may  be  generated  artificially 
(§  GO).  That  uric  acid  also  may  be  converted  into  urea  in  the  circu- 
lating blood,  seems  to  have  been  distinctly  proved  by  the  experiments  to 
be  presently  cited  (§  55).  It  appeal's  most  probable,  therefore,  that  the 
products  of  the  disintegration  of  muscle  are  received  into  the  blood,  not 
in  the  form  of  urea  itself,  but  in  that  of  kreatine  or  of  some  other  com- 
pomid,  which  is  capable  of  being  resolved  into  urea  by  further  metamor- 
phosis ;  and  that  the  immediate  source  of  urea,  therefore,  in  the  latter  case 
as  in  the  former,  is  one  of  the  constituents  of  the  circulating  blood. 

54.  Next  in  importance  to  Urea,  and  taking  its  place  as  the  predo- 
minating component  of  the  munary  excretion  of  most  animals  below 
Mammalia,  is  Uric  Acid.  The  small  proportion,  however,  in  which  this 
substance  normally  presents  itself  in  the  urine  of  Man, — its  usual  amount 
being  less  than  1  part  in  1000  of  Urine,  whilst  that  of  Urea  is  from 
about  25  to  32  parts  in  1000, — might  seem  to  render  it  unnecessary  to 
enter  at  leng-th  into  its  chemical  peculiarities  or  its  physiological  relations. 
But  although  in  the  healthy  system  it  may  seem  to  perform  a  subor- 
dinate pai't,  there  can  be  no  doubt  whatever  that  in  various  disordered 
states  of  the  body  an  augmented  production  of  uric  acid,  or  a  deficient 
metamorphosis  or  elimination  of  it,  or  both  conditions  combined,  exercise 
a  very  important  influence,  and  become  the  sources  of  other  perversions  j 
and  it  is  therefore  a  matter  of  great  consequence  to  trace  out,  so  far  as  is 
possible,  the  entire  history  of  this  substance,,  bgth  chemical  and  physiolo- 
gical.— Pure  uric  acid  occurs  either  in  a  glistening  white  powder,  or  in 
very  minute  scales,  whose  form,  when  they  are  examined  by  the  micro- 
scope, is  found  to  be  distinctly  crystalline,  although  the  shape  of  the 
ciystals  is  liable  to  considerable  variation.  As  it  is  by  the  microscope, 
rather  than  by  any  chemical  tests,  that  the  presence  of  uric  acid  is  most 
readily  detected,  and  as  its  protean  forms  of  crystallization,  although 
easily  reduced  by  the  crystal lographer  to  a  determinate  system,  are  liable 
to  perplex  those  who  have  not  the  advantage  of  his  scientific  knowledge, 
it  will  be  advantageous  here  to  cite  the  description  of  them  given  by 
Prof  Lehniann.  "  Uric  acid,  when  it  gradually  and  spontaneously  sepa- 
rates from  urine,  appears  in  most  cases  in  the  whet-stone  form,  that  is, 
it  forms  flat  tablets,  which  resemble  sections  made  with  the  double  knife 
through  strongly  bi-convex  lenses,  or  rhombic  tablets  whose  obtuse 
angles  have  been  rounded.  As  the  urinary  pigment  adheres  very  tena- 
ciously to  the  uric  acid,  it  is  only  rarely  that  these  crystals  are  devoid  of 
colour ;  and  if  we  see  a  crystal  presenting  an  extraordinary  form  and  of 
a  yellow  colour,  the  probability  is  that  it  is  a  crystal  of  uric  acid.  On 
artificially  separating  uric  acid  from  its  salts,  it  often  appears  in  perfect 
rhombic  tablets,  and  even  oftener  in  six-sided  plates  resembling  those  of 
cystine;  when  uric  acid  crystallizes  very  slowly,  it  forms  elongated 
rectangular  tablets  or  parallelopipcds,  or  rectangular  four-sided  prisms, 
with  horizontal  terminal  planes ;  the  latter  are  often  grouped  together  in 
clusters;  we  have  also  barrel-shaped  or  cylindrical  prisms,  which  are 
composed  of  the  more  rarely-occurring  elliptic  tablets;  and  finally  saw- 
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like  or  toothed  crystals,  and  many  derivatives  of  these  forms.  If  we 
cannot  decide  with  certainty  regarding  the  presence  of  mic  acid  from  the 
form  of  a  ciystal,  we  must  dissolve  it  in  potash,  place  it  under  the  micro- 
scope, and  add  a  minute  drop  of  acetic  acid ;  we  shall  then  always  obtain 
one  of  the  more  common  forms."  *  Uric  acid  is  devoid  of  odour  and 
taste;  it  requu-es  1800  or  1900  parts  of  hot  water,  and  14,000  or  15,000 
parts  of  water  at  the  ordinary  temperature  of  68°,  to  dissolve  it;  but  it 
dissolves  readily  in  solutions  of  the  alkaline  carbonates,  phosphates, 
lactates,  and  acetates,  abstracting  some  of  the  alkali  from  the  salts;  it 
is  expelled  from  these  solutions,  however,  by  an  excess  of  the  free  acids. 
Uric  acid  is  one  of  the  weakest  class  of  acids ;  it  does  not  redden  litmus 
paper ;  it  does  not  directly  expel  cai-bonic  acid  from  carbonate  of  potash, 
but  simply  withdraws  a  portion  of  the  alkali,  leaving  the  remainder  in 
the  condition  of  a  bicai'bonate ;  and  it  does  the  same  with  a  solution  of 
basic  phosphate  of  soda,  changing  its  previously-alkaline  into  an  acid 
reaction,  by  the  production  of  a  biphosphate. — According  to  the  analysis 
of  Bensch,  the  formula  of  Uric  Acid  (usually  stated  at  10  C,  4  H,  4  N, 
6  0)  is  really  5  C,  1  H,  2  N,  2  0  -h  H  0.  The  acid  has  not  been  ob- 
tained, however,  in  its  anhydrous  state;  and  its  existence  must  be 
admitted  to  be  hypothetical. 

55.  Uric  acid,  when  subjected  to  the  operation  of  various  reagents, 
may  be  made  to  imdcrgo  a  great  number  of  changes,  and  to  give  rise  to 
a  large  series  of  organic  compounds.  Some  of  these  metamorphoses  it  is 
important  to  notice  here;  as  they  thi'ow  light  upon  the  phenomena  of  the 
living  organism.  Thus  it  is  found  that  urea  may  be  produced  by  the 
artificial  oxidation  of  lu-ic  acid ;  and  this  in  more  than  one  mode.  Thus, 
if  foin-  parts  of  uric  acid  be  mixed  with  eight  parts  of  moderately  strong 
hydrocliloric  acid,  and  one  paii;  of  chlorate  of  potass  be  gradually  intro- 
duced. Urea  is  formed,  together  with  a  new  compound  termed  Alloxan, 
which  in  its  turn  may  be  resolved  by  a  ftirther  supply  of  oxygen  into 
urea  and  oxalic  acid,  or,  by  still  higher  oxygenation,  into  urea  and  car- 
bonic acid.  So,  again,  when  uric  acid  is  boiled  with  peroxide  of  lead, 
there  are  formed,  as  the  resultants  of  the  process,  an  Oxalate  of  the  prot- 
oxide of  lead.  Urea,  and  AUantoin;  this  last  being  a  substance  which 
naturally  presents  itself  in  the  fluid  of  the  allantois  of  the  foetal  calf 
(being,  in  fact,  the  secretion  of  its  temporary  kidneys),  and  which  there 
seems  to  take  the  place  of  urea,  although  its  composition  is  represented 
by  a  very  different  formula  (8  C,  5  H,  4  N,  5  0).  The  production  of 
Urea  fi'om  Uric  acid  is  thus  represented  by  Prof  Liebig : — 

1  equiv.  hj^drated  Uric  acid 

2  equiv.  Water  . 

3  equiv.  Oxygen 


Now  it  has  been  ascertained  by  the  experiments  of  Wohler  and  Frerichs,+ 
that  if  tirate  of  potash  be  injected  in  quantities  of  30  or  40  gi'ains  into 
the  blood-vessels  of  rabbits,  no  uric  acid  shows  itself  in  the  urine,  but  the 

•  "  Physiological  Chemistrv,"  vol.  i.  p.  210. 

t  "  Ann.  der  Cliem.  und  Pharm."  band  Ixv.  pp.  338-342. 


C.  H.  N.  0.         C.  H,  N.  O. 

5    223)       f2422  =  l  equiv.  Urea 
2         2         '3  6—3  equiv.  Carb.  acid. 

 -\\  
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quantity  of  urea  is  enormously  increased,  and  oxalate  of  lime  makes  its 
appearance;  so  that  a  metamorphosis  of  uric  acid  into  urea  must  have 
taken  place  in  the  circulating  current,  and  this  probably  by  means  of  the 
oxidating  process  of  respiration.  *  Further,  there  is  evidence  afforded  by 
the  phenomena  of  calculous  disorders,  that  there  is  a  natural  alternation 
between  the  deposits  of  uric  and  of  oxalic  acids ;  the  latter  being  found  to 
replace  the  former,  when  more  exercise  is  taken  by  the  subjects  of  them, 
whilst  a  still  greater  amount  of  exercise  favours  the  metamorphosis  of  the 
m-ic  acid  into  urea,  by  the  higher  oxygenation  which  the  augmented 
respiration  will  tend  to  produce. t — When  Uric  acid  is  dissolved  in  dilute 
nitric  acid,  and  the  fluid  is  evaporated  until  it  assumes  a  reddish  tint,  the 
solution,  being  allowed  to  cool  to  150'^,  and  being  then  saturated  with 
ammonia,  deposits  a  substance  which  crystallizes  in  short  four-sided  prisms, 
that  ]3resent  a  garnet-red  hue  by  transmitted  light,  but  have  a  cantharides- 
greeu  lustre  by  reflected  light.  This  substance  has  been  named  Murexide, 
on  account  of  its  reddish-purple  colour,  resembling  that  of  the  Tyrian 
dye  which  was  obtained  from  a  species  of  Murex;  but  it  was  long  since 
maintained  by  Dr.  Prout  to  be  in  reality  a  Purpurate  of  Ammonia ;  and 
this  view  of  its  composition,  although  contested  for  some  time,  is  now 
generally  admitted, — the  Purpuric  acid,  or  Murexan,  being  obtained  in  a 
separate  form,  and  entering  into  combinations  of  other  bases.  Murexide 
is  one  source  of  the  colours  of  the  pink  and  lateritious  sediments,  which 
so  frequently  present  themselves  in  the  urine ;  these  hues  partly  depend, 
however,  upon  the  peculiar  colouring  principles  of  that  secretion  (§  64). — 
It  is  by  the  formation  of  murexide  that  the  presence  of  Uric  acid  is  best 
determined  chemically;  for  the  pu.rplish-red  residue  which  its  solution  in 
nitric  acid  leaves  on  evaporation,  suffices  to  ^distinguish  it  from  every 
other  organic  substance,  except  perhaps  caffeine;  and  whatever  doubt 
may  remain  is  dissipated  by  the  development  of  a  splendid  violet  tint  on 
the  addition  of  caustic  potash,  this  being  the  result  of  the  action  of  that 
substance  on  murexide. 

56.  Owing  to  the  almost  complete  insolubility  of  Uric  Acid  in  water, 
so  long  as  it  remains  uncombined,  it  could  not  be  a  constituent  of  the 
urinaiy  secretion,  unless  held  in  solution  by  some  other  substance.  This 
substance  appears  from  the  researches  of  Liebig,  which  have  been  con- 
firmed by  other  Chemists,  to  be  phosphate  of  soda,  which  yields  up  a  part 
of  its  base  to  form  an  acid  urate  of  soda,  and  is  itself  converted  into  a 
supei-phosphate.  This  urate  of  soda  is  not  possessed  of  any  great  solu- 
bility, especially  in  cold  water;  and  thus  it  may  be  precipitated,  if  present 
in  excess,  when  the  temperature  of  the  urine  is  lowered,  although  it  was 
in  a  state  of  perfect  solution  at  the  time  that  the  urine  was  voided.  An 
augmentation  of  the  normal  amount  of  uric  acid  in  the  urine  almost 
always  takes  place  when  there  is  any  febrile  disturbance  in  the  system ; 
and  it  may  be  so  great  as  to  prevent  the  whole  of  the  acid  from  being 

*  According  to  Liebig  ("  Familiar  Letters,"  p.  399),  this  process  is  to  be  likened  to  the 
reduction  of  the  salts  of  the  vegetable  acids,  the  citrates,  tartrates,  nialates,  or  to  that  of  the 
lactates,  to  the  condition  of  carbonates  ;  for,  he  remarks,  "  it  is  well  known  tliat  urea  corre- 
sponds in  composition  to  carbonic  acid  ;  being  carbonic  acid  in  which  lialf  the  oxygen  is 
represented  and  replaced  by  its  equivalent  of  amide  (N,  211)."  This  view  of  its  constitution, 
however  ingenious,  seems  far  from  accordant  with  the  basic  character  of  urea. 

See  Prof.  Licbig's  "  Chemistry  in  its  applications  to  Physiology  and  Pathology," 
2nd  edit.  p.  137. 


58 


CHEMICAL  COMPONENTS  OP  THE  HUMAN  BODY. 


united  with  a  base,  so  that  free  uric  acid  presents  itself  in  the  urine.  It 
is  very  seldom,  however,  that  such  is  the  case ;  for  the  lateritious  sediment 
deposited  in  diseases  attended  with  fever,  consists,  according  to  Lehmann, 
not  of  amorphous  uric  acid  as  was  long  believed,  nor  of  urate  of  ammonia 
as  maintained  by  Dr.  Golding  Bkd,*  but  chiefly  of  urate  of  soda,  mixed 
with  very  small  quantities  of  urate  of  lime  and  m-ate  of  ammonia.  After 
urine  has  been  discharged,  however,  for  an  hour  or  more,  ciystals  of  free 
m'ic  acid  may  frequently  be  found  in  it ;  this  being  consequent  upon  a 
change  in  the  constituents  of  the  urine  itself  on  exposure  to  the  atmo- 
sphere, whereby  lactic  acid  is  developed  in  it,  as  has  been  demonstrated 
by  Scherer.  So,  again,  a  deposit  of  lu'ate  of  ammonia  may  present  itself 
in  urine  that  has  been  exposed  to  the  air  for  a  still  longer  period,  and  has 
undergone  the  alkaline  fermentation ;  but  it  is  very  rare  to  find  crystals 
of  this  salt  in  the  urine  of  pai'aplegic  patients  which  has  become  alkaline 
within  the  bladder,  and  still  rarer  to  discover  it  in  the  urine  which  has 
been  rendered  alkaline  by  the  general  conditions  of  the  system.  As  a 
general  rule  it  may  be  stated,  that  no  conclusions  can  be  drawn  respecting 
the  amount  of  uric  acid  in  the  urine,  from  the  formation  of  a  sediment 
either  of  this  substance  or  of  one  of  its  salts ;  since  the  deposition  of  this 
sediment  will  be  determined  by  a  number  of  conditions  which  affect  its 
solubility,  indeiDCndeutly  of  those  which  occasion  variations  in  the  abso- 
lute quantity  produced.  Among  these,  not  the  least  important  is  the 
amount  of  the  watery  portion  of  the  secretion ;  since  a  diminution  of  this 
may  occasion  a  precipitation  of  m-ate  of  soda  or  urate  of  ammonia  on  its 
cooling,  although  these  salts  were  dissolved  in  it  at  the  temperatm'e  of 
the  body.  So,  again,  the  presence  of  lactic  acid  may  occasion  a  precipi- 
tation of  uric  acid,  although  the  latter  has  not  been  formed  in  excess. 
The  peculiar  conditions  of  the  system  which  give  rise  to  these  deposits, 
will  have  to  be  considered  hereafter  (chap,  xii.,  sect.  3). 

57.  Tracing  back  the  formation  of  Uric  acid,  as  we  have  attemjDted  to 
do  in  the  case  of  Urea,  we  find  ample  evidence,  in  the  firet  place,  that  it 
is  not  generated  in  the  act  of  secretion,  but  that  it  pre-exists  in  the  blood ; 
as  it  has  been  detected  there,  not  merely  in  diseased  states  of  the  system, 
in  which  either  its  elimination  is  checked,  or  its  production  is  increased, 
or  both  conditions  concur ;  but  even,  though  in  very  minute  quantity,  in 
Ileal  thy  blood,  t  Urate  of  soda  is  found  in  abundance  in  gouty  concre- 
tions and  tophaceous  deposits ;  and  it  has  been  observed  by  Dr.  G.  Bird 
as  a  sort  of  efilorescence  on  the  surface  of  the  limbs  of  patients  suffering 
under  rheumatic  gout.|  It  cannot  be  doubted  that  Uric  acid  is  formed, 
either  directly  or  indirectly,  by  the  metamorphosis  of  the  protein-com- 
pounds, whether  this  be  consequent  upon  the  disintegration  of  the  living 
tissues,  or  upon  the  decomposition  of  superfluous  alimentary  materials; 
and  we  have  seen  that  there  is  adequate  evidence  that  it  may  be  con- 

*  By  Dr.  Golding  Bird,  however,  it  is  still  maintained  that  uric  acid  normally  exists  in 
the  urine  in  combination  with  ammonia,  derived  from  the  phosphate  of  soda  and  ammonia 
which  he  believes  to  be  one  of  its  ordinary  constituents ;  and  that  in  the  deposits  in  question 
the  urate  of  ammonia  predominates,  though  he  allows  that  the  urates  of  soda  and  lime  are 
also  to  be  found. — See  his  "  Urinary  Deposits,"  3rd.  edit.,  pp.  78  and  128. 

+  See  Dr.  Garrod's  Observations  on  certain  pathological  conditions  of  the  Blood  in  Gout, 
Klicumatisni,  and  Bright's  Disease,  in  "  Medico-Chirurg.  Trans."  vol.  .\xxi. 

t  Op.  cit.,  p.  l;37. 
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verted  into  urea  in  the  living  body,  as  in  the  laboratory  of  the  Chemist, 
wliilst  there  is  no  corresponding  evidence  that  urea  can  be  converted  into 
uric  acid.  When  it  is  borne  in  mind,  also,  that  uric  acid  is  by  far  the 
more  general  of  these  two  substances, — urea  being  almost  peculiar  to  the 
Mammalian  class  which  is  remarkable  for  the  fluidity  of  its  urine,  whilst 
uric  acid,  in  combination  with  soda  and  ammonia,  is  the  characteristic 
constituent  of  the  semi-solid  urine  of  the  oviparous  Vertebrata,  as  well  as 
of  that  of  many  Invertebrate  animals,* — there  seems  a  strong  probability 
that  uric  acid  is  one  of  the  fii'st  products  (if  not  actually  the  first)  of  that 
metamorphosis,  and  that  urea  is  subsequently  generated  from  it  during  its 
passage  thi-ough  the  circulation. — That  of  the  entire  amount  of  uric  acid 
generated  in  the  system,  a  part  is  directly  derived  from  the  food,  when 
this  contains  a  supei'fluity  of  azotized  compounds,  appears  from  the  expe- 
riments of  Lehmann,  who  found  that  whilst  he  voided  11-24  grains  of  m-ic 
acid  in  twenty-fom-  hours,  whilst  living  upon  a  diet  entirely  unazotized, — 
this  quantity  therefore  representing  that  which  results  from  the  '  waste ' 
of  the  tissues  alone, — he  disengaged  15-7  grains  when  living  upon  a  vege- 
table diet,  18 '17  grains  upon  a  mixed  animal  and  vegetable  diet,  and 
22-64  grains  (or  rather  more  than  double  the  first  amount)  when  his  diet 
was  exclusively  animal.  This,  as  will  hereafter  appear,  is  a  point  of  con- 
siderable importance  in  the  treatment  of  diseases  attended  with  excessive 
production  of  uric  acid.  Scarcely  a  trace  of  uric  acid  has  yet  been 
detected  in  the  muscles;  but  it  has  been  recently  found  by  Scherer  in 
considerable  quantity  in  the  spleen,  where  it  is  accompanied  by  another 
substance  nearly  related  to  it  in  composition,  which  he  has  also  obtained 
from  the  heart,  both  of  man  and  of  the  ox.  This  substance,  which  has  been 
termed  Hypoxanthine,  presents  itself  in  the.  form  of  a  white  crystalline 
powder,  which  is  soluble  in  180  parts  of  boiling  water,  but  requires  1090 
parts  of  cold  water  for  its  solution,  so  that  it  is  deposited  on  the  cooling 
of  a  decoction  of  the  substance  of  the  spleen,  t  Its  formula  is  5  C,  2  H, 
2  N,  10;  and  it  thus  contains  2  equiv.  less  of  oxygen  than  hydrated 
Uric  acid,  into  which  it  may  very  probably  be  metamorphosed. 

58.  Uric  acid  is  almost  uniformly  replaced  in  the  urine  of  herbivorous 
animals  by  an  acid  of  very  different  composition;  which,  having  been 
first  distingaiished  by  Liebig  in  the  urine  of  the  horse,  was  named  by  him 
Hippuric  acid.  His  subsequent  inquiries  satisfied  him  that  it  also  exists 
normally,  though  in  comparatively  small  quantities,  in  the  m-ine  of  Man, 
especially  after  the  use  of  vegetable  food ;  and  if  it  is  ever  entirely  absent,  it 
is  probably  so  only  when  the  diet  is  exclusively  animal, — -just  as  it  is  absent 
from  the  urine  of  calves  while  suckling,  being  replaced  in  them  by  uric  acid, 
Hippuric  acid  crystallizes  from  hot  solutions  in  the  form  of  minute  span- 
gles, or  of  larger,  obliquely-striated,  four-sided  prisms,  terminating  at  the 
ends  in  two  flat  surfaces;  the  elementary  form,  however,  which  is  best 

*  A  substance  termed  Guanine,  which  has  weak  basic  properties,  and  whose  formula  is 
10  C,  5  H,  6  N,  2  0,  has  been  discovered  by  Unger  in  guano,  which  is  the  mingled  urinary 
and  fcecal  excrement  of  sea-fowls;  it  has  been  recently  discovered  also  in  the  excrements  of 
spiders,  by  Will  and  Gorup-Besanez  ;  and  they  think  it  probable  that  a  substance  which 
they  find  in  the  urinary  organs  of  the  river  craw-fish  and  of  the  fresh-water  nutssel,  is 
identical  with  this.  Dr.  J.  l5avy  believed  that  the  urinary  secretion  of  scorpions  and  spiders 
consists  for  the  most  part  of  xanthine  or  '  uric  oxide '  G5)  ;  but  the  substance  which  he 
discovered  was  more  probably  guanine. 

+  "Ann.  der  Chcm.  undPharm.,"  band  ixxiii.  p.  328. 
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seen  in  ciystals  obtained  by  slow  evaporation,  is  a  vertical  rhombic  prism. 
This  acid  is  devoid  of  smell,  has  a  slightly  bitter  but  not  an  acid  taste, 
dissolves  in  400  parts  of  cold  water,  and  very  freely  in  hot  water,  and 
reddens  litmus-paper  powerfully.  Its  formula  is  1 8  C,  8  H,  1  N,  5  0,  +  HO ; 
and  it  is  thus  remarkable  for  the  almost  complete  absence  of  nitrogen  and 
for  the  large  proportion  of  carbon,  a  constitution  which  approximates  it 
closely  to  the  biliary  compounds.  When  boiled  with  concentrated  hych-o- 
chloric  acid,  this  substance  undergoes  a  very  remarkable  change;  being 
resolved  into  Glycine  or  gelatin-sugar  (§  33),  and  Benzoic  acid,  probably 
in  the  manner  following,  one  additional  equivalent  of  water  being  alone 
required. 

C.  H.  N.  0.         C.  H.  N.  0. 

1  equiv.  hydrated  Hipp,  acid  =.18    9    1    6-,       r  4    5    1    4=rl  equiv.  Glycine 

1  equiv.  Water   .       .       =        1         ll         Il45         3=1  equiv.  Benzoic  acid. 


18  10    1    7^       M8  10    1  7 

Vai'ious  other  reagents  will  cause  the  production  of  benzoic  acid  at  the 
expense  of  hippuric ;  and  this  change  takes  j)lace  during  the  putrescent 
fermentation  of  urine  of  which  hippm-ic  acid  is  a  constituent.  According 
to  the  view  origiually  suggested  by  Strecker,  hippuric  acid  is  really  to  be 
considered  as  a  '  conjugated  acid,'  formed  by  the  union  of  benzoic  acid, 
which  he  supposed  to  pre-exist  in  it,  with  an  adjunct  composed  of 
4  C,  H  3, 1  N,  2  0,  which  in  separating  takes  to  itself  an  equiv.  of  water  and 
forms  glycine ;  and  this  view  (although  since  abandoned  by  Strecker  him- 
self) is  considered  by  Lehmami  as  the  most  probable,  especially  since  one 
of  the  biliary  acids  (§  68)  appears  to  have  an  analogous  constitution, 
glycine  being  there  also  generated  by  the  action  of  acids  upon  it.*'  The 
close  relation  of  Hippuric  to  Benzoic  acid  is  further  indicated  by  the 
well-established  fact,  that  not  only  benzoic  acid,  but  also  the  oil  of  bitter 
almonds,  and  cinnamic  acid,  which  have  the  same  compound  radical 
benzoyl,  are  converted  into  hippuric  acid  in  the  body.+ 

59.  The  remarkable  predominance  of  Carbon  in  Hippuric  acid,  and  its 
limitation  to  the  urine  of  animals  which  partly  or  entirely  subsist  on 
vegetable  food,  seem  at  first  sight  to  support  the  idea  of  its  discoverer, 
that  it  is  mainly  formed  at  the  expense  of  the  non-azotized  ai'ticles  of  food. 
But  this  view  is  directly  opposed  by  the  following  facts  stated  by  Prof. 
Lehmaim : — in  the  urine  of  patients  suffering  under  fibrile  diseases,  and 
taking  but  a  very  small  amount  of  food  of  any  kind,  the  amount  of  hip- 
pm-ic acid  in  the  m'ine  is  increased;  the  m-ine  of  tortoises  which  had 

*  See  his  "  Physiological  Chemistry,"  vol.  i.  pp.  189-192.— The  term  '  conjugated  acid ' 
is  applied  to  a  class  of  compounds  recently  discovered,  in  which  certain  organic  acids  unite 
■with  other  and  more  basic  bodies  without  losing  anything  of  their  acidity,  still  saturating 
the  same  quantity  of  base  as  if  the  organic  '  adjunct'  did  not  exist.  This  adjunct,  which 
follows  the  acid  as  an  integral  constituent  through  all  its  combinations,  exerts  an  essential 
influence  on  its  physical,  and  even  on  many  of  its  chemical  properties.    (Op.  cit.,  p.  184.) 

t  It  was  at  one' time  considered,  that  the  hippuric  acid  which  appears  in  the  urine  after 
the  administration  of  the  benzoic,  is  formed  at  the  expense  of  the  uric ;  and  it  was  proposed 
by  Dr.  A.  Ure  to  administer  benzoic  acid,  when  a  tendency  to  the  increased  production  or  to 
the  precipitation  of  uric  acid  shows  itself  in  the  system,  in  order  that  it  may  be  eliminated  in 
the  more  soluble  form  of  hippuric  acid.  But  the  results  of  analysis  do  not  bear  out  this  view; 
the  quantity  of  uric  acid  in  the  urine,  after  the  administration  of  benzoic  acid,  not  showing 
any  perceptible  diminution. 
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been  kept  fasting  for  more  than  six  weeks,  still  contained  hippuric  acid ; 
and  the  nrine  of  diabetic  patients  restricted  to  a  pm-ely  animal  diet  also 
exhibits  it.  Fm-ther,  it  is  occasionally  to  be  detected,  as  we  learn  from 
Dr.  G.  Bird  (Op.  cit.  p.  195),  in  the  urine  of  infants  at  the  breast.  More- 
over, since  it  has  been  ascertained  by  Guckelberger  that  the  azotized  histo- 
genetic  substances,  when  treated  with  oxidizing  agents,  yield  benzoyl - 
compoimdsj  and  since  albuminous  as  well  as  gelatinous  substances  yield 
glycine  (§  33)  j  it  would  appear  highly  probable  that  Hippuric  acid  is  to  be 
regarded  as  one  of  the  products  of  their  decomposition,  and  that  it  is  not 
in  any  way  derived  from  non-azotized  articles  of  food.  The  peculiar  rich- 
ness in  carbon  which  distinguishes  this  substance,  is  by  no  means  opposed 
to  such  a  view ;  since  an  equal  proportion  is  found  in  biliary  matters,  and 
also  in  the  colouring  matters  of  the  urine,  the  materials  of  both  of  which 
ai'e  unquestionably  derived  in  great  part  from  the  metamorphosis  of  the 
azotized  tissues.  And  when  all  the  facts  of  the  case  are  taken  into  account, 
it  does  not  seem  difl&cult  to  account  for  the  peculiar  proneness  of  this  acid 
to  appear  in  the  lu'ine  of  herbivorous  animals ;  since  the  abundance  of  the 
carbonaceous  elements  of  their  food  will  tend  to  prevent  the  oxidation  of 
the  highly-carbonized  products  of  the  waste  of  the  tissues,  and  will  thus 
leave  these  to  be  got  rid  of  through  the  liver  and  kidneys.  And  this  view 
derives  confirmation  from  the  fact,  that  when  stall-fed  animals,  in  whose 
m-ine  hippuric  acid  abounds,  are  subjected  to  exercise,  the  hippuric  acid 
is  more  or  less  completely  replaced  by  benzoic  acid,  which  contains 
a  smaller  proportion  of  carbon.  Further,  when  hippuric  acid  presents 
itself  in  imusual  amount  in  states  of  disease,  its  appearance  is  generally 
coincident  with  imperfect  action,  either  of  the  lungs,  skin,  or  liver,  which 
ai'e  the  three  great  emunctories  of  carbonaceous^  matters ;  so  that  its  pre- 
sence in  the  urine  may  be  considered  as  indicating  that  a  larger  amount 
of  carbonaceous  matter  is  present  in  the  circulation,  than  the  respiratory 
process,  with  the  cutaneous  and  biliary  excretions,  can  remove.  That 
there  is  generally  a  deficiency  of  urea  in  the  urine,  when  hippuric  acid 
makes  its  appearance  in  unusual  quantity,  seems  an  additional  indication 
that  these  two  substances  are  derived  fi'om  the  same  ultimate  sources. — 
Hippuric  acid  has  not  yet  been  detected  in  Human  blood,  or  in  any  other 
secretion  than  the  luinaryj  but  it  has  been  discovered  in  the  blood  of 
the  Ox. 

60.  Two  substances  have  been  recently  detected  in  the  urine,  which  are 
of  very  considerable  interest,  as  tending  to  connect  the  formation  of  the 
components  of  this  secretion  with  the  disintegration  of  the  azotized  tissues, 
more  intimately  than  the  facts  previously  known  appeared  to  justify. 
These  substances  are  termed  Creatine  and  Creatinine,  designations  which 
were  conferred  upon  them  from  their  presence  in  the  'juice  of  flesh,'  of 
which  they  are  constant  constituents,  and  from  which  they  may  be  most 
readily  obtained. —  Creatine  is  a  neutral  substance,  presenting  itself  in  the 
form  of  colourless  transparent  crystals,  which,  when  they  are  deposited 
from  a  concentrated  solution,  are  long  and  acicular,  but  when  formed 
more  slowly  are  short  and  thick;  these  crystals  contain  two  equiv.  of 
water  of  crystallization,  which  they  lose  when  heated  to  112°,  themselves 
becoming  opaque.  It  is  very  soluble  in  hot  water,  but  requires  74-4  parts 
of  cold  water  to  dissolve  it.  It  is  of  a  bitter,  strongly  pungent  taste ;  and 
irritates  the  pharynx.    Its  formula  is  8  C,  9  H,  3  N,  4  0.    The  proportion 
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which  Creatine  bears  to  the  whole  mass  of  flesh  is  very  small,  and  is  sub- 
ject to  considerable  variation  in  different  animals,  as  well  as  (probably)  in 
different  states  of  the  same.  Thus  in  1000  parts  of  ox-heart  Dr.  Gregory 
found  from  1-37  to  1-42  parts  of  creatine;  in  the  same  amount  of  the 
flesh  of  the  cod,  0-93  in  one  experiment,  and  1-7  (or  nearly  double)  in  the 
other ;  in  the  flesh  of  a  pigeon,  1  -82  j^arts ;  and  in  that  of  a  skate  no  more 
than  0-60  parts.  It  has  not  been  detected  in  the  substance  either  of  the 
brain,  liver,  or  kidneys;  and  its  proportion  in  the  urine  is  so  small  that 
this  has  not  yet  been  determined,  its  place  being  almost  entirely  occupied 
by  creatinine.  When  creatine  is  boiled  with  alkaline  solutions  or  with 
baryta-water,  it  is  resolved  into  Urea  and  a  new  substance  termed  Sarco- 
sine;  and  for  the  reasons  already  given  (§  53),  it  seems  likely  that  some 
such  change  as  that  represented  by  the  following  formula  takes  place  in 
the  living  body. 


It  is  true  that  Sarcosine  does  not  make  its  appearance,  as  such,  in  the  solids 
or  fluids  of  the  body ;  but  tliere  is  reason  to  think  that  it  may  be  rapidly 
decomposed,  for  by  the  addition  of  one  equiv.  of  water,  it  would  become 
isomeric  with  lactate  of  ammonia,  and  may  not  impossibly,  therefore,  be 
further  reduced  by  the  respiratoiy  process,  in  the  same  manner  as  are 
the  lactates  generally  (§  49).  Although  Creatine  dissolves  unchanged  in 
dilute  acids,  it  becomes  converted,  by  heating  with  strong  acids,  into 
Creatinine,  giving  off  two  equiv.  of  water.  This  substance,  which  also 
forms  prismatic  crystals,  moderately  soluble  in  water,  differs  considerably 
from  creatine  in  its  chemical  relations;  for  it  has  a  strong  alkaline  reac- 
tion, even  separating  ammonia  from  its  salts,  and  serves  as  a  powerful 
base  to  acids,  with  which  it  forms  soluble  and  readily  crystallizable  salts. 
It  also  forms  double  salts  with  various  metallic  compounds,  in  a  manner 
very  analogous  to  ammonia;  and  among  these  is  the  white  crystalline 
compound  with  chloride  of  zinc,  whose  production  in  the  urine,  upon  the 
addition  of  that  substance,  first  led  to  the  detection  of  creatine  and  crea- 
tinine as  constituents  of  the  secretion. 

61.  The  relations  of  these  two  substances,  both  chemical  and  physiolo- 
gical, pretty  clearly  indicate  that  Creatinine  is  to  be  regarded  as  a  deriva- 
tive from  Creatine;  for  whilst  the  latter  predominates  in  the  juice  of  flesli, 
almost  to  the  exclusion  of  the  former,  the  former  predominates  in  the 
urine  almost  to  the  exclusion  of  the  latter.  Moreover,  as  we  have  just 
seen,  creatinine  may  be  produced  by  a  very  simple  process  from  creatine ; 
and  this  change  takes  place  in  urine  even  after  it  has  passed  out  of  the 
body,  for,  when  putrid,  this  fluid  is  no  longer  found  to  contain  creatine, 
the  whole  of  that  substance  having  undergone  metamorphosis.  On  the 
other  hand,  creatinine  cannot  be  converted  into  creatine  by  any  known 
chemical  process ;  and  there  is  no  evidence  that  such  conversion  ever  takes 
place  in  the  living  body.  Looking,  then,  to  the  nature  of  creatine  itself, 
to  its  relations  to  creatinine  and  to  lu'ea,  and  to  the  fact  that  it  is  a 
constituent  of  xirine,  there  can  be  no  doubt  whatever,  that  so  far  from 
being  an  alimentary  substance,  whose  presence  in  the  musculai"  tissue 
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2    4    2    2  =  1  equiv.  Urea 


I  equiv.  crystallized  Creatine  =  811  3 
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serves  an  important  purpose  in  nutrition,*  it  is  from  the  first  destined  to 
excretion,  and  is  received  back  into  the  circulation  by  absorption  from 
the  muscidai'  tissue,  to  be  eliminated,  chiefly  under  different  forms, 
through  the  kidneys.  As  it  is  found  so  constantly  in  the  juice  of  flesh, 
more  abundantly  in  that  of  wild  and  hunted  animals  than  in  that  of 
tame  and  domesticated  races,  and  most  abundantly  of  all  in  the  substance 
of  that  never-resting  muscle,  the  heart,  it  may  be  fairly  presumed  to  be  a 
product  of  the  disintegration  of  the  muscular  tissue ;  and,  so  far  as  we  at 
present  know,  it  is  the  first  product  of  that  metamorphosis.  Of  the  mode 
in  which  that  change  is  effected,  however,  or  of  the  nature  of  the  com- 
plementary substances  into  which  the  protein-compound  resolves  itself, 
we  are  at  present  entirely  ignorant. 

62.  Some  light  upon  this  last  point,  however,  may  possibly  be  derived 
from  the  study  of  the  other  constituents  of  the  '  juice  of  flesh.'  In  this 
Liebig  occasionally  detected  an  acid,  to  which  he  has  given  the  name  of 
Inosic;  this  is  not  crystallizable,  but  forms  a  syrupy  fluid  readily  dissolving 
in  water,  and  possesses  an  agreeable  taste  of  the  juice  of  meat.  It  reddens 
litmus  strongly,  and  forms  crystallizable  salt  with  bases.  Its  formula  is 
considered  to  be  10  C,  6  H,  2  N,  10  0  -f-  H  0 ;  and  it  is  thus  remarkable 
for  the  large  proportion  of  oxygen  which  it  contains.  It  has  not  been 
detected  either  in  the  urine  or  in  any  other  excretion ;  and  if  its  absence 
in  the  excretory  fluids  should  be  substantiated,  it  must  evidently  undergo 
some  metamorphosis  in  its  passage  from  the  muscles  to  the  final  outlets 
of  the  products  of  their  disintegration.  Dr.  G.  Bird  has  pointed  out 
(Op.  cit  p.  37)  that  the  constituents  of  Inosinic  acid  are  exactly  those  of 
Acetic  acid.  Oxalic  acid,  and  Urea; 


C.  H.  N.O. 

1  equiv.  hydrated  Inosinic  acid  =  10    7    211  = 


t.  H.  N.  0. 

■  4    3  3  =  1  eqniv.  Acetic  acid 

4  6=2  equiv.  Oxalic  acid 

-    2    4  2    2  =  1  equiv.  Urea, 
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and  suggests  this  as  a  possible  resolution  of  the  first-named  substance,  the 
acetic  and  oxalic  acids  being  carried  off  by  oxidation  through  the  lungs, 
and  the  urea  being  removed  by  the  kidneys.  It  is  some  confirmation 
of  this  view,  that  acetic  acid  has  been  found  by  Scherer  in  the  juice  of 
flesh.  Inosinic  acid,  however,  would  not  appear  to  be  one  of  the  neces- 
sary products  of  the  disintegration  of  muscle;  for  it  is  frequently  absent 
altogether,  and,  when  it  is  present,  its  quantity  is  very  variable. — Two 
other  organic  acids  have  been  observed  by  Liebig  in  the  juice  of  flesh, 
besides  the  lactic  (§  48) ;  but  little  is  iinown  of  their  composition.  From 
his  latest  inquiries,  however,  it  appears  that  the  juice  of  flesh  imme- 
diately on  being  expressed  has  no  acid  reaction,  but  that  this  very 

*  This  doctrine,  advanced  by  Prof.  Liebig  in  bis  important  treatise  on  "  The  Chemistry  of 
Food,"  is  a  specimen  of  the  absurdities  into  which  even  so  eminent  a  Chemist  may  be 
betrayed,  when  he  abandons  that  path  of  purely  chemical  resesirch  in  which  he  is  approached 
by  few,  to  speculate  upon  a  subject  of  which  he  is  comparatively  ignorant,  and  on  which  the 
opinions  of  scientific  Physiologists  have  a  much  higher  claim  to  consideration. — Both  Chemists 
and  Physiologists,  however,  are  now  so  generally  in  accordance  with  regard  to  the  excremen- 
titious  character  of  Creatine,  that  the  original  doctrine  of  Prof.  Liebig  will  probably  be  soon 
forgotten. 
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speedily  presents  itself  on  exposure  of  the  fluid  to  the  atmosphere ;  from 
which  it  may  be  inferred  that  these  acids  do  not  originally  exist  in  the 
fluid,  but  that  they  are  formed  there  by  a  fermentation-process  subse- 
quently to  its  removal  from  the  body.  The  recent  discoveiy  of  Inosite, 
or  muscle-sugar  (§  46),  appears  to  afford  a  connecting  link  by  which  we 
may  account  for  the  production  of  lactic  acid  in  this  situation. 

63.  It  will  the  better  serve  to  show  the  remarkable  predominance  of 
Nitrogen  in  neai-ly  all  of  these  excrementitious  matters  now  described,  if 
we  arrange  their  respective  formulae  in  a  tabular  mode,  and  compare 
the  2^^'>^-centages  of  that  element  which  they  severally  contain. 


Carbon. 

Hydrogen. 

Nitrogen. 

Oxygen. 

Per-centag 
of  Nitrogei 

Albumen  ■fJ'J*^!'!^ 
'■Mulder 

49 
40 

36' 
31 

6 
5 

14 
12 

}  16-67 

Urea 

2 

4 

2 

2 

46-67 

Uric  Acid 

6 

2 

2 

3 

33-33 

Ilippuric  Acid  (hydrated) 

18 

9 

1 

6 

7-82 

Iiiosic  Acid  (hydnited)  . 

10 

7 

2 

11 

15-30 

Allantoine  (iiydrated) 

8 

5 

4 

6 

3.V44 

Creatine 

8 

9 

3 

4 

32-06 

Creatinine 

8 

7 

3 

2 

37-17 

Tims  we  sec  that  whilst  the  proportion  of  nitrogen  in  Inosic  acid  is 
almost  precisely  the  same  as  in  Albumen,  the  proportion  of  nitrogen  in 
Uric  acid,  Allantoine,  Creatine,  and  Creatinine,  is  more  than  double  that 
which  Albumen  contains,  whilst  that  of  Urea  is  almost  exactly  tri23le;  on 
the  other  hand,  the  per-ceutage  of  nitrogen  in  Hippuric  acid  is  exactly 
half  that  which  is  found  in  Albumen.  Again,  the  per-centage  of  carbon 
in  Hippuric  acid  (60-33)  considerably  exceeds  that  which  Albumen  con- 
tains (54-88),  and  is  no  less  than  three  times  as  great  as  that  which  exists 
in  Urea  (20-0). 

64.  Before  quitting  these  characteristic  components  of  the  Urinary 
secretion,  it  will  be  desirable  to  mention  certain  other  organic  substances, 
of  which  some  are  constantly  present  in  it,  whilst  the  occm-rence  of  others 
is  exceptional  or  abnormal. — Chemists  have  been  in  the  habit  of  designat- 
ing under  the  general  term  Extractive  Matters,  substances  which,  whether 
they  are  produced  by  the  reagents  employed,  or  exist  preformed  in  the 
animal  fluids,  are  so  deficient  in  characteristic  properties,  that  they  are  not 
capable  of  being  distinguished  by  analytical  processes,  or  of  being  sepa- 
rated and  exhibited  in  a  pure  state.  With  the  progress  of  science,  how- 
ever, one  substance  after  another  has  been  withdrawn  from  this  group; 
thus  by  the  more  attentive  study  of  the  extractive  matters  of  the  Urine, 
creatine,  creatinine,  and  hippuric  acid  have  been  found  among  its  com- 
ponents; and  the  extractive  of  the  Blood  has  already  yielded  ^Mulder's 
binoxide  and  tritoxide  of  protein  (§  30),  and  will  probably  afford  many 
more  substances  equally  capable  of  being  separately  and  characteristically 
disting-uished.  The  Extractive  matters  must  therefore  be  regarded, 
according  to  the  just  remark  of  Lehmann,  as  important  factors  in  the 
metamoi-phosis  of  animal  tissue,  both  progressive  and  reti'ograde,  and 
deserve  the  most  careful  and  attentive  Chemical  examination.  Among 
the  extractives  of  the  Urine,  have  been  usually  ranked  the  Colouring 
Matters;  the  study  of  which,  for  reasons  cnimierated  by  Lehmann  (Op» 
cit.  p.  318),  is  attended  with  peculiar  difficulties.    It  was  siiggested  by 
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Dr.  Prout  that  two  distinct  pigments  probably  exist ;  and  this  view  is  to 
a  certain  extent  confirmed  by  the  recent  investigations  of  Scherer*  and 
Heller,  t    These,  however,  seem  to  indicate  that  there  is  originally  but  a 
single  pigment  (the  uroxanthin  of  Heller),  probably  derived  from  the 
h^ematin  of  disintegrated  blood-corpuscles  (or  possibly  from  the  pig- 
mentary matter  of  the  nerve-vesicles,  which  may  itself  be  derived  from 
the  blood-corpuscles,  §  31) ;  but  that  this  pigment  may  be  very  easily 
decomposed  into  two  substances,  differing  in  their  respective  amounts  of 
carbon  and  hydi'ogen.    One  of  these,  termed  by  Heller  uro-glaucin,  forms 
a  dark  blue  powder,  which,  when  dried,  possesses  a  coppery  lustre  and 
dissolves  in  alcohol  with  a  splendid  purple  colom*.    The  other  colouring 
substance,  which  may  be  generated  by  the  action  of  hydrochloric  and 
other  acids  uj)on  the  ordinary  urine-pigment,  is  of  a  yellowish  pink  hue 
when  dissolved  in  alcohol,  and  specially  attaches  itself  to  the  uiic-acid  salts, 
which,  when  they  are  depositee!  from  the  urine,  carry  it  down  with  them, 
just  as  alumina  carries  down  the  colouring  matter  of  cochineal;  this 
substance  (the  ttro-erytJirine  of  Simon,  the  ur-rhodin  of  Heller)  was  long 
since  termed  purpurine"^  by  Dr.  G.  Bird,  and  by  this  name  it  may  be 
most  conveniently  designated.    The  urine-pigment  as  a  whole  is  remark- 
able for  the  large  proportion  of  carbon,  58^  per  cent,  which  it  contains; 
in  the  purpmine  generated  by  the  action  of  hydrochloric  acid  on  urine, 
the  proportion  of  carbon  is  62^  per  cent;  but  in  the  urine  of  patients 
suflFeiing  under  febrile  disorders  or  organic  disease  of  the  liver,  in  which 
a  veiy  lai'ge  amount  of  purpurine  exists,  a.nd  in  which  bile-pigment  (a 
still  more  highly  carbonized  substance,  §  70)  is  very  commonly  present 
likewise,  the  proportion  of  carbon  has  been  found  to  rise  even  to  65 1  per 
cent.    The  pathological  conditions  under  which  the  amount  of  this  car- 
bonaceous pigment  increases,  are  such  as  to  indicate  that  the  elimination 
of  carbon  by  the  liver,  lungs,  and  skin  is  not  being  performed  with  its 
due  activity;  and  the  superfluity  is  thus  thrown  upon  the  kidneys  for 
excretion. § — There  seems  no  doubt  that  even  normal  Urine  contains 
Sulphiu-  in  an  unoxidized  state;  and  the  inquiries  of  Prof  Ronalds  have 
led  him  to  the  conclusion,  that  this  element,  together  with  a  small 
quantity  of  Phosphoras,  is  contained  in  a  peculiar  compound  which 
forms  part  of  the  so-called  '  extractive.'    This  compound  has  not  yet 
been  obtained  in  a  separate  form ;  hwt  it  furnishes  the  medium  for  the 
elimination  of  from  at  least  3  to  o  grains  of  sulphur  in  the  twenty-four 
hours.    The  sulphur  and  phosphoi-us  set  free  by  the  disintegration  of  the 
albuminous  tissues,  are  for  the  most  part  oxidated  in  the  system,  and 
carried  out  of  it  in  the  form  of  sulphuric  and  phosphoric  acids,  in  union 
with  bases.    But  as  we  shall  hereafter  see  (§  69),  a  provision  exists  in 
the  biliary  excretion,  for  cairying  off  a  large  amount  of  sulphur  in  an 
unoxidized  state ;  and  it  would  appear  as  if  the  urine  became  the  vehicle 
for  whatever  unoxidized  sulphur  may  remain  to  be  eliminated.  The 

*  "  Ann.  der  Chem.  und  Pharm."  band  Mi.  pp.  180,  195. 
t  "Arch,  fur  Chcmie  und  Mikrosk,"  band  ii.  pp.  161,  173. 

+  It  is  important  to  bear  in  mind  that  this  substance  has  no  relation  whatever  to  mure^vide 
\y  5.5),  which  was  termed  purpurale  of  ammonia  by  Dr.  Prout,  under  the  influence  of  an 
erroneous  view  of  its  constitution. 

fSee  Dr.  Golding  Bird's  "  Urinary  Deposits,"  3rd  edit,  pp.  171-177,  and  chap.  xii. 
SKCT.  3,  of  the  present  volume. 
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normal  presence  of  this  sulphur- extractive  in  the  urine,  has  an  interest- 
ing relation  to  the  occasional  or  abnormal  occurrence  of  the  highly  sul- 
phurized substance  known  as  Cystine  (§  66). 

65.  Among  the  organic  compounds  whose  occuiTence  in  Human 
urine  is  abnormal,  we  may  first  mention  Xanthine  or  Uric  oxide,  which 
is  a  very  rare  constituent  of  calculi  and  of  sedimentary  deposits.  This 
seems  to  be  a  neutral  substance,  having  no  action  on  vegetable  colours, 
and  not  being  yet  known  to  enter  into  combination  with  either  acids  or 
alkalies.  When  freshly  precipitated  it  presents  itself  as  a  white  powder, 
which  is  neither  ciystaUine  nor  gelatinous;  and  when  di'ied  it  forms  pale, 
yellowish,  hard  masses,  which,  on  being  rubbed,  assume  a  waxy  bright- 
ness. The  calculi  composed  of  this  substance  closely  resemble  those 
formed  of  uric  acid,  for  which  they  are  generally  mistaken ;  they  may  be 
distinguished,  however,  by  the  well-marked  salmon  or  rather  cinnamon 
tint  presented  by  their  sections,  and  by  the  insolubility  of  their  substance 
in  a  weak  solution  of  carbonate  of  potass,  which  dissolves  uric  acid.*  It 
is  soluble,  however,  in  the  fixed  alkalies  and  ammonia,  as  also  in  nitric 
and  sulphuric  acids.  As  no  compounds  have  yet  been  obtained,  by 
which  its  combining  equivalent  can  be  determined,  the  formula  5  C,  2  H, 
2  N,  2  0,  must  be  considered  as  representing  nothing  more  than  the 
per-centage  composition  of  its  elements;  and  although  this  only  differs 
from  that  of  hydrated  Uric  acid  in  the  want  of  a  single  equiv.  of  oxygen, 
yet  all  attempts  to  generate  either  from  the  other,  or  to  obtain  urea  from 
uric  oxide,  have  hitherto  failed.  So,  also,  it  seems  to  differ  from  Hypo- 
xan thine  (§  57)  only  in  containing  one  more  equiv.  of  oxygen;  but  no 
real  relation  has  been  shown  to  exist  between  these  substances. — Of  the 
conditions  under  which  Xanthine  is  formed  in  the  living  body,  it  is 
impossible  at  present  to  form  the  slightest  idea.  Strahl  and  Lieberklihn 
believe  that  they  have  discovered  it  in  ordinaiy  Human  urine ;  but  the 
substance  which  they  describe  seems  rather  to  be  Guanine  (§  57,  note), 
which,  when  first  discovered,  was  mistaken  for  Xanthine,  but  which 
differs  from  it  in  composition  and  properties,  and  is  readily  distin- 
guished from  it  by  its  solubility  in  hydrochloric  acid.  Guanine  is  a 
yellowish- white  crystalline  powder  devoid  of  odour  or  taste,  insoluble  in 
water,  and  having  no  action  on  vegetable  coloui's ;  it  serves,  however,  as 
a  base  to  acids,  though  its  salts  are  very  unstable;  and  its  formula  is 
IOC,  5  H,  5  N,  2  0  H  0.  Guanine  appeal's,  from  the  researches  of 
Will  and  Gorup-Besanez,t  to  be  one  of  the  characteristic  constituents  of 
the  urinary  secretion  in  Invertebrated  animals;  and  if  it  should  prove  to 
be  of  constant  or  even  of  frequent  occm-rence  in  Human  urine,  the  fact 
will  be  one  of  no  little  interest.  No  doubt  can  be  entertained,  that  Xan- 
thine and  Guanine  are  both  of  therd  to  be  regarded  as  products  of  the 
metamorj)hosis  of  the  azotized  tissues. 

66.  A  substance  is  occasionally  found  in  Urinary  calculi,  and  also  in 
sedimentary  deposits,  which  is  remarkable  for  the  large  proportion  of 
Sulphur — amounting  to  26-66  per  cent — included  in  its  composition. 
The  substance,  termed  Cystine,  occurs  in  the  form  of  colourless,  trans- 
parent, hexagonal  plates  or  prisms,  is  devoid  of  taste  or  smell,  is  insoluble 

*  See  Dr.  Golding  Bird's  "  Urinary  Deposits,"  pp.  1 64-8. 
t  "  Ann.  der  Chem.  und  Pharm."  band  Ixix.  p.  117. 
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in  water  and  alcohol,  and  has  no  action  on  vegetable  colours;  but  it 
serves  as  a  base  to  oxalic  and  the  mineral  acids,  forming  with  them 
saline  combinations,  most  of  which  are  crystallizable.  Its  formula  is 
6  C,  6  H,  1  N,  2  S,  4  0  j  but  no  probable  account  can  yet  be  given  of 
the  mode  in  which  these  equivalents  are  combined  and  arranged.  It  is 
very  readily  soluble  in  ammonia,  but  forms  no  compound  with  it,  so  that  on 
the  evaporation  of  the  ammonia  it  crystallizes  in  its  characteristic  tablets ; 
and  by  this  character,  as  well  as  by  the  peculiar  and  disagreeable  odour 
which  it  emits  in  burning  when  heated  on  platina-foil,  cystine  may  be 
readily  distinguished  from  any  other  urinary  sediment.  Though  its 
occasional  presence  in  mine  has  not  been  noticed  by  many  observers,  yet 
it  would  appear  sometimes  to  exist  there  in  considerable  quantity,  form- 
ing a  nearly  white  or  pale  fawn-coloured  pulverulent  deposit,  much 
resembling  the  pale  variety  of  urate  of  ammonia,  for  which  it  is  liable 
to  be  mistaken ;  and  so  copious  may  this  be,  that  Dr.  G.  Bird  states  that 
he  has  seen  a  6  oz.  bottle  full  of  urine  let  fall  by  repose  a  sediment  of 
cystine  to  the  depth  of  half  an  inch.  According  to  this  excellent  ob- 
server, the  presence  of  cystine  in  the  urine  may  often  be  detected  by 
microscopic  examination,  where  it  forms  no  distinct  deposit;  and  this 
especially  in  strumous  subjects,  a  class  which  he  regards  as  peculiarly 
subject  to  cystin-urea.  It  has  also  been  observed  in  chlorotic  subjects. 
There  can  be  no  doubt  that  cystine  is  one  of  the  forms  under  which  the 
products  of  the  metamorphosis  of  the  albuminous  tissues  present  them- 
selves; and  its  composition  is  not  so  far  removed  from  that  of  the  ordi- 
nary results  of  that  metamorphosis,  as  would  at  first  sight  appear.  For 
as  Dr.  G.  Bird  has  pointed  out, 

C.  H.  N.  O.  S.      -a  H.  N.  0.  S. 


4eq.  Urea  .  .=  2    4    2    2  0^ 

2  eq.  hydrated  Uric  Acid  =  10  4  4  G  0 
4  eq.  Sulphuretted  Hydrogen  =4  4 


12  12    6    8  4 


12  12    2    8    4  =  2  eq.  Cystine 
4  =  4  eq.  Nitrogen. 


U2  12    6    8  4 


It  is  a  very  remarkable  circumstance  that  the  composition  of  Cystine 
shoiild  present  an  extremely  close  relation  to  that  of  Taurine,  the 
sulphurized  constituent  of  the  bile  (§  69);  their  respective  per-centages 
of  hydrogen,  nitrogen,  and  sulphur  he'mg  almost  precisely  identical,  and 
the  difference  lying  only  in  those  of  carbon  and  oxygen;  as  will  be  seen 
from  the  following  comparison : — 

Cystine.  Taurine. 
Carbon        .  3000  19  20 

Hydrogen     .  5'00  5'60 

Nitrogen      .  11-66  11-20 

Oxygen        .  26-67  38-40 

Sulphur       .  26-67  25-60 

100-00  lOO'OO 

Here,  then,  we  have  another  marked  example  of  the  vicarious  nature  of 
the  urinary  and  biliary  excretions;  the  former  taking  upon  itself  the 
removal,  under  peculiar  circumstances,  of  a  product  whose  components 
should  normally  find  their  way  into  the  latter.* 

'.  See,  on  the  whole  of  this  subject,  the  excellent  treatise  of  Dr.  Golding  Bird  on  "  Urinary 
Deposits,"  already  referred  to. 
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67.  We  now  pass  from  that  group  of  Excretory  matters  of  which 
Nitrogen  is  the  predominating  constituent,  to  that  of  which  Carbon  and 
Hydrogen  are  the  principal  components;  and  as  the  former  are  the 
characteristic  ingi-edients  of  the  Urinary  excretion,  so  are  the  latter  of 
the  Biliary.  Regarding  the  organic  compoimds  we  have  now  to  consider, 
however,  our  knowledge  is  far  less  definite  and  satisfactory  than  it  is 
respecting  those  which  have  been  already  passed  in  re^dew;  and  this 
arises  from  several  caiises,  among  which  may  be  more  particularly 
mentioned  the  gi-eat  facility  with  which  they  are  decomposed,  both  spon- 
taneously, and  by  the  operation  of  reagents;  so  that  it  is  by  no  means 
easy  to  say,  in  many  instances,  whether  a  given  substance,  extracted  fi-om 
the  bile  by  analytical  operations,  pre-existed  in  it,  or  has  been  subse- 
quently formed  under  the  treatment  to  which  that  fluid  has  been  sub- 
jected. There  has  consequently  been  a  vast  discrepancy  of  opinion 
amongst  Chemists,  with  regard  to  the  constitution  of  this  excretion ;  some 
having  regarded  as  original  components,  what  others  have  considered  as 
secondary ;  and  the  number  of  proximate  constituents  having  been  ranked 
high  by  some,  whilst  others  have  reduced  it  to  no  more  than  four  or 
five. — According  to  Strecker,  whose  researches  have  been  more  success- 
ful, and  whose  views  seem  more  trustworthy,  than  those  of  any  other 
chemist,  we  are  to  regard  the  proper  biliary^  matter  as  chiefly  composed 
of  two  substances,  which  are  regarded  by  Lehmann  as  '  conjugated  acids ' 
(§  58,  note),  formed  by  the  tmion  of  one  and  the  same  acid,  the  true 
Cholic,  with  Glycine  and  Taurine  respectively,  and  hence  termed  by  him  • 
the  Glycocholic  and  the  Taurocholic. 

68.  This  Cholic  acid  (the  cholalic  of  Strecker),  which  was  first  obtained 
in  a  state  of  purity  by  Demar^ay,  is  a  fatty  or  rather  a  resinoiis  acid,  ' 
from  which  nitrogen  is  altogether  absent,  whilst  oxygen  is  present  in  it  in 
only  a  small  proportion,  its  formula  being  48  C,  39  H,  9  0.    It  forms 
tetrahedral  or  more  rarely  square  octohedral  crystals,  which  effloresce  on 
exposure  to  the  air ;  it  is  soluble  in  750  parts  of  boiling  water,  and  in  \ 
4000  parts  of  cold,  and  dissolves  very  readily  in  alcohol,  especially  when 
heated.    Its  taste  is  bitter,  leaving  a  faint  sweetish  after-taste.    It  fuses 
at  383°;  if  heated  above  that  temperature,  it  loses  its  atom  of  basic  water, 
and  is  converted  into  choloidic  acid;  and  if  heated  to  554°,  it  becomes 
converted  into  dyslysin,  a  resinous  substance  having  no  acid  properties,  j 
These  changes  may  also  be  efiected  by  boiling  cholic  acid  with  hydro-  | 
chloric  acid.    The  acid  reaction  of  this  substance  is  sufficiently  strong  to  | 
redden  litmus,  and  to  enable  it,  with  the  aid  of  heat,  to  expel  the  carbonic 
acid  from  solutions  of  the  alkaline  carbonates.    The  salts  which  it  forms  j 
possess  a  bitter  and  at  the  same  time  a  slightly  sweet  taste ;  they  are  all 
soluble  in  alcohol,  but  water  dissolves  only  the  cholates  of  the  alkalies 
and  of  baryta.    The  salts  of  choloidic  acid  are  perfectly  isomeric  with 
those  of  cholic  acid ;  but  it  is  curious  that  the  former  acid  is  displaced 

.  even  by  carbonic  acid,  although,  with  the  aid  of  heat  it  decomposes  the 
carbonates.  Cholic  acid  may  be  recognized  wherever  it  occurs, — whether 
combined  with  its  adjuncts  as  a  conjugated  acid,  or  naetamorphosed  into 
the  choloidic, — by  the  excellent  test  devised  by  Pettenkofer,  founded  upon 
its  peculiar  reaction  with  sugar  and  sulphuric  acid ;  for  if,  to  the  fluid 
suspected  to  contain  bile,  there  be  first  added  a  little  solution  of  sugai',  jj 
and  pure  sulphuric  acid  be  then  added  by  drops,  a  yellowish  colour  is  i 
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produced,  deejDeuing  to  a  pale  cheny,  then  to  a  carmine,  and  lastly  to  an 
intense  violet  tint,  if  bile  be  present.  This  test  may  therefore  be  applied 
to  determine  the  presence  or  absence  of  the  characteristic  components  of 
bile;  and  we  shall  hereafter  notice  some  of  the  results  of  its  ajDplication. 
When  choloidic  acid  is  distilled  with  nitric  acid,  it  yields  the  volatile  acids 
of  the  butyric  and  succinic  acid  groups,  as  does  also  oleic  acid  under 
simihu"  treatment ;  and  it  has  been  recently  pointed  out  by  Schultze,'"'  that 
oleine,  when  submitted  to  the  bile-test,  presents  nearly  the  same  reaction 
as  bile ;  so  that  a  special  relation  seems  to  exist  between  them.  Cholic 
acid  does  not  naturally  occur  in  its  isolated  state,  and  can  only  be  ob- 
tained by  processes  that  have  the  effect  of  separating  it  from  the  nitro- 
genous substances  with  which  it  is  normally  conjugated. — The  compound 
of  Cholic  acid  and  Glycine  (§  33),  termed  by  Lehmann  Glycocholic  acid, 
but  formerly  known  par  excellence  as  the  hilic  or  cholic  acid,  is  the  prin- 
cipal organic  constituent  of  the  bile  of  most  animals ;  being  united  in  that 
fluid  with  potash  and  soda  as  bases,  and  not  having  a  sufficiently  strong- 
acidity  to  prevent  its  salts  from  possessing  an  alkaline  reaction.  This 
acid  crystallizes  in  extremely  delicate  needles,  which  remain  unchanged 
at  277°;  it  has  a  bitterish-sweet  taste,  dissolves  in  120-5  parts  of  hot 
water,  and  303  of  cold,  and  is  readily  soluble  in  spirit.  By  prolonged 
boiling  with  alkalies  or  baryta-water,  it  is  resolved  into  cholic  acid  and 
glycine ;  whilst  if  boiled  with  concentrated  sulphuric  or  muriatic  acids, 
it  is  resolved  into  choloidic  acid  and  glycine.  Its  alkaline  salts,  which 
form  'crystallized  bile,'  are  very  soluble  both  in  water  and  spirit,  and 
separate  from  their  alkaline  solutions  on  the  addition  of  ether,  in  large 
glistening  white  clusters  of  radiating  needles,  resembling  wavellite.  These 
bura,  when  heated,  with  a  bright  smoky  flam'e.»  The  formula  of  this  acid 
is  52  C,  42  H,  N,  11  O-t-HO  ;  and,  with  the  addition  of  another  equiva- 
lent of  water,  is  exactly  that  of  cholic  acid  -|-  glycine. 

69,  The  other  conjugated  acid  of  bile,  termed  by  Lehmann  the  Tauro- 
cliolic  (but  also  named  clioleic  acid,  and  formerly  known  as  hilin),  has  not 
yet  been  separated  in  a  state  of  perfect  purity,  that  is  to  say,  free  from 
glycocholic  acid;  it  cannot  be  obtained  in  a  crystalline  state,  and  it  is 
more  soluble  in  water  than  glycocholic  acid,  whilst  its  acid  properties  are 
far  weaker.  It  dissolves  fats,  fatty  acids,  and  cholesterin  in  lEU-ge  quan- 
tities; and  is  thus  the  cause  why  glycocholic  acid  is  not  precipitated, 
when  acids  are  added  to  fresh  bile.  When  boiled  with  alkalies,  it  is 
resolved  into  taurine  and  cholic  acid;  and  when  boiled  with  the  mineral 
acids,  into  taurine  and  choloidic  acid.  Its  formula,  as  deduced  from 
the  composition  of  its  salts,  is  52  C,  45  H,  1  N,  2  S,  14  0;  and  this  with 
an  additional  equivalent  of  water,  corresponds  to  cholic  acid -f- tam-ine. 
The  alkaline  taurocholates,  which  are  the  forms  under  which  this  acid 
exists  in  the  bile,  dissolve  readily  in  water  and  alcohol ;  they  have  no 
reaction  on  vegetable  colours,  and  have  a  sweet  taste  with  a  bitter  after- 
taste; when  heated,  they  melt  and  burn  with  a  bright  smoky  flame. 
Although  they  may  be  kept  for  some  time  in  solutions  exposed  to  the  air, 
without  decomposition,  provided  they  be  pure,  yet  they  are  very  readily 
affected  by  the  presence  of  certain  nitrogenous  substances,  such  as  mucus ; 
and  taurine  is  then  set  free,  with  alkaline  chelates  and  choloidates. — ThQ 


•  Canstatt's  "  Jaliresbericht,"  18o0,  p.  101. 
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substance  now  designated  Taurine  (formerly  known  as  biliary  asparagine) 
is  a  very  peculiar  neutral  compound,  which  crystallizes  in  colom*less, 
regular,  hexagonal  prisms,  with  four  and  six-sided  sharp  extremities.  It 
is  hard,  craunches  between  the  teeth,  has  a  cooling  taste,  resists  the  action 
of  the  atmosphere,  dissolves  in  15^  parts  of  water  and  573  of  dilute 
alcohol,  and  has  no  action  on  vegetable  colours.  It  dissolves,  without 
undergoing  change,  even  at  the  boiling  point,  in  the  mineral  acids,  but 
forms  no  compoimds  with  them;  hence  it  cannot  be  j)roperly  considered 
as  a  base.  The  most  remarkable  peculiarity  in  its  composition  is  the 
large  proportion  of  Siilphur  which  it  contains,  this  amounting  to  25 -6  per 
cent;  and  yet,  notwithstanding  that  this  substance  had  been  analyzed  by 
Gmelin,  Demar9ay,  Pelouze,  and  Dumas,  the  presence  of  this  element  was 
overlooked,  until  it  was  discovered  by  Redtenbacher.*  It  may  be  made 
evident  b}'^  the  development  of  sulphurous  acid,  when  taurine  is  inflamed 
in  air;  and  in  this  manner,  when  the  presence  of  one  of  the  conjugated 
biliary  acids  has  been  detected  by  Pettenkofer  s  test,  it  may  be  deter- 
mined to  be  the  tauro-cholic.  When  taurine  is  boiled  with  caustic  potash, 
it  dcvelopes  ammonia,  and  leaves  a  residue  consisting  solely  of  sulphiu'ous 
and  acetic  acids  in  combination  with  potash.  It  is  thought  probable  by 
Lehmann,  that  the  sulphui*  of  Taurine  already  exists  in  an  oxidized  con- 
dition, since  it  cannot  be  recognized  in  this  substance  by  any  of  the 
ordinary  fluid  oxidizing  agents.  Taiuine  has  never  been  foimd  in  an 
isolated  state  in  healthy  bile,  although,  as  just  now  pointed  out,  it  is  set 
free  by  the  spontaneous  decomposition  of  the  tauro-cholates.  It  must 
undoubtedly  be  regarded  as  one  of  the  products  of  the  metamorphosis  of 
the  albuminous  tissues;  but  of  the  mode  in  which  it  is  generated,  no 
account  whatever  can  be  given. 

70.  The  colouring  matter  of  the  Bile,  or  Bile-^oigment,  is  a  substance 
pecidiarly  difficult  to  investigate  satisfactorily,  owing  especially  to  the 
very  small  quantity  in  which  it  occurs,  and  to  its  extreme  instability. 
The  most  frequent  form  under  which  it  presents  itself,  is  that  of  a  brown, 
non-crystalline  powder,  devoid  of  taste  and  smell,  insoluble  in  water,  veiy 
slightly  soluble  in  ether,  and  more  so  in  alcohol,  to  which  it  communi- 
cates a  distinct  yellow  tint;  this  substance,  the  cliole'pyrrliin  of  Berzelius, 
the  hiliplKBxn  of  Simon,  constitutes  a  large  part  of  most  biliary  calculi,  in 
which,  however,  it  exists  in  a  state  of  insoluble  combination  with  lime. 
When  it  is  dissolved  in  alkaline  solutions,  these,  which  are  at  firet  of  a 
clear  yellow,  become,  by  exposm'e  to  the  air,  of  a  greenish-brown  tint ; 
and  it  is  on  this  modification,  the  consequence  probably  of  a  higher  oxida- 
tion, that  the  well-known  changes  of  colour  which  occm-  in  some  of  the 
animal  fluids  are  dependent.  The  yellow  alkaline  solution,  when  treated 
with  nitric  acid,  becomes  first  green,  then  blue  (which  hue,  however,  can 
hardly  be  detected  in  consequence  of  its  rapid  transition  into  violet),  and 
then  red ;  after  a  considerable  period,  the  red  again  passes  into  a  yellow 
colour,  but  the  nature  of  the  substance  is  then  entirely  chauged.  When 
the  yellow  alkaline  solution  is  treated  with  hydrochloric  acid,  the  pigment 
is  precipitated  with  a  gi-een  tint;  this  precipitate  forms  a  red  solution 
witli  nitric  acid,  and  a  green  solution  with  the  alkalies,  and  appeai-s  to  be 
perfectly  identical  with  the  green  modification  of  bile-i:)igment.  When 
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acids  are  added  to  fresh  bile,  a  green  colour  is  produced,  if  oxygen  be 
present,  but  not  if  it  be  excluded.  Bile-pigment  is  occasionally  found  in 
the  ui-ine  in  large  quantities,  when  its  secretion  by  the  natural  channel  is 
prevented;  and  it  may  be  readily  recognized  by  the  nitric  acid  test. 
There  is  much  uncertainty  in  regard  to  the  precise  composition  of  this 
substance,  for  the  reasons  already  specified ;  the  analyses  which  have  been 
made  of  it,  however,  indicate  that  it  is  remarkable  for  the  enormous  pro- 
portion of  carbon  which  it  contains,  this  being  as  much  as  68  per  cent., 
and  thus  exceeding  the  proportion  of  that  element  in  the  black  pigment 
of  the  eye,  and  in  abnormal  melanic  deposits;  it  contains  also  about  8 
per  cent  of  nitrogen. — The  bile  of  the  Ox  contains  a  green  pigment  which 
seems  to  be  distinct  from  the  preceding,  not  undergoing  changes  of  colour 
when  treated  with  nitric  acid,  and  containing  little  or  no  nitrogen ;  this 
was  considered  by  Berzelius  to  be  identical  with  the  chlorophyll  of  plants, 
and  was  designated  by  him  as  hiliverdin;  it  does  not  seem,  however,  to 
be  present  in  human  bile.  Another  pigmentary  substance  has  been  dis- 
covered in  bile,  however,  which  is  distinguished  by  its  crystalline  form, 
and  by  its  reddish  yellow  hue ;  this  was  named  by  Berzelius  bilifidvin. — 
The  source  of  these  colouring-matters  is  probably  to  be  looked  for,  as 
already  pointed  out  (§  31),  in  the  hsematin  of  the  red  corpuscles;  which 
undergoes  changes,  after  their  disintegration  has  commenced,  that  show  a 
decided  approximation  to  them.  And  it  is  a  most  important  confirma- 
tion of  this  view,  that  heematin,  when  eflFnsed  in  situations  where  it  can 
be  acted-on  by  the  air,  exhibits  most  of  the  shades  of  colour  which  have 
been  mentioned  as  characteristic  of  biliphsein ;  as  is  seen  in  the  ordinary 
case  of  a  cutaneous  ecchymosis.  With  regard  to  the  place  in  which  the 
actual  transformation  occurs,  however,  we'  are  entirely  ignorant;  for 
although  bile-pigment  frequently  shows  itself  in  large  quantities  in  the 
blood,  and  is  deposited  by  it  in  the  tissues  and  fluids,  saturating  the 
bones,  teeth,  cartilages,  ligaments,  fibrous  tissues  (being  especially  evident 
in  the  sclerotic  coat  of  the  eye,  and  in  the  skin),  showing  itself  also  in  the 
nerves,  the  crystalline  lens,  and  the  vitreous  humour,  and  more  or  less 
tinging  all  the  secretions  and  exudations  into  which  the  fluid  of  the  blood 
passes, — yet  this  may  fairly  be  attributed,  as  we  shall  presently  see,  to 
the  re-absorption  of  the  pigment  subsequently  to  its  elimination  by  the 
liver  (§  71).  And  looking  to  the  general  physiological  relations  of  this 
organ,  hereafter  to  be  pointed  out,  we  may  surmise  without  improbability, 
that  it  is  by  its  agency  that  the  transformation  is  effected,  and  that  the 
bile-pigments  do  not  pre-exist  as  such  in  the  blood. 

71.  With  regard  to  the  source  of  the  various  components  of  the  Biliary 
excretion  which  have  been  now  described,  our  information  is  much  less 
precise  than  it  is  with  respect  to  the  principal  excretory  matters  of  the 
Urine.  This  arises,  not  merely  from  the  difficulties  already  adverted-to 
as  attending  the  chemical  determination  of  the  true  constituents  of  Bile ; 
but  also  from  the  fact  that  the  detection  of  their  presence  in  the  blood  by 
no  means  implies  their  pre-existence  in  the  circulating  fluid.  For,  as  we 
shall  hereafter  see  (chap,  vir.),  there  is  strong  reason  to  believe  that  a  con- 
siderable proportion  of  the  solid  matters  of  the  bile,  which  are  poured  into 
the  upper  part  of  the  intestinal  tube,  are  normally  re-absorbed,  and  again 
introduced  into  the  current  of  the  circulation,  before  reaching  the  outlet ; 
and  it  is  quite  certain  that  such  re-absorption  may  take  place  in  cases  of 
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obstruction  in  the  biliary  ducts,  when  the  bile  is  secreted,  but  cannot  find 
its  way  into  the  alimentary  canal.  Hence,  neither  the  detection  of  cholic 
acid  in  the  blood  by  Pettenkofer's  test, — which  has  been  occasionally 
accomplished,  even  in  cases  of  disease  in  which  the  liver  did  not  seem 
implicated,  though  never  in  perfect  health, — nor  its  detection  in  the  urine 
or  in  various  fluids  exuded  from  the  blood,  afford  the  least  evidence  that 
it  was  pre-formed  there ;  any  more,  indeed,  than  does  the  accumulation 
of  the  colouring  matter  which  makes  its  presence  so  obvious  in  jaundice. 
Of  that  evidence  which  is  furnished  in  the  case  of  the  urine,  by  the  detec- 
tion of  some  of  its  characteristic  comj)onents  in  the  tissues  which  undergo 
most  rapid  disintegration,  we  have  here  a  most  complete  deficiency ;  for 
no  trace  of  the  biliaiy  acids  has  yet  been  found  in  the  tissues,  except 
under  circumstances  which  justify  the  belief  that  these  substances  were 
deposited  there.  The  only  distinct  indication  yet  obtained,  that  the 
characteristic  components  of  bile  are  pre-formed  in  the  blood  (Cholesterine 
being  scarcely  to  be  reckoned  as  such),  is  afforded  by  the  experiments 
of  Kunde,  one  of  the  pupils  of  Lehmann;  who  demonstrated,  by  Pet- 
tenkofer's test,  the  presence  of  biliary  matters  in  the  blood  of  frogs 
whose  livers  had  been  extirpated.  On  the  other  hand,  there  is  much 
that  indicates,  if  it  does  not  prove,  that  the  function  of  the  liver  is  not 
the  mere  selection  and  elimination  of  the  elements  of  bile  from  the  blood; 
but  that  it  exercises  a  most  important  transforming  power,  both  over  the 
constituents  of  the  blood,  and  over  those  of  the  bile.  Of  the  evidence 
Avhich  has  been  lately  adduced  in  proof  of  the  first  of  these  positions,  some 
notice  has  already  been  taken  (§§  40,  46) ;  and  that  of  the  second  will 
be  more  appropriately  considered  hereafter  (chap.  xii.  sect.  2).  At  pre- 
sent it  will  be  sufficient  to  remark,  that,  whilst  a  chemical  comparison  of 
the  elements  of  the  Bile  and  Urine  shows  that  each  of  these  excretions  is 
(so  to  speak)  the  complement'  of  the  other,  and  that  the  mass  of  the  blood 
or  of  the  solid  tissues  might  resolve  itself  into  these  two  sets  of  com- 
pounds (§  91),  various  physiological  and  pathological  phenomena  seem 
to  indicate,  that  the  products  of  the  metamorphosis  of  the  tissues  which 
afterwards  become  the  components  of  bile,  do  not  take  the  form  of  those 
components,  until  they  have  been  acted-on  by  the  liver,  and  reduced  to  a 
state  compaiutively  innoxious.  For  whilst  there  is  abundant  evidence 
that  the  constituents  of  bile,  both  its  resinous  acids,  and  its  colouring 
matter,  may  be  re-absorbed  without  serious  injury;  and  whilst  there  is 
strong  reason  to  believe  that,  as  regards  the  resinous  acids,  such  re-absoi*p- 
tion  is  habitual;  there  is  adequate  proof,  on  the  other  hand,  that  the 
retention  within  the  circulating  current  of  the  matters  from  which  bile 
is  formed,  owing  to  structm-al  disease  or  functional  inactivity  of  the  liver, 
is  attended  with  the  most  serious  consequences,  and  will,  if  prolonged, 
induce  a  fatal  result. — It  is  sm^mised  by  Lehmann,  in  consequence  .of 
the  resemblance  already  pointed  out  between  the  cholic  and  oleic  acids, 
that  bile  is  partly  formed  from  the  fatty  matters  of  the  system ;  but  there 
is  no  adequate  proof  of  this ;  and  as  we  have  seen  that  fatty  matters  may 
themselves  be  formed  by  the  metamorphosis  of  albuminous  substances 
(§  40),  there  seems  no  reason  to  dissent  from  the  usually-received  opinion, 
that  the  chief  source  of  biliary  matter  is  ultimately  to  be  found  in  the 
disintegi'ation  of  the  azotized  tissues. 
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6.  Inorganic  Substances  forming  part  of  the  Living  Body,  and  contained 

in  its  Excretions. 

72.  Although  it  might  have  been  supposed  that  the  Chemist  would 
have  had  comparatively  little  difficulty  in  determining  what  are  to  be 
regarded  as  the  Inorganic  or  Mineral  constituents  of  the  body,  yet  the 
attainment  of  a  precise  knowledge  of  them  is  attended  with  peculiar  diffi- 
culties, arising  out  of  the  mode  in  which  these  constituents  are  blended 
with  Organic  compomids.  The  usual  method  of  determining  their  pre- 
sence, nature,  and  amount,  has  been  to  incinerate  the  dried  tissue  or  the 
sohd  residue  of  the  fluid,  and  to  analyse  the  ash  which  remains ;  but  this 
process,  as  Prof  Lehmann  justly  remarks,  gives  us  no  information  with 
regaixl  to  the  combinations  in  which  the  constituents  of  that  ash  occuiTed 
in  the  organic  substance.  Thus,  to  take  a  simple  example,  nothing  can 
be  certainly  made  out  from  it  with  regard  to  the  presence  of  lactic  acid, 
since  all  the  lactates  are  reduced  by  incineration  to  carbonates  j  so  again, 
fi"om  the  presence  of  sulphates  and  phosphates  in  the  ash,  it  cannot  be 
determined  whether  the  sulphuric  and  phosphoric  acids  pre-existed  as 
such  in  the  organic  substance,  or  whether  they  were  present  as  sulphur 
and  phosphorus,  which,  having  become  oxidized  dm-ing  the  incineration, 
have  combined  with  alkaline  or  earthy  bases  previously  combined  with 
lactic  or  carbonic  acid.  Further,  the  carbon  of  the  organic  compound 
may  produce  important  alterations,  during  its  combustion,  in  the  condi- 
tion of  the  mineral  salts;  thus  it  will  tend  to  reduce  the  sulphates  to  the 
condition  of  metallic  sulphurets,  and  to  volatilize  a  portion  of  the  sidphur 
in  the  condition  of  sulphurous  acid ;  and  it  will  have  a  similar  effect  upon 
the  phosphoric  acid  of  the  acid  salts.  So,  again,  common  phosphate  of 
soda,  at  a  high  temperature,  removes  a  part  of  the  base,  not  only  from 
the  carbonates  but  also  from  the  sulphates  of  the  alkalies,  as  well  as  from 
the  metallic  chlorides  of  the  ash ;  so  that  not  only  does  all  the  alkaline 
carbonate  disappear  from  the  ash,  but  a  portion  of  the  hydrochloric  or 
sulphuric  acid  may  also  be  lost.  When  we  consider  these  and  other  facts 
in  reference  to  the  analysis  of  the  ash,  we  shall  readily  accord  with  Prof. 
Lehmann's  remark,  "that  most  of  these  analyses  should  be  used  with 
great  caution,  and  that  physiological  conclusions  should  not  be  too  readily 
di-awn  from  them."  The  new  methods  recently  introduced  by  Prof  H. 
Rose  have  led  that  eminent  analyst  to  the  conclusion,  that  various  com- 
pounds of  potassium,  sodium,  calcium,  iron,  phosphorus,  and  sulphui' 
exist  pre-formed  in  organic  substances  in  an  unoxidized  state,  and  take 
an  important  part  in  their  metamorphoses ;  for  he  finds  that  in  the  car- 
bonaceous residue  left  after  the  incineration  of  an  animal  or  vegetable 
substance,  there  is  always  a  certain  quantity  of  alkaline  and  earthy  salts 
which  cannot  be  removed  from  it  by  the  ordinaiy  menstrua,  and  which 
must,  therefore,  exist  in  it  in  some  peculiar  state  of  combination.  And  it 
is  a  confirmation  of  this  view,  that  the  proportion  of  such  mineral  matters 
contained  in  blood,  flesh,  milk,  and  yolk-of-egg,  amounts  to  as  much  as 
from  one-third  to  one-half  of  the  whole;  whilst  those  of  urine,  in  which 
there  is  independent  reason  to  believe  that  nearly  all  the  bases  and  radi- 
cals are  oxidized,  do  not  amount  to  0-6  per  cent. 

73.  In  the  following  account  of  the  mineral  components  of  the  body, 
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therefore,  those  only  will  be  mentioned,  whose  presence  in  it  has  been 
clearly  determined ;  and  even  these  must  be  arranged  in  two  categorie^s, 
according  as  their  presence  is  essential  or  accidental.  For  whilst  there 
are  certain  substances,  which  are  constantly  met  with  in  such  large 
amount,  and  which  so  obviously  fulfil  important  purposes  in  the  economy, 
that  they  may  be  unhesitatingly  ranked  among  the  essential  components 
of  the  body,  there  are  others  which,  although  very  commonly  present,  are 
found  in  very  small  proportion,  and  under  circumstances  which  lead  to 
the  belief  that  they  neither  take  a  share  in  the  nutritive  operations,  nor 
discharge  any  mechanical  function  in  the  living  body,  hxit  that  they  have 
been  (so  to  speak)  accidentally  introduced  from  the  food,  and  that  they  are 
retained  merely  thi'ough  defect  of  the  eliminating  processes.  The  pre- 
sence of  such  matters,  therefore,  is  of  comparatively  little  interest  to  the 
Physiologist;  but  it  is  of •  great  importance  to  the  Medical  Jurist,  who 
may  be  called  upon  to  declai'e  whether  copper,  lead,  or  arsenic,  found  in  a 
dead  body,  can  be  justly  regarded  as  a  normal  component  of  the  tissues. — 
We  shall  first  consider,  then,  those  inorganic  substances  which  are  to  be 
regarded  as  essential  components  of  the  Human  fabric ;  and  since  no  clas- 
sification of  them,  in  the  jiresent  state  of  our  knowledge,  would  be  likely 
to  have  any  permanent  scientific  value,  we  shall  arrange  them  in  the 
order  of  wliat  appears  to  be  their  relative  importance  in  the  econom}^ 
From  these  we  shall  pass  to  the  substances  found  in  the  excretions,  one 
of  whose  constituents  has  been  generated  by  the  metamorphosis  of  alimen- 
tary matters.  And  lastly,  we  shall  notice  those*  substances  which  appear 
to  be  only  accidentally  present  in  the  body. 

7 4.  First,  in  order  of  importance, — whether  we  look  at  the  large  pro- 
portion of  the  bidk  of  the  fabric  which  is  formed  by  it,  to  the  influence 
which  its  presence  exerts  on  the  physical  properties  of  the  various  tissues 
into  which  it  enters,  or  to  the  number  and  variety  of  purposes  to  which 
it  is  subservient  in  the  chemico-vital  operations  of  the  living  body, — is 
unquestionably  Water.  The  quantity  of  this  liquid  which  may  be  evajio- 
rated  from  the  body  by  complete  desiccation,  is,  according  to  the  recent 
experiments  of  Chevreul,*  about  two-thirds  of  its  entu'e  weight;  and  its 
predominance  is  by  no  means  restricted  to  what  are  commonly  accounted 
the  "  fluids "  of  the  system,  such  as  the  Blood,  Chyle,  Lymph,  &c ;  since, 
as  the  following  Table  will  show,t  it  is  contained  in  neai'ly  as  large 
an  amount  in  several  of  the  so-called  "  solid  "  tissues. 


Per-centage  of  Solid  Matter. 

Specific  Gravity. 

Bone 

80  to  90 

1200  to  1600 

Hair 

60 

1300 

Cuticle  . 

50 

1200 

Nerve 

43 

1100 

Skin 

30  to  40 

1100 

Fibrous  Textures 

30  to  35 

1080  to  1090 

Artery  . 

25  to  30 

1070 

Ccartilage  » 

1055  to  1060 

Muscle  > 

23  to  28 

Glands  i 

Blood  . 

20  to  23 

1050  to  1055 

Wall  of  Intestine 

18 

1040  to  1050 

Brain 

16  to  20 

1030  to  1045 

Fat 

942 

*  "  Anatomic  General,"  par  P.  A.  BC-clard,  3ieme  Edit.  1851,  p.  53. 
•f-  Sec  Prof.  Allen  Thomson's  "  Outlines  of  Physiology,"  p.  130. 
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When  we  examine  into  the  uses  of  this  large  proportion  of  Water,  we 
find,  in  the  first  place,  that  it  serves  a  purpose  simply  mechanical ;  im- 
pailing  to  the  tissues  that  suppleness  and  extensibility  which  characterize 
them  in  their  natm-al  state,  but  which  are  completely  removed  by  drying 
them.  Thus  a  piece  of  tendon,  when  desiccated,  shrinks  into  a  firm  and 
nearly  inflexible  rod,  much  resembling  a  piece  of  dried  glue ;  yet,  if  mace- 
rated in  water  for  a  sufficient  length  of  time,  it  recovers,  by  the  absorption 
of  Hquid,  its  original  pliancy.  In  like  manner,  a  piece  of  the  yellow  fibrous 
tissue  of  the  ligamentum  nuchse  of  a  Sheep  or  Ox  dries  into  a  hard  un- 
yielding substance  j  yet  if  allowed  to  imbibe  its  original  proportion  of 
water,  it  recovers  its  peculiar  elasticity.  The  tissues  in  which  we  find 
least  water,  are  those  whose  functions  are  most  purely  2^1^ysical;  thus  we 
see  that  Bone,  whose  sole  office  is  to  afford  an  inflexible  support,  contains 
no  more  than  from  10  to  20  per  cent  of  fluid, 'the  principal  part  even  of 
this  belonging  to  the  softer  tissues  immediately  connected  with  its  nutri- 
tion; so  in  the  Cuticle  and  its  appendages,  whose  purpose  is  merely 
protective,  and  which  are  partly  desiccated  by  exposure  to  the  air,  the 
proportion  of  solid  matter  is  at  least  half  On  the  other  hand,  the  pro- 
portion of  water  in  Muscle  averages  75  per  cent,  and  in  the  substance  of 
the  Brain  it  is  no  less  than  from  80  to  84  per  cent;  the  last-named  tissues 
being  among  those  of  which  the  vital  endowments  are  the  most  remark- 
able, and  being  those  (as  will  be  seen  hereafter)  in  which  the  most  rapid 
nutritive  changes  take  place  during  their  state  of  vital  activity. 

7 5.  But  further,  the  presence  of  Water  is  essential  to  the  performance 
of  all  those  chemico-vital  processes,  by  which  the  integrity  of  the  living 
body  is  maintained ;  and  a  deficiency  in  the  aqueous  portion  of  the  fluids 
soon  manifests  itself  in  a  disturbance  of  these,  operations,  even  though  the 
constitution  of  the  solid  tissues  may  have  nof  yet  been  affected.    As  a 
general  rule  it  may  be  stated,  that  no  Chemical  action  takes  place  between 
solid  substances,  and  that  they  require  to  be  dissolved  in  water  or  some 
other  menstruum,  before  they  can  be  made  to  affect  each  other ;  and  we 
find  that  this  rule  holds  good  constantly  in  the  organized  fabric,  alike  of 
Plants  and  of  Animals.    No  alimentary  material  can  be  appropriated 
by  the  organism,  save  in  the  liquid  form ;  and  hence  it  is  that  Animals, 
whose  food  is  solid,  are  endowed  with  a  digestive  apparatus  for  its 
reduction  to  the  state  in  which  it  may  be  absorbed  by  the  sanguiferous 
and  lacteal  vessels,  which  answer  to  the  rootlets  of  Plants,  this  state  being 
either  one  of  complete  solution,  or  of  very  minute  division.    No  other 
liquid  than  Water  can  thus  act  as  a  solvent  for  the  various  articles  of 
food  introduced  into  the  stomach.    Again,  it  is  Water  which  continues  to 
form  the  solvent  of  the  nutritive  materials,  after  they  have  found  their 
■way  into  the  cmTent  of  the  circulation,  and  have  undergone  that  assimi- 
lating process  which  prepares  them  for  being  applied  to  the  renovation  of 
the  solid  tissues;  and,  of  the  "vital  fluid"  which  courses  in  minute  streams 
through  nearly  every  part  of  the  body,  vivifying  and  renovating  the 
tissues  which  it  traverses,  water  constitutes  as  much  as  from  76  to  80  per 
cent.    So,  again,  it  is  the  Water  of  the  blood,  which  not  merely  brings  to 
the  living  tissues  the  materials  of  then-  development  in  a  state  ready  for 
appropriation,  but  also  takes  up  the  products  of  their  disintegration  and 
decay,  and  conveys  them,  by  a  most  complicated  and  wonderful  system 
of  sewerage,  altogether  out  of  the  system. — It  is  not  difficult  to  underr 
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stand,  then,  how  seriously  the  chemico-vital  operations  of  the  body  must 
be  affected  by  a  deficiency  in  the  normal  proportion  of  this  liquid,  more 
especially  as  some  of  the  substances  to  be  transported  are  of  very  difficult 
solubility ;  and  we  find  that  the  demand  for  it,  when  it  is  withheld,  soon 
becomes  even  more  pressing  than  the  demand  for  solid  food.  It  is 
remarkable  that  there  are  many  Plants  and  even  Animals,  which  can  be 
reduced  to  a  state  of  complete  inactivity  by  the  desiccation  of  their 
tissues,  without  the  absolute  loss  of  their  vitality;  the  usual  condition  of 
their  bodies  being  recovered,  and  their  vital  powers  being  restoi-ed,  when 
they  have  been  allowed  to  imbibe  an  adequate  supply  of  water.* 

76.  Of  the  solid  inorganic  components  of  the  Human  body,  that  which 
is  of  greatest  importance  in  regard  to  its  amount  and  to  the  mechanical 
purposes  to  which  it  is  subservient,  is  Pliospliate  of  L  ime,  or  '  bone-eai-th ; ' 
and  there  is  a  strong  probability  that  it  is  subservient  also  to  very  impor- 
tant purposes  in  the  chemico-vital  operations  of  the  economy.  +  It  is  in 
the  Bones,  that  this  earthy  salt  (which  has  been  recently  determined  to 
be  composed  of  3  equiv.  Lime  + 1  equiv.  Phosphoric  acid,  and  not,  as 
Berzelius  supposed,  8  equiv.  Lime  -|-  3  equiv.  Phosphoric  acid,)  presents 
itself  in  the  greatest  abundance.  In  healthy  bones,  its  proportion  ranges 
from  48  to  59  per  cent;  being  gi'eatest,  as  Von  Bibra  has  shown,  iu  those 
bones  which  are  most  required  to  possess  resisting  power.  J  In  the 
Dentine  of  teeth,  its  proportion  rises  to  66  per  cent;  and  in  the  Enamel 
to  nearly  90  per  cent.  It  is  remarkable  that,  in  this  last  situation,  it 
should  present  an  almost  crystalline  mode  of  aggregation,  whilst  the 
Enamel  is  the  hardest  of  all  organic  substances,  being  capable  of  striking 
fire  with  steel ;  and  it  seems  scarcely  possible  to  avoid  tracing  a  connec- 
tion between  these  two  facts,  more  especially  as  phosphate  of  lime,  in 
certaiia  states  of  crystallization,  forms  one  of  the  hardest  of  all  mineral 
bodies.  On  the  other  hand,  in  bones  which  are  undergoing  softening 
from  any  form  of  disease,  the  proj)ortion  of  phosphate  of  lime  is  dimi- 
nished; and  an  artificial  softening  may  be  induced  by  restricting  animals 
to  food  containing  little  or  none  of  this  salt.    In  regard  to  the  mode  iu 

*  See  the  Author's  "  Principles  of  Physiology,  General  and  Comparative,"  p.  39. 

"t"  "  The  constant  occurrence  of  Phosphate  of  Lime  in  the  histogenetic  substances,  and 
especially  in  the  plastic  fluids,"  remarks  Prof.  Lehmann,  "  as  well  as  its  deposition  in  many 
pathologically-degenerated  cells  of  the  animal  body,  obviously  strengthen  the  opinion  that 
this  substance  plays  an  important  part  in  the  metamorphosis  of  the  animal  tissues,  and 
especially  in  the  formation  and  in  the  subsequent  changes  of  animal  cells."  (Op.  cit. 
p.  416.)  Tliis  doctrine  has  been  strongly  advocated  in  a  work  entitled  "  Der  Phospho- 
riisaure  Kalk  in  phy*iologischer  und  therapeutischer  Beziehung"  (Gottingen,  1850),  by  Dr. 
Beneke ;  who  has  further  maintained,  that  in  various  diseases  which  are  characterized  by 
imperfect  nutrition,  the  real  source  of  the  want  of  formative  action  lies  in  the  deficiency  of 
this  substance,  which  is  carried  out  of  the  system  in  abnormal  quantity,  whenever  an  excess 
of  Oxalic  acid  is  generated  within  it ;  in  proof  of  which  he  alleges  that  great  benefit  is 
derived  in  such  cases  from  the  remedial  administration  of  phosphate  of  lime,  as  well  as  from  the 
prevention  of  the  formation  of  oxalic  acid,  where  this  is  possible.  (See  the  "  Proceedings  of 
the  Royal  Society,"  June  20,  1850.)— It  is  remarkable  that  the  glandular  epithelium  of  the 
mantle  of  certain  Bivalve  Mollusks,  which  seems  to  be  specially  concerned  in  the  formation  of 
the  shell,  should  be  found  to  contain  as  much  as  15  per  cent  of  phosphate  of  lime,  with  only 
'6  per  cent  of  the  carbonate,  the  remainder  of  their  solid  components  being  made  up  of  organic 
matter;  yet  the  shell  itself  contains  no  more  than  a  trace  of  the  phosphate.  (See  C. 
Schmidt,  "  Zur  vcrglcichenden  Physiologic,"  pp.  58-CO.) 

X  See  his  "Ciiemische  Untersuuhungen  Uber  die  Knocken  und  Ziihne  des  Menschen,  unJ 
der  Wirbelthicre,"  Schweini'urt,  1844. 
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which  it  is  deposited,  there  is  a  strong  probability  (as  already  remarked, 
§  33,)  that  the  earthy  salt  forms  a  definite  chemical  compound  with  the 
org'(inic  base.  It  is  not  only  in  the  skeleton,  however,  that  phosphate  of 
lime  presents  itself;  for  it  is  a  constituent  of  all  the  soft  tissues  of  the 
body,  being  intimately  united  with  the  organic  compounds  which  are 
their  essential  constituents.  Thus  the  ash  of  Cartilage,  amounting  to 
more  than  4  per  cent,  chiefly  consists  of  bone-earth ;  and  well-dried  Mus- 
cular fibre  contains  about  1  per  cent  of  this  substance.  It  would  almost 
seem,  indeed,  to  be  a  necessary  accompaniment  to  the  protein-compounds, 
which  are  with  difiiculty  freed  from  it  completely  (§§  20,  22).  As  might 
be  expected,  therefore,  it  is  met  with  in  solution  in  all  the  animal  fluids; 
both  those  which  contain  the  nutritive  materials,  and  those  which  are 
conveying  out  of  the  body  the  waste-matters  of  the  system.  In  the 
former,  it  is  no  doubt  held  in  solution  by  the. protein-compounds;  thus 
in  Milk,  we  find  it  in  intimate  union  with  the  casein,  which  has  a  special 
solvent  power  for  bone-earth;  and  in  Blood  it  is  in  like  manner  united 
with  the  albumen,  and,  in  a  less  degree,  with  the  fibrin.  All  fluids  into 
which  these  substances  pass,  even  in  a  state  of  incipient  metamorphosis, 
— as  the  lymph  of  the  lymphatics,  the  serous  fluid  which  permeates  the  la- 
cunae of  the  tissues,  the  salivary,  gastric,  and  pancreatic  secretions,  &c. — 
contain  phosphate  of  lime  as  their  accompaniment.  On  the  other  hand,  it 
forms  a  considerable  proportion  of  the  inorganic  constituents  of  the  m-ine; 
and  there  its  condition  is  entirely  different,  as  it  is  completely  dissociated 
from  organic  matter.  Its  solubility  in  that  fluid  seems  due  to  the  fact, 
that,  although  entirely  insoluble  in  water,  a  small  quantity  of  this  salt  is 
taken  up  by  solutions  of  chloride  of  sodium  or  of  hydrochl orate  of  am- 
monia, or  by  fluids  charged  with  carbonic  acid.  And  it  is  further  remark- 
able, that  lactic  acid  has  a  special  solvent  power  for  phosphate  of  lime ; 
as  much  as  68 1  parts  of  this  salt  being  dissolved  by  100  parts  of  the 
anhydrous  acid. — It  is  probable,  as  pointed  out  by  Lehmann,  that  phos- 
phate of  lime  may  be  formed  within  the  body,  by  the  union  of  phosphoric 
acid  set  free  fi'om  the  alkaline  phosphates,  or  generated  by  the  oxidation 
of  phosphorus,  with  carbonate  of  lime  contained  in  the  food  or  water 
consumed ;  but  there  cannot  be  a  doubt  that  the  greater  part  of  what  is 
contained  in  the  body,  is  introduced  there  ready  formed.  Of  its  abundance 
in  the  aliment  of  carnivorous  animals,  there  is  no  need  to  say  more ;  and 
it  is  present  to  a  large  extent  in  all  the  most  nutritious  articles  of  vege- 
table food,  especially  in  the  corn-grains. 

77.  Although  the  phosphate  of  lime  is  the  principal  solidifying  ingre- 
dient of  the  Bones  and  Teeth  of  the  higher  animals,  yet  they  also  contain 
a  considerable  amount  of  the  Carbonate;  the  proportion  which  the  latter 
salt  bears  to  the  former  being  greater  in  young  animals  than  in  old,* 
Thus,  according  to  Lehmann,  the  ratio  of  the  carbonate  to  the  phosphate 
is  as  1:3-8  in  the  Bones  of  a  new  born  child,  as  1:5-9  in  those  of  an 
adult  male,  and  as  1:8-1  in  those  of  an  old  male.  So,  according  to 
Lassaigne,  the  proportion  in  the  Teeth  of  a  new  born  child  is  as  1 :  3*6,  in 
those  of  a  child  of  six  years  old  as  1:5-3,  in  those  of  an  adult  as  1 :  6, 
and  in  those  of  an  aged  man  as  1 :  6-G.    In  the  enamel  of  human  teeth, 

*  This  statement  is  controverted  by  Von  Bibra ;  but  it  is  supported  by  the  analyses  of 
Lehjnann  and  of  many  otlier  chemists. 


78 


CHEMICAL  COMPONENTS  OP  THE  HUMAN  BODY. 


according  to  Von  Bibra  (Op.  cit.),  the  proportion  is  as  1 : 20-5. — It  is 
worthy  of  note  that  the  massive  skeletons  of  the  inert  Polypifera  and 
Molkisca  are  consolidated  by  carbonate  of  lirae,  almost  to  the  complete 
exclusion  of  the  Phosphate;  whilst  the  compai-atively  light  and  thin 
calcareous  casing  of  the  Crustacea,  which,  like  the  osseous  skeleton  of 
Vertebrata,  serves  for  the  attachment  of  the  muscles  that  move  the  body, 
and  therefore  needs  considerable  strength  in.  proportion  to  its  substance, 
contains  an  appreciable  amount  of  the  phosphate.  In  phleboliths  and 
other  abnormal  calcareous  concretions,  cretaceous  tubercles,  &c.,  the  pro- 
portion of  carbonate  of  lime  is  usually  high.  It  is  curious  that  cai'bonate 
of  lime  should  normally  present  itself  in  a  ciystalline  form,  in  a  certain 
part  of  the  human  organism,  namely,  within  the  membranous  lining  of 
the  vestibule  of  the  eai",  on  the  inner  surface  of  which  it  is  deposited,  the 
ciystals  being  sometimes  contained  within  cells.  They  are  very  minute, 
so  as  even  to  exhibit  the  molecular  movements  characteristic  of  particles 
of  very  small  dimensions ;  yet  their  crystalline  form  may  be  determined 
to  be  that  of  a  prism  dei'ivable  from  the  rhombohedron  of  calc-spar. 
Crystals  of  this  nature  occur  much  more  freqiiently  and  abimdantly 
among  the  lower  animals,  both  in  the  organs  of  hearing  and  in  other 
parts ;  thus  among  the  Batrachia  they  are  foixnd  in  the  membrane  of  the 
brain,  and  in  that  which  lines  the  intervertebral  foramina. — For  the 
sources  of  carbonate  of  lime  in  the  animal  organism,  it  is  not  requisite  to 
go  far  to  seek ;  since  almost  all  the  water  Avhich  is  used  as  di'ink  contains 
an  appreciable  portion  of  it,  and  in  the  waters  that  have  percolated 
through  calcai'eous  soils,  the  amount  of  this  salt  is  very  considerable. 
Moreover,  lime  is  taken-in  by  all  herbivorous  animals,  in  combination 
with  vegetable  acids ;  and  these  salts  are  converted  into  carbonates  within 
the  body ;  so  that  the  carbonate  of  lime,  if  not  converted  into  a  sulphate, 
muriate,  or  phosphate,  is  excreted  as  such  by  the  mine,  in  which  it  con- 
sequently appears  occasionally  in  large  quantities.  This  substance  is 
probably  held  in  solution  in  the  animal  fluids  (as  in  ordinaiy  spring 
water)  by  free  carbonic  acid;  but  the  chloride  of  sodium  and  other 
alkaline  salts  which  they  contain,  may  exert  an  additional  solvent  power. 
— Of  this  substance  it  may  be  remarked,  in  conclusion,  that  there  is  no 
evidence  of  its  subserviency  to  any  other  than  a  mechanical  purpose 
within  the  living  body. 

78.  With  the  foregoing  calcareous  salts,  a  small  quantity  of  Fhos2yhate 
of  Magnesia  is  almost  invariably  associated.  It  is  chiefly  found  in  the 
bones ;  and  its  proportion  is  somewhat  larger  in  the  bones  of  hei'bivora 
than  in  those  of  carnivora,  the  largest  proportion  presenting  itself  in 
the  teeth  of  Pachydermata.  The  ash  of  all  the  animal  fluids  and  tissues 
contains  a  little  phosphate  of  magnesia ;  and  its  presence  is  made  known 
by  the  microscope  in  tissues  m  which  putrefaction  has  actively  com- 
menced, these  being  everywhei-e  studded  with  crystals  of  the  'triple 
phosphate '  of  ammonia  and  magnesia,  a  salt  w^hich  is  fonned  wherever 
phosphate  of  magnesia  is  dissolved  in  an  ammoniacal  liquid.  Phosphate 
of  magnesia  is  introduced  into  the  body  as  a  part  of  the  ordinary  food  both 
of  carnivorous  and  herbivorous  animals ;  but  it  exists  in  much  larger  pro- 
portion in  many  vegetable  substances,  especially  the  seeds  of  the  Cerealia, 
than  it  does  in  animal  flesh ;  and  as  no  more  seems  to  be  taken  up  than 
the  system  requires,  the  residue  is  carried  off"  in  the  fa3ces,  of  whose  ash 
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from  lOi  to  13  per  cent,  has  been  found  to  consist  of  phosphate  of  mag- 
nesia when  a  mixed  diet  was  employed.  It  seems  to  be  from  the  super- 
fluity of  this  salt  in  their  food,  that  the  tendency  to  intestinal  concretions 
ai'ises  in  many  herbivorous  animals;  those  which  are  common  in  the 
horse,  for  example,  consisting  almost  entirely  of  the  triple  phosphate, 
wdth.  fragments  of  straw,  &c.  The  proportion  of  this  salt  which  is 
absorbed,  and  which  is  embodied  in  the  various  tissues,  seems  normally 
to  enter  the  urine  when  set  free  by  their  disintegTation,  and  to  be  thus 
cai-ried  out  of  the  body,  at  a  rate  corresponding  to  that  of  its  introduc- 
tion. If,  however,  free  ammonia  should  be  generated,  either  by  decom- 
position of  the  urine,  or  by  a  state  of  incipient  putrescence  of  the  solids 
or  fluids  of  the  body,  the  triple  phosphate  is  produced;  and  thus  it  is 
that  it  is  often  found  in  considerable  amount  in  the  urine,  and  that  it 
presents  itself  in  the  fsBcal  evacuations  in  cases  of  typhoid  fever.  That  it 
is  a  real  excretion  in  the  latter  case,  is  sufficiently  obvious  from  the  fact 
that  it  cannot  have  been  furnished  by  the  food;  and  it  is  interesting  to 
obsei-ve  that  its  crystals  are  found  thickly  studding  the  ulcerated  patches 
of  intestinal  giandulae,  which  are  probably  the  seat  of  their  elimination. 
— There  is  no  reason  to  think  that  the  function  of  phosphate  of  magnesia 
in  the  system  is  less  mechanical  than  that  of  carbonate  of  lime. 

79.  A  minute  proportion  of  Fluoride  of  Calcium  has  been  so  constantly 
found  in  the  bones,  that  it  may  be  considered  as  one  of  their  ordinary 
components ;  how  far,  however,  its  presence  is  to  be  regarded  as  essential, 
or  how  far  it  depends  upon  the  combination  of  this  with  other  calcareous 
salts  contained  in  the  food,  has  not  yet  been  determined.    That  it  is 
specially  attracted  by  osseous  tissue,  even  when  this  is  no  longer  alive, 
appears  from  the  fact  that  fossil  bones  are  often  found  to  contain  it  in 
extraordinary  amount,  no  less  than  15  or  16  peT  cent  being  occasionally 
discovered  in  them ;  and  this  can  scarcely  have  been  derived  from  any 
other  source,  than  a  percolation  of  water  charged  with  fluoride  of  calcium 
through  the  strata  in  which  the  bOnes  were  imbedded.    It  would  seem, 
moreover,  that  the  teeth,  and  especially  the  enamel,  contain  a  much 
lai'ger  proportion  of  this  substance  than  does  any  other  living  texture; 
thus  Berzelius  found  2*1  per  cent  of  fluoride  of  calcium  in  the  dentine, 
and  3-2  per  cent  in  the  enamel,  of  a  human  tooth.    It  is  obvious  that 
this  compound  must  be  derived  from  the  solid  or  liquid  aliment  intro- 
duced into  the  system,  and  must  be  absorbed  into  the  blood ;  and  there 
is  experimental  proof  that  such  is  the  case.    Fluoride  of  calcium  may  be 
detected  in  many  mineral  waters,  and  is  soluble,  according  to  the  expe- 
riments of  Dr.  G.  Wilson,*  in  about  28,000  times  its  weight  of  water; 
and  it  is  contained  in  the  ashes  of  plants  growing  on  micaceous  soils. 
The  same  experimenter  appears  clearly  to  have  determined  its  presence 
in  Blood  and  in  Milk,  although  he  has  not  made  a  quantitative  appre- 
ciation of  it;  and  we  may  fairly  expect  that  it  might  be  detected  in  the 
'  Urine,  if  a  sufficiently  large  amount  were  examined,  this  being  the 
'  channel  by  which  it  would  probably  find  its  way  out  of  the  body.f 

*  Reports  of  British  Association  for  1850,  pp.  67,  68. 

+  It  is  right  here  to  mention,  that  although  the  presence  of  fluoride  of  calcium  in  the  animal 
•  body  has  been  very  generally  admitted,  a  doubt  has  been  thrown  upon  the  validity  of  the 
proofs  usually  relied  on.    Dr.  G.  0.  Rces  states  ("  Guy's  Hospital  Reports,"  No.  ix.)  that 
he  could  not  succeed  in  unequivocally  detecting  this  salt  in  bone-ash,  although  as  little  as 
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80.  Although  Silica  is  one  of  the  most  important  mineral  ingi^dients 
of  many  Plants,  and  is  also  abundant  in  some  of  the  lower  forms  of 
Animal  structure,  yet  it  is  present  to  only  a  very  small  extent  in  the 
Human  organism,  the  sole  tissue  of  which  it  seems  to  be  a  normal 
constituent  being  the  Hair.*  According  to  the  analysis  of  Laer  and 
Gorup-Besanez,  about  0-22  per  cent  of  silica  is  to  be  found  in  the  ordi- 
nary brown  hair  of  man;  the  ashes  of  which  contain  nearly  13-9  of  this 
earth.  It  has  been  discovered  in  the  blood  of  Man  by  Mill  on,  and  in 
that  of  the  Ox  by  Weber,  in  both  cases,  however,  in  a  quantity  not 
exceeding  0-20  per  cent  of  the  ash;  in  the  ash  of  birds'  blood,  on  the 
other  hand,  its  proportion  is  about  five  times  as  great,  as  might  be  ex- 
pected from  the  lai'ger  demand  for  it  in  their  organisms.  Silica  has  been 
detected  also  in  the  bile  and  urine,  and  is  obviously  carried  out  of  the 
system  through  these  channels;  what  is  found  in  the  solid  excrements 
lias  obviously  been  derived  directly  from  the  food.  It  is  in  the  seed- 
coats  of  many  seeds,  especially  those  of  the  Monocotyledonous  division, 
that  the  chief  source  of  the  silica  introduced  into  the  bodies  of  animals 
is  to  be  found;  and  hence  it  is  that  the  feathers  of  granivorous  birds 
present  a  much  larger  proportion  of  silica  than  any  others,  and  that 
granivorous  quadrupeds  are  peculiarly  subject  to  intestinal  concretions 
including  a  large  quantity  of  silica. 

81.  Among  those  inorganic  components  of  the  Human  body,  whose 
function  is  rather  chemical  than  mechanical,  we  may  first  notice  Hydro- 
chloric acid,  which  may  be  regarded  as  an  occasional,  if  not  a  constant 
component  of  the  gastric  fluid.t  Both  lactic  and  hydi'ochloric  acids  have 
a  powerful  action  on  albuminous  substances;  and  there  is  reason  to  think 
that  the  acid  reaction  and  solvent  powers  of  the  gastric  flviid  may  be  due 
to  either  one  or  the  other.  In  the  gastric  fluid  of  Man,  however,  it  seems 
certain  (as  will  be  shown  hereafter,  chap,  vii.)  that  free  hydrochloric  acid 
normally  exists,  in  such  a  proportion  as  to  render  it  efficient  as  the  solvent. 

82.  Of  all  the  mineral  constituents  of  the  Human  organism,  there  is 
none  more  important  in  a  chemical  point  of  view  than  Chloride  of 
Sodium.  This  substance  occurs  in  nearly  every  part  of  the  body,  both 
solid  and  fluid,  in  close  and  intimate  relation  with  the  organic  com- 
pounds, whose  chemical  and  physical  properties  ai'e  materially  influenced 

0"3  gr.  added  to  100  grains  of  bone-ash  produced  unequivocal  corrosion  of  glass  ;  and  he  is 
disposed  to  attribute  the  very  different  results  obtained  by  other  Chemists,  to  the  power  of 
phosphoric  acid  to  corrode  glass  of  inferior  quality. — It  may  be,  however,  that  the  presence  of 
this  salt  is  purely  accidental,  depending  upon  an  impregnation  of  the  waters  of  the  neigh- 
bourhood, and  upon  its  reception  into  plants  growing  under  circumstances  in  which  it  is 
abundantly  supplied.  If  this  be  the  case,  it  might  be  met  with  in  considerable  amount  in 
some  bones,  and  be  entirely  wanting  in  others. 

*  It  is  interesting  to  remark  that  Gorup-Besanez  has  found  Silica  to  be  a  unifoi-m  compo- 
nent of  the  feathers  of  Birds ;  of  the  aslies  of  which  it  constitutes  from  6  9  to  as  much  as  65 
per  cent.  Moreover,  the  silica  presents  itself  in  much  larger  amount  in  the  feathers  of  adult 
birds  than  in  those  of  the  young,  only  traces  of  it  being  found  in  newly-grown  feathers  ;  and 
further,  it  is  in  the  feathers  of  the  wings,  in  which  the  greatest  rigidity  is  required,  that  the 
largest  amount  of  silica  is  contained. 

+  This  acid  can  always  be  obtained  from  gastric  fluid  by  distillation.  It  has  been  found, 
however,  that  lactic  acid,  which  is  also  present  in  the  stomach  49),  has  the  power  of 
decomposing  chloride  of  sodium,  and  of  setting-free  hydrochloric  acid,  by  the  aid  of  heat; 
but  whether  it  ordinarily  does  this  at  the  temperature  of  the  stomach,  is  doubtful.  Even 
during  evaporation  in  vacuo,  lactic  acid  will  decompose  chloride  of  calcium,  and  will  thus 
disengage  hydrochloric  acid. 
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by  it: — thus  Albumen  partly  owes  its  solubility  to  this  salt,  and  the 
differences  which  it  presents  in  coagulating  are  in  great  degree  dependent 
upon  the  quantity  of  it  that  is  present;  pure  Casein,  which  is  other- 
wise insoluble,  is  also  dissolved  by  common  salt;  and  if  salt  be  added 
in  increased  j)roi3ortion,  it  has  the  power  of  impeding  the  coagulation  of 
the  Fibrin  of  the  blood.  Moreover,  this  substance  is  not  only  iiniformly 
present,  but  exists  in  nearly  definite  and  constant  proportions,  in  the 
several  tissues  and  fluids;  and  the  existence  of  a  provision  for  the  limi- 
tation of  the  quantity  retained  in  the  system,  renders  these  proportions 
but  little  liable  to  be  affected,  in  the  way  of  excess  at  least,  by  the 
quantity  of  salt  which  the  food  may  contain.  Thus  Lehmann  found  that 
whilst  his  own  blood  in  a  normal  state  contained  4-14  parts  of  chloride 
of  sodium  in  1000,  this  proportion  was  only  increased  to  4-15  after  the 
use  of  very  salt  food  which  caused  intense  thirst,  and  only  rose  to  4-1 8  when 
two  ounces  of  salt  had  been  taken  an  hour  before,  and  two  quarts  of 
water  had  been  drunk  in  the  interval.  The  quantity  of  salt  in  the  blood 
in  different  diseases,  however,  is  liable  to  great  variation;  and  there  can 
be  little  doubt  that  this  variation  is  intimately  connected  (though  whether 
in  the  relation  of  cause,  or  in  that  of  effect,  we  are  scarcely  yet  entitled 
to  surmise)  with  the  histological  and  other  transformations  of  the  com- 
ponents of  the  blood.*  The  proportion  of  chloride  of  sodium  differs 
greatly  in  the  several  tissues,  and  also  at  different  periods  of  the  development 
of  the  same  tissue.  Thus  in  Muscle,  according  to  Enderlin,  1 00  -parts  of 
the  ash  left  after  incineration  of  ox-flesh  yielded  nearly  46  per  cent  of  the 
chlorides  of  sodium  and  potassium;  which,  as  this  ash  constitutes  4-2.3 
per  cent  of  the  dried  flesh,  would  give  1-94  as  the  proportion  of  chloride 
of  sodium  in  1 00  parts  of  the  latter ;  and  repkoning  this  di'ied  residue  to 
constitute  23  j)er  cent  of  the  whole  substance  of  the  muscle  (the  remain- 
ing 77  parts  being  water),  the  proportion  of  chloride  of  sodium  in  the 
latter  will  be  0*44, — these  figures,  as  will  be  presently  seen,  bearing  a 
remarkably  close  correspondence  to  those  which  represent  the  propor- 
tion of  chloride  of  sodium  in  the  ash,  solid  residue,  and  entire  mass,  of 
the  Blood.  Next  to  muscle,  the  largest  per-centage  of  chloride  of  sodium 
seems  to  be  contained  in  Cartilage ;  and  this  especially  in  the  temporary 
cartilages  of  the  foetus,  the  proportion  diminishing  as  the  phosphate  of 
lime  is  deposited.  The  per-centage  of  chloride  of  sodium  contained  in 
the  ash  of  the  costal  cartilage  of  an  adult  has  been  stated  at  8-2,  and 
in  the  laryngeal  cartilage  at  11-2;  but  as  the  ash  does  not  constitute 
above  3-4  per  cent  of  the  entire  substance,  the  per-centage  of  chloride 
of  sodium  in  the  latter  is  at  most  0-38  of  the  whole,  or  less  than  that  of 
blood  and  muscle.  In  Bone,  only  from  0-7  to  1-5  per  cent  could  be 
extracted  from  the  ash. — Besides  the  important  uses  of  common  salt  in 
the  Blood  which  have  been  already  adverted  to,  it  serves  the  important 
purpose  of  furnishing  the  hydrochloric  acid  required  (by  many  animals 
at  least)  for  the  gastric  secretion  (§  81);  and  it  also  furnishes  the  soda- 
base  for  the  alkaline  phosphate,  whose  presence  in  the  blood  appears  to 
serve  a  most  important  purpose  in  the  respiratory  process  (§  84).  More- 
over, there  is  reason  to  think,  from  the  experiments  of  Boussingault  upon 
animals,  as  well  as  from  other  considerations,  that  the  presence  of  salt  in 

*  The  special  influence  of  the  saline  constituents  of  the  Blood  upon  its  red  corpuscles,  will 
be  noticed  hereafter  (_§  139). 
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tlie  blood  and  excreted  fluids  facilitates  the  deportation  of  excrementi- 
tious  substances  from  the  body. — The  proportion  in  which  it  occurs  in 
the  principal  animal  fluids  is  represented  by  the  following  table,  con- 
structed by  Prof  Lehmann  chiefly  from  his  own  analyses. 

Per-centagk  op  Chloride  of  Sodium  in  various  Animal  fluids,  their  Solid 

Residue,  and  their  Ash. 


Liquid. 

Solid  Residue. 

Ash. 

Human  Blood 

0-4-21 

1-931 

57-641 

Blood  of  Horse 

0-510 

2-750 

67-105 

Chyle 

0\531 

8-313 

67-884 

Lymph  (Nasse)  . 

0-412 

8-246 

72-902 

Serum  of  the  blood  (Nasse) 

0-405 

5-200 

59090 

Blood  of  the  cat  (Nasse)  . 

0-537 

2-826 

67-1-28 

Chyle  (Nasse) 

0-710 

7-529 

62-286 

Human  Milk 

0087 

0-726 

33-089 

Saliva 

0-153 

12-988 

62-195 

Gastric  Juice  of  Dog 

0-1-26 

12-753 

42-089 

Human  Bile 

0-364 

8-353 

30-464 

Mucus  (Nasse) 

0-583 

13-100 

70-000 

Serum  of  pus  (Nasse) 

1-260 

11-454 

72-330 

The  quantity  of  chloride  of  sodium  contained  in  the  Urine  is  liable  to 
very  great  variations,  being  greatly  augmented  when  an  excess  of  salt 
has  been  ingested  either  in  food  or  in  water;  and  it  is  obvious  that  it 
is  one  of  the  offices  of  the  kidney  to  filter  off",  so  to  speak,  the  super- 
fluity of  this  substance  from  the  blood.  Chloride  of  sodium  finds  its  way 
into  the  system,  as  a  constituent  of  almost  all  articles  both  of  vegetable 
and  animal  diet ;  it  is  also  contained,  though  in  small  proportion,  in  most 
of  the  water  which  is  used  as  di-iuk ;  and  by  most  races  of  man,  it  is  used 
in  considerable  amount  as  a  condiment.  It  seems  probable,  however, 
that  the  quantity  which  is  really  required  is  usually  supplied  by  the  ordi- 
nary diet ;  and  there  are  numerous  tribes  which  subsist  in  health  and 
vigour  without  any  additional  source  of  it.  Probably  the  inhabitants  of 
inland  countries  may  stand  in  greater  need  of  salt,  than  the  dwellers 
on  the  sea-board;  since  the  plants  grown  in  the  latter  situation  contain  a 
much  larger  amoimt  of  this  saline  derived  from  the  atmosphere,  than  do 
those  raised  at  a  great  distance  from  the  ocean. 

83.  That  a  small  quantity  of  the  Alkaline  Carbonates  (especially  of 
carbonate  of  soda)  exists  in  ordinai-y  Blood,  though  its  presence  was 
denied  by  Enderlin,  is  now  generally  admitted  by  Chemists.  Lehmann 
states  the  proportion,  as  the  mean  of  ten  analyses  of  ox-blood,  at  0-16 
per  cent.  Since  free  carbonic  acid  is  undoubtedly  present  both  in  venous 
and  arterial  blood,  it  has  been  maintained  that  its  soda  must  be  in  the 
condition  of  a  bicarbonate,  since  the  ordinary  carbonate  of  soda  cannot 
remain  as  such  in  the  presence  of  a  free  acid ;  but  the  soda-salt,  whatever 
be  its  nature,  is  probably  united  so  intimately  with  the  protein-com- 
pounds, that  its  ordinary  modes  of  combination  are  greatly  modified. 
The  carbonate  and  bicarbonate  of  soda  (particularly  the  latter),  have  a 
special  power  of  rendering  Albumen  soluble ;  and  their  presence  in  large 
quantity  has  the  effect  of  impeding  or  altogether  preventing  the  coagula- 
tion of  the  Fibrin,  apparently  through  their  power  of  chemically  dissohang 
it. — The  alkaline  cai-bonates  in  the  blood  are  probably  for  the  most  pai't 
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not  introduced  as  such,  but  result  from  the  decomposition  of  the  lactates 
(§  49)  and  of  other  salts  formed  by  organic  acids,  a  considerable  amount 
of  wliich  must  be  ingested  in  the  food  of  herbivorous  animals.  And  one, 
at  least,  of  their  functions  within  the  system,  is  to  supply  a  base  for  the 
acids  which  are  generated  within  it ;  these  acids  being  produced  (as  in 
the  case  of  phosphoric  and  sulphuric  acids)  during  the  disintegration  of 
the  tissues,  and  forming,  with  bases,  neutral  salts  which  are  speedily 
eliminated  from  the  system  by  the  kidneys;  or  (as  in  the  case  of  lactic 
acid)  being  developed  by  the  metamorphosis  of  compounds  which  may 
have  never  formed  part  of  the  living  tissues,  and  being  only  united 
temporarily  with  the  base,  to  be  reduced  by  the  respiratory  process, 
leaving  the  base  in  its  original  state  of  combination  with  carbonic  acid. 
— The  following,  according  to  Prof  Liebig,  are  among  the  imj)ortant 
purposes  which  ai-e  served  by  the  alkalinity  of  the  Blood.  By  its 
means,  the  chief  constituents  of  the  blood  are  kept  in  their  fluid  state ; 
the  extreme  facility  with  which  the  blood  moves  through  the  minutest 
vessels,  is  due  to  the  small  degree  of  permeability  of  the  walls  of  these 
vessels  for  the  alkaline  fluid. '  The  free  alkali  acts  as  a  resistance  to 
many  causes,  which,  in  the  absence  of  the  alkali,  would  coagulate  the 
albumen.  The  more  alkali  the  blood  contains,  the  higher  is  the  tempe- 
rature at  whicb  its  albumen  coagulates ;  and  with  a  certain  amount  of 
alkali,  the  blood  is  no  longer  coagulated  by  heat  at  all.  On  the  alkali  depends 
a  remarkable  property  of  the  blood,  that  of  dissolving  the  oxides  of  iron, 
which  are  ingi-edients  of  the  colouring  matters  of  the  blood,  as  well  as 
other  metallic  oxides,  so  as  to  form  perfectly  transparent  solutions. 
The  free  alkali  serves  also  to  promote  the  combustion  of  organic  com- 
pounds, which  in  its  presence  acquire  a  pow^r^of  combining  with  oxygen 
that  they  do  not  possess  alone  at  ordinary  temperatm-es ;  thus  milk-sugar 
and  gTape-sugar,  in  presence  of  a  free  alkali,  and  with  the  aid  of  a  gentle 
heat,  deprive  even  metallic  oxides  of  their  oxygen.  Further,  it  is  by  the 
alkalinity  of  the  blood,  that  the  metamorphosis  of  the  malic,  citric, 
tartaric,  and  other  organic  acids  used  as  food,  is  promoted ;  and  the  same 
influence  is  exerted  even  over  uric  acid,  which,  when  introduced  into  the 
system  from  without,  is  speedily  resolved  into  m"ea  and  oxalic  acid.  If 
on  the  other  hand,  there  be  not  an  adequate  supply  of  alkali  in  the 
blood,  some  of  the  vegetable  acids  (such  as  the  gallic  and  tartaric)  pass 
through  it  unchanged,  and  make  their  appearance  in  the  inine;  this 
being  especially  the  case  in  carnivorous  animals,  whose  blood  (according 
to  Prof  Liebig)  contains  more  of  the  alkaline  phosphates,  and  less  of  the 
carbonates,  than  that  of  herbivorous  or  omnivorous  animals. It  was  at 
one  time  maintained  by  Prof  Liebig,  that  the  presence  of  cai'bonate  of 
soda  in  the  serum  of  the  blood  promotes  the  absorption  of  carbonic  acid 
by  the  circulating  fluid,  this  being  displaced  by  oxygen  in  the  lungs. 
He  has  latterly  urged,  however,  that  this  action  must  be  very  insigni- 
ficant, in  comparison  with  that  which  is  performed  by  phosphate  of 
soda.t 

84.  The  ordinary  analyses  of  the  blood  and  of  other  fluids  of  the  living 
body,  indicate  the  presence  of  a  considerable  amount  of  the  Alhaline 

*  See  Prof.  Licljig's  "  Familiar  Letters  on  Chemistry,"  letter  xxviii ;  and  his  "  Researches 
on  the  Chemistry  of  Food,"  pp.  9.3  e,l  seq. 
t  Sec  his  "  Researches  on  the  Ciiemistry  of  Food,"  pp.  113-6. 
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Phosjyhates,  soda  being  the  predominating  base;  and  much  ingenious 
speculation  has  been  put  forth  concerning  their  special  uses  in  promoting 
the  metamorphoses  of  tissue,  arising  out  of  the  remarkable  variety  in  the 
combining  proportions  of  phosphoric  acid  and  its  bases.  But  it  has  been 
rendered  doubtful,  to  say  the  least,  by  the  recent  analyses  of  Rose,  Avhether 
the  phosphates  do  exist  as  such  in  the  blood,  &c.,  and  whether  they  are 
not  rather  formed  during  the  incinerating  process,  by  the  oxidation  of 
phosphorus,  and  the  combination  of  the  phosphoric  acid  thus  formed  Avith 
the  alkaline  bases  previously  combined  with  carbonic  or  with  organic  acids. 
Moreover,  as  it  appears  from  the  researches  of  Prof  Liebig  just  cited, 
that  the  relative  amount  of  the  alkaline  phosphates  and  carbonates  in  the 
blood  of  different  animals,  is  subject  to  great  variation  in  accordance  with 
the  nature  of  their  food  (the  former  being  in  lai'gest  proportion  in  the 
blood  of  carnivorous,  and  the  latter  in  that  of  purely  herbivorous  animals), 
it  may  be  suspected  that  substances,  whose  quantity  seems  to  be  so  much 
a  matter  of  incUfforence,  must  either  be  of  secondary  importance  in  the 
vital  economy,  or  must  be  in  some  degree  vicarious  with  each  other. 
This  last  idea  is  perhaj)S  the  nearest  to  the  truth ;  for  according  to  Prof 
Liebig,  the  alkalinity  of  the  blood  in  carnivorous  animals  is  due  much 
rather  to  the  presence  of  the  basic  phosphate  of  soda,  than  to  that  of  the 
carbonate.  Moreover,  the  remarkable  power  which  the  serum  of  the 
blood  possesses  for  the  absorption  of  carbonic  acid  (nearly  twice  its 
volume  of  that  gas  being  taken  up  by  it  at  the  ordinary  temperature, 
which  is  double  the  amount  which  water  will  absorb  under  the  same  cir- 
cumstances), is  mainly  due  to  the  presence  of  phosphate  of  soda;  a 
solution  of  1  part  of  which  in  100  parts  of  water  is  found  to  take  up  twice 
as  much  ctu*bonic  acid  as  an  equal  bulk  of  water  will  absorb  at  the  same 
temperature,  two-thirds  of  this  being  readily  yielded  up  when  the  liquid 
is  agitated  with  air,  or  the  atmospheric  pressure  is  diminished.  This 
property  is  not  possessed  by  a  solution  of  phosphate  of  potash ;  and  the 
constant  presence  of  a  certain  amount  of  phosphate  of  soda  in  the  blood, 
even  when  none  exists  in  the  food,  which  is  very  significant  of  its  impor- 
tance in  the  economy,  is  explained  by  Prof  Liebig  by  the  fact,  that  when 
phosphate  of  potash  is  brought  in  contact  with  chloride  of  sodium,  a 
double  decomposition  takes  place,  of  which  phosphate  of  soda  is  one  of 
the  products,  this  remaining  in  the  blood,  whilst  the  potash-salt  is  appro- 
priated by  the  muscular  substance  (§  85).*  The  alkaline  phosphates  find 
their  way  very  readily  into  the  urine  ;  and  it  will  be  shown  hereafter  that 
a  temporary  augmentation  of  their  amount  in  that  excretion  is  often  trace- 
able to  an  unusual  disintegration  of  Nei-vous  matter,  setting  free  its  excess 
of  phosphorus  in  the  state  of  phosphoric  acid.  Where  the  lai-gest  propor- 
tion of  phosphorized  aliment  is  taken,  there  will  of  course  be  the  largest 
proportion  of  phosphatic  salts  in  the  urine ;  and  thus  it  happens  that  the 
urine  of  cai-nivorous  animals  is  much  more  strongly  acidified  than  that  of 
herbivorous,  and  that  the  urine  of  the  latter  is  often  alkaline  from  the 
abundance  of  bases  and  the  deficiency  of  phosphoric  acid. 

85.  Although  Soda  has  been  spoken  of  as  the  predominant  base  of  the 
alkaline  carbonates  and  phosphates,  yet  the  presence  of  Potash  in  appre- 
ciable quantity  must  not  be  left  out  of  view,  moi'e  especially  as  this 
substance  presents  itself  in  muscle  in  so  much  lai'ger  a  proportion,  that  its 

•  "  Researches  on  the  Cheraistry  of  Food,"  pp.  104-118. 
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special  relation  to  muscular  tissue  can  scarcely  be  a  matter  of  doubt.  The 
following,  according  to  Prof  Liebig,*  are  the  relative  amounts  of  Soda  and 
Potash  in  the  Blood  and  Muscle  of  five  different  animals,  the  Soda  being 


reckoned  at  100. 

Potash  in  the  Blood.  Potash  in  the  Flesh. 

Fowl  .  .  .  40-8  384 

Ox  .  ;  .  5-9  279 

Horse  ...  9-5  285 

Fox  .  .  .  ...  214 

Pike  ......  497 


How  far  these  proportions  are  liable  to  be  influenced  by  the  nature  of  the 
food,  and  within  what  limits  they  are  normally  confined,  has  not  yet  been 
determined ;  and  it  is  scarcely  yet  safe,  therefore,  to  found  any  theory  of 
disease  upon  a  supposed  excess  or  deficiency  of  the  potash-base.t 

86.  Although  Ammonia  is  found  abundantly  in  excreted  matters,  and 
may  be  regarded  as  one  of  the  ordinary  i)roducts  of  the  decomposition 
which  is  continually  taking  place  in  the  living  body,  yet  it  cannot  be  pro- 
jDerly  said  to  be  one  of  its  constituents,  since  it  is  nowhere  fomid  either  in 
the  nutritive  fluids  or  in  the  living  solids,  so  long  as  they  preserve  their 
healthy  state.  Even  in  the  Urine,  when  freshly  secreted  in  the  state  of 
health,  it  is  positively  denied  by  Prof  Lehmann  that  Ammonia  exists ; 
the  precipitate  thrown  down  on  the  addition  of  bichloride  of  platinum 
(which  was  regarded  by  Heintz  as  indicating  its  presence)  being  really  a 
potash-salt.  When  decomposition  commences  in  the  fluid,  however,  a 
large  quantity  of  ammonia  soon  shows  itself ;  as  it  does  also  in  certain 
states  of  disease  (chap.  xii.  sect.  3).  Ammonia  seems  to  be  a  normal 
constituent  of  the  cutaneous  and  pulmonary  exhalations;  being  found 
in  the  sweat,  especially  that  of  the  axillae,  tmd  in  the  halitus  of  the 
breath. 

87.  That  Iron  is  a  normal  constituent  of  the  Human  body,  has  been 
ah'eady  pointed  out  in  the  account  of  Hsematin  (§  31).  It  is  not  by  any 
means  confined,  however,  to  the  red  corpuscles;  for  it  exists,  though  in 
minute  proportion,  in  the  liquor  sanguinis  in  which  they  float,  and  it  is 
found  also  in  various  solid  tissues.  The  per-centage  which  it  forms  of  the 
entire  ash  is,  according  to  Rose's  method,  in  ox-blood  6-84,  in  milk  10-47, 
in  yolk  of  egg  1-8.5,  in  white  of  egg  2-09,  in  horse-flesh  1-00,  in  bile  0-23, 
and  in  faeces  2-09.  According  to  Von  Laer,  hair  contains  about  0-4  per 
cent  of  iron,  which  amounts  to  no  less  than  from  one-ninth  to  one-half  of 
the  entire  ash.  The  presence  of  this  substance  in  such  large  and  constant 
amount,  especially  in  the  nutritive  fluids,  shows  that  it  cannot  be  regarded 
as  an  accidental  component ;  but  it  must  be  confessed  that  nothing  definite 
can  be  predicated  of  its  uses.  These  are  no  doubt  specially  connected 
with  the  function  of  the  red-corpuscles,  whatever  this  may  prove  to  be ; 
and  it  is  an  additional  indication  of  the  colom-ing-matter  of  the  bile  being 
derived  from  hsematin  (§  70),  to  find  that  iron  is  readily  detectable  in  the 
former  substance.    As  almost  every  article  of  ordinary  food,  whether 

*  "  Researches  on  the  Chemistry  of  Food,"  p.  107. 

+  The  experiments  of  Dr.  Garrod  have  led  him  to  the  conclusion,  that  the  proximate  cause 
of  Scurvy  lies  in  the  deficiency  of  potash  in  the  blood  ;  and  that  this  disease  m.ay  be  success- 
fully treated  by  the  administration  of  alkaline  medicines  alone.  (See  his  papers  in  the 
"Lancet"  and  in  the  "  Edinb.  Monthly  Journal,"  for  1848).  A  much  larger  induction, 
however,  is  requisite  for  tlie  cstablisliment  of  this  position. 
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animal  or  vegetable,  contains  iron,  its  presence  in  the  system  is  easily 
accounted  for.  Under  ordinary  circumstances,  this  soux'ce  will  be  quite 
adequate ;  but  when  there  is  a  deficiency  in  the  amount  of  the  red  cor- 
j)uscles  of  the  blood,  and  it  is  desirable  to  accelerate  their  production, 
the  administration  of  iron  in  a  separate  form,  especially  in  conjunction 
with  a  diet  of  which  animal  flesh  constitutes  a  large  pai't,  usually  promotes 
their  development. 

88.  The  foregoing  constitute  all  the  inorganic  substances  (in  addition 
to  the  Sulphur  and  Phosphorus  already  spoken  of  in  connection  with  the 
protein-compounds),  which  can  be  regarded  as  normal  components  of  the 
tissues  and  nutritious  fluids  of  the  Human  body.  There  are  certain 
others,  however,  which  ordinarily  present  themselves  in  the  excretions, 
either  as  constituents  of  the  food  which  ai'e  at  once  rejected,  or  as  results 
of  the  chemical  processes  that  take  place  within  the  system ;  and  which, 
though  occasionally  to  be  detected  in  the  blood,  seem  to  be  present  there 
only  as  on  the  road  to  their  outlets.  In  this  light  we  are  probably  to 
regard  the  Alkaline  Sulphates,  which,  although  abundant  in  the  mine, 
are  rarely  to  be  detected  in  the  blood,  milk,  bile,  &c.,  except  by  pro- 
cesses which  will  oxidize  the  sulphm"  they  may  contain,  and  which  will 
consequently  produce  sulphates  that  did  not  exist  there  before.  Even 
when  sulphates  are  taken  into  the  stomach,  it  appears  that  they  are  ordi- 
narily converted,  in  part  at  least,  into  sul^jhiirets,  in  the  alimentary  canal ; 
this  change  being  due,  as  the  experiments  of  Lehmann  have  shown,  to  the 
decomposition  which  is  going  on  in  the  organic  mattei's  in  contact  with 
the  saline.  Of  that  which  does  not  undergo  this  conversion,  a  small  quan- 
tity finds  its  way  into  the  circulation,  to  be  immediately  eliminated  by 
the  kidneys ;  whilst  the  residue,  if  large  doses  have  been  given,  passes  off" 
unchanged  in  the  faeces.  When  no  such  extraneous  source  of  the  sulphates 
exists  in  the  solids  or  liquids  ingested,  the  quantity  of  them  which  is 
found  in  the  tu'ine  may  be  considered  as  representing  an  equivalent 
amount  of  sulphur  which  has  been  introduced  into  the  system  in  combi- 
nation with  the  protein-compounds,  and  which  has  been  set  fi^-ee  and 
oxidized  in  the  final  metamorphosis  of  tissue.  The  proportion  is  higher 
when  a  strictly  animal  diet  is  employed,  than  when  the  diet  is  of  the  ordi- 
nary mixed  character ;  and  higher  on  a  mixed,  than  on  a  pm'ely  vegetable 
diet.  This  is  j  ust  what  might  be  anticipated,  from  the  larger  proportion 
of  the  sulphurized  compounds  in  animal  flesh. — It  appears  scarcely  requi- 
site to  mention  Carbonate  of  Magnesia  under  this  head ;  since,  although 
it  is  very  commonly  foimd  in  the  lu-ine  and  in  the  urinary  concretions  of 
herbivoro\is  animals,  it  is  comparatively  rare  in  Man.  As  the  magnesia 
seems  to  be  introduced  in  the  state  of  phosphate,  this  cai'bonate  is  pro- 
bably formed  by  double  decomposition  with  some  calcareous  salt  formed 
by  an  organic  acid,  the  lime  being  converted  into  a  phosphate,  and  the 
magnesia  uniting  with  the  organic  acid,  to  be  afterwards  reduced  to  the 
state  of  carbonate. — Under  this  head  may  also  be  noticed  the  Su^^ho- 
cyanide  of  potassium  y^hich.  is  usually  present  in  human  Saliva,  and  which 
gives  a  blood-red  colom-  to  the  per-salts  of  iron,  that  is  liable  to  be  con- 
founded with  that  produced  by  morphia.  As  this  substance  occxu"S  in 
extremely  small  quantity,  and  as  it  is  frequently  absent  altogether  without 
any  concurrent  deficiency  in  the  digestive  j)Ower,  it  cannot  be  regarded 
as  an  essential  constituent  of  the  Salivary  secretion. 
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89.  We  have  now,  in  the  last  place,  to  advert  to  the  asserted  presence 
of  certain  Metals,  as  normal  or  occasional  constituents  of  the  Human  body. 
That  which  is  of  the  most  importance  in  a  medico-legal  point  of  view,  is 
Arsenic;  which  was  at  one  time  maintained  by  Orfila  to  be  constantly  met 
with  in  bones.    That  this  statement  was  erroneous,  has  been  fully  proved 
by  subsequent  researches;*  and  it  may  be  confidently  asserted  that  the 
presence  of  ai'senic  in  the  tissues  can  only  be  attributed  to  its  introduction 
into  the  system  in  some  special  mode.    Even  when  minute  doses  of  arsenic 
are  introduced  into  the  body,  as  by  the  use  of  mineral  waters,  vinegar,  tfec, 
containing  this  substance,  they  are  speedily  eliminated  from  it  by  the 
urinary  secretion;  so  that  the  metal  does  not  accumulate  in  the  tissues. 
It  is  only  when  introduced  more  rapidly  than  the  system  can  carry  it  off, 
that  it  exhibits  its  deleterious  effects  upon  the  economy,  and  that  it  is 
detectable  in  the  solid  tissues.    Thus  Dr.  Letheby  has  shown  that  poison- 
ous doses  of  ai'senic  may  be  repeatedly  administered  to  animals,  without 
the  usual  injurious  consequences,  if  diuretics  be  given  at  the  same  time 
so  as  to  occasion  an  unusual  activity  in  their  elimination.    When  even  a 
single  dose  has  been  administered,  however,  sufficiently  potent  to  occasion 
death,  arsenic  may  very  frequently  be  detected  in  the  liver  and  kidneys 
(the  excreting  organs  towards  which  it  is  sj)ecially  determined),  and  some- 
times also  in  the  heart,  lungs,  brain,  and  muscles. — The  frequent  presence 
of  Copper  in  the  liver  of  Man,  and  in  the  bile  and  biliary  concretions,  may 
now  be  regarded  as  a  well-established  fact  in  Animal  Chemistry ;  but  it  is 
not  hence  to  be  concluded  that  this  metal  is  a  normal  constituent  of  his 
body.    On  the  contrary,  there  is  valid  reason  to  believe,  that  when  intro- 
duced in  small  quantities,  either  by  its  presence  in  the  food  or  drink 
ingested,  or  by  the  accidental  contamination  of  these  by  the  utensils  em- 
l^loyed  in  their  preparation,  copper  is  removed- by  the  excretory  apparatus, 
the  liver  affording  the  special  channel  for  its  elimination.  It  is  interesting 
to  remark  that  copper  appears  to  be  a  normal  constituent  of  the  blood  of 
some  marine  Invertebrated  animals  (both  Molluscous  and  Articulated), 
where  it  seems  to  replace  iron.t — The  presence  of  Lead  in  the  tissues 
and  fluids  of  the  Human  body  would  seem  to  be  far  more  frequent;  yet 
it  is  not  entitled  to  rank  as  a  normal  component  of  the  organism.  Lead 
is  i)re-eminently  cumulative  in  its  tendencies;  that  is,  when  it  has  been 
introduced  into  the  circulation  in  small  quantities,  the  excreting  organs 
make  little  effort  to  remove  it,  and  it  is  deposited  in  the  tissues.    Thus  it 
happens  that  the  habitual  ingestion  of  even  veiy  minute  quantities  of  this 
metal,  will,  if  continued  for  a  sufficient  length  of  time,  give  rise  at  last  to 
the  most  severe  symptoms;  and  that  the  entire  body  seems  to  be  then 
charged  with  the  poison,  which  may  especially  fix,  however,  upon  particu- 
lar muscles,  or  gi'oups  ojf  muscles,  which  it  paralyzes,  and  in  whose  sub- 
stance it  is  deposited  in  very  sensible  amount.    In  the  treatment  of  such 
cases,  it  is  a  matter  of  the  greatest  importance  to  obtain  the  elimination 

*  See  the  Report  on  this  subject,  made  by  a  Committee  of  the  French  Institute  in  1841. 
The  medical  witness,  however,  who  is  called  on  to  speak  as  to  the  presence  of  arsenic  in  the 
tissues,  may  expect  to  be  severely  questioned  as  to  this  point  by  an  opposing  counsel,  and 
should  be  prepared  with  his  negative  evidence. 

t  It  is  affirmed  by  Millon,  that  copper  may  be  detected  in  human  blood  ;  but  his  conclu- 
sions have  been  controverted  by  Melsens.  See  "  Ann.  de  Chini.  et  do  Pliys.,"  3iemc  scr. 
torn,  xxiii.  pp.  358-372. 
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of  the  poison  through  the  excretory  organs;  and  it  does  not  appear  that 
either  the  liver  or  the  kidneys  can  be  acted-on  for  tins  purpose  so  effectually 
as  the  skin,  through  which  the  lead  may  be  drawn  forth  in  large  quantities 
by  means  of  warm  sulphurous  baths,  t  That  the  kidneys,  however,  do 
serve  as  channels  for  its  removal,  is  proved  by  the  detection  of  lead  in  the 
ui'ine,  by  hydrosulphate  of  ammonia ;  and  it  seems  to  be  to  its  power  of 
rendering  lead  soluble,  and,  at  the  same  time,  to  its  stimulation  of  the  kid- 
neys to  increased  action,  so  as  to  eliminate  the  soluble  compound,  that  we 
are  to  attribute  the  good  effects  which  have  been  obtained  from  the  use  of 
iodide  of  potassium  in  removing  Lead  from  the  system, 

7.  General  Summary, — Operation  of  Chemical  Forces  in  the  Living 

Body. 

90.  We  have  now  passed  in  review  the  chief  among  those  components 
of  the  Human  body, — whether  presenting  themselves  in  its  nutritive 
fluids,  in  its  solid  tissues,  or  in  its  excretory  products, — ^whose  existence 
has  been  made  definitely  known  by  Chemists.  It  is  by  no  means  to  be 
assumed  that  what  has  here  been  stated  affords  a  complete  list  of  the 
chemical  components  of  this  fabric ;  still  less,  that  the  account  which  has 
been  given  of  the  metamorphoses  they  undergo,  is  to  be  received  in  the 
light  of  a  determinate  scheme.  We  should,  indeed,  regard  it  as  a  mere 
sketch  or  outline,  in  which  the  broad  features  are  conveyed  with  tolerable 
distinctness,  but  of  which  the  details  remain  to  be  filled-in  by  careful  study. 
And  the  greatest  advantage  which  can  be  dei'ived  from  this  method  of 
viewing  the  siibject,  consists  in  the  more  definite  boundary  we  are  enabled 
to  draw  between  what  is  known  and  what  is  unknown,  and  again,  between 
what  rests  on  a  fair  basis  of  probability,  and  what  has  no  better  fovmdation 
than  vague  surmise.  Moreover,  there  is  an  obvious  advantage  in  com- 
bining the  chemical  and  the  p>hysiological  view  of  the  facts  in  question. 
For  the  mere  Chemist  will  not  only  be  liable  to  continual  error,  when  he 
attempts  to  reason  as  to  what  takes  place  in  the  penetralia  of  the  Uviug 
body  from  what  he  observes  in  his  laboratory,  without  takuig  into  account 
the  difference  in  the  conditions  of  the  phenomena  (of  which  kind  of  eiTor 
some  of  the  speculations  of  Prof  Liebig  have  afforded  remarkable  exam- 
ples) ;  but  he  will  also  be  at  a  great  disadvantage  in  the  prosecution  of  his 
inquiries,  for  want  of  the  guiding  clue  which  Physiological  knowledge 
alone  can  afford.  On  the  other  hand,  the  Physiologist  cannot  safely  make 
a  step  in  advance,  when  engaged  in  the  study  of  the  metamorphoses  of  the 
alimentary  materials  into  the  living  solids,  and  of  the  subsequent  reduction 
of  the  latter  to  the  condition  of  excrementitious  matters,  without  relying 
on  those  exact  data  which  Chemical  tests  and  analyses  can  alone  supply; 
it  being  to  these,  in  fact,  that  he  owes  whatever  definite  knowledge  he  pos- 
sesses of  the  composition  of  these  several  bodies,  with  which  it  is  of  the 
most  fundamental  importance  that  he  should  be  acquainted.  Accord- 
ingly, all  the  most  productive  researches  of  recent  times,  in  this  depait- 
ment,  have  been  the  work  of  men,  who  have  either  combined  within  them- 
selves these  two  kinds  of  knowledge,  or  who  have  brought  them  to  bear 
upon  one  another  from  extraneous  sources. 

*  Scc!  a  highly  interesting  case  of  Chronic  Lead  Poisoning,  in  which  this  remedy  wns  most 
effectually  employed,  in  the  "  Dublin  Quarterly  Journal  of  Medical  Science,"  vol.  vii.p.  415. 
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91.  The  following  Summaiy  is  intended  to  convey,  within  a  narrow 
compass,  the  leading  conclnsions,  in  regard  to  the  Chemistry  of  the  living 
Body,  to  which  the  Chemico-physiological  labours  of  recent  times  appear 
to  point. 

I.  The  organic  materials  indispensable  for  the  genesis  of  Tissue,  consist 
of  Albuminous  and  Fatty  compounds. — The  former  present  themselves 
imder  vaiious  aspects,  in  the  Vegetable  as  well  as  in  the  Animal  kingdom, 
all  being  reducible,  however,  to  the  ordinary  state  of  Albumen  by  the 
digestive  process ;  and  in  then'  natural  states  of  combination,  they  include 
most  of  the  inorganic  substances  which  are  required  in  addition.  There  is 
no  reason  whatever  to  believe,  that  Albuminous  compounds  can  be  gene- 
rated within  the  animal  body,  by  the  transformation  of  substances 
belonging  to  an  entirely  different  type. — The  latter  are  directly  afforded 
by  ordinary  animal  food,  and  by  many  kinds  of  vegetable  productions; 
and  it  seems  to  be  when  they  are  thus  supplied,  that  they  are  most  readily 
made  available  in  histogenesis.  They  may  be  produced  within  the  body, 
however,  by  the  metamorphosis  of  either  Albuminous  or  Saccharine 
compounds. 

II.  The  great  mass  of  those  tissues  of  the  body  which  belong  to  the 
cellular  type,  is  generated  at  the  expense  of  Albuminous  matter ;  fat-par- 
ticles, however,  being  intimately  blended  with  this  in  an  early  stage  of 
their  formation.  Of  this  we  have  a  notable  example  in  the  case  of  Mus- 
cular tissue ;  but  the  cell-walls  of  all  other  textures  would  be  found,  if 
they  could  be  entirely  freed  from  their  contents,  to  have  the  same  compo- 
sition. Even  if  they  be  altogether  chemically  identical,  however,  the  mole- 
cular condition  of  the  particles  composing  the  amorphous  coagulum  and 
the  living  cell  must  be  entirely  different;  and  the  latter  exhibits  distinc- 
tive vital  properties,  in  virtue  of  the  organizing  process  to  which  its 
material  has  been  subjected.  Not  merely  the  cell-walls,  but  the  cell-con- 
tents of  these  tissues  (with  the  exception  of  those  concerned  in  the  act  of 
excretion),  seem  to  be  derived  from  the  Albuminous  or  from  the  Fatty  con- 
stituents of  the  blood :  this  seems  clear,  for  example,  in  regard  to  the  globu- 
lin and  hsematin  of  the  red  corpuscles  of  the  blood,  and  the  horny  matter 
of  the  epidennis  and  its  appendages,  which  must  have  their  source  in  the 
former;  and  also  with  respect  to  the  contents  of  the  adipose  and  nervous 
vesicles,  which  must  be  drawn  wholly  or  in  part  from  the  latter.  Whether, 
in  the  construction  of  the  tissues  of  this  class,  the  Albumen  of  the  blood 
may  serve  directly  as  the  2^<^bulum  for  the  production  of  cells,  or  whether 
it  must  needs  pass  first  through  the  condition  of  Fibrin,  cannot  be  dis- 
tinctly affirmed;  there  is  no  positive  evidence  in  support  of  either  pro- 
position; but  the  probabilities  appear  to  the  Author  on  the  whole  to 
favour  the  former  view. 

HI.  The  great  mass  of  the  gclatigenous  tissues  of  the  body,  whose  tex- 
ture is  simply  fibrous,  is  also  derived  from  the  albuminous  element  of 
the  Blood;  but  this  passes  through  the  intermediate  condition  of  Fibrin, 
"which  may  be  regarded  as  a  substance  endowed  with  the  power  of  self- 
development  into  a  low  form  of  organized  structure,  and  therefore  as 
having  already  undergone  a  vitalizing  influence.  There  is  no  sufficient 
reason  to  believe,  that  Gelatin  employed  as  food  can  ever  be  applied  even 
to  this  purpose  in  the  body;  since  all  that  we  know  of  the  genesis  of  the 
«»iniple  fibrous  tissues,  indicates  that  in  assuming  their  characteristic  sti'uc- 
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ture,  they  pass  through  gradations  similar  to  those  which  we  witness  in 
the  production  of  the  adventitious  tissue  of  fibrinous  exudations. 

IV.  When  the  death  and  disintegration  of  the  tissues  again  bring  their 
components  imder  complete  subjection  to  Chemical  forces,  an  entirely- 
different  series  of  metamorphoses  takes  place,  tending  to  degi-ade  these 
components  towards  the  condition  of  inorganic  compoimds.    They  would 
seem  to  resolve  themselves  into  two  classes  of  substances; — on  the  one 
hand,  saccharine,  oleaginous,  and  resinous  matters,  analogous  to  those  of 
plants,  in  which  carbon  predominates ; — on  the  other,  a  set  of  compounds 
l^cculiar  to  animals,  of  which  nitrogen  is  the  chai'acteristic  ingredient. 
From  the  albuminous  constituent  of  muscle,  for  example,  there  is  direct 
evidence  that  fat,  sugar,  and  lactic  acid  may  be  generated  on  the  one 
hand ;  on  the  other,  creatine,  and  (probably  through  this  creatine)  urea 
with  the  rest  of  the  highly-azotized  components  of  the  urinary  excretion. 
The  sugar  generated  by  the  agency  of  the  liver,  from  the  products  of  the 
waste  or  disintegration  of  the  system  that  are  contained  in  the  blood, 
seems  to  be  at  once  employed  in  supporting  the  combustive  process  by 
which  the  animal  heat  is  maiutained.    The  fat  may  be  directly  applied  to 
the  same  purpose,  or  may  be  stored  up  in  the  cells  of  Adipose  tissue  for 
future  use.    The  peculiar  resinous  acids  of  the  bile,  which  are  probably 
formed  from  the  same  source,  ajjpear  to  fulfil,  in  part  at  least,  a  similar 
destination,  after  having  been  made  subservient  to  other  piu-poses.  The 
lactic  acid,  chiefly  generated  in  the  substance  of  the  muscles  (probably 
by  the  metamorphosis  of  a  saccharine  compound,  which  may  be  looked 
on  as  the  immediate  product  of  their  disintegration),  is  in  like  manner 
destined  to  be  carried  off  by  the  respiratory  process,  though  a  part  of  it 
may  first  be  rendered  subsei-vient  to  the  digestive  operation.    But  if  the 
respirator}''  process  should  not  be  sufficiently  active  to  remove  these  higlily- 
carbonized  compounds  from  the  blood,  we  may  find  the  lactic  and  hippuric 
acids  in  the  urine,  with  the  addition  of  carbonaceous  pigmentary  matter. 
On  the  other  hand,  the  highly-azotized  substances  are  destined  for  imme- 
diate elimination  by  the  kidneys;  their  presence  in  the  cuiTcnt  of  the 
circulation  being  so  hurtful,  that  even  a  small  amount  of  accumulation 
might  induce  fatal  results. 

V.  Besides  the  foregoing  substances,  there  are  doubtless  others  which 
have  not  been  so  carefully  studied,  and  which  are  passed  off  by  distinct 
channels.  Thus,  we  have  no  precise  knowledge  of  those  products  of  disin- 
tegration which  are  thrown  off  by  the  skin ;  and  the  proper  faecal  matter, 
wliich  is  undoubtedly  derived  from  some  excretion  pom-ed  into  the  ahmen- 
tary  canal,  rather  than  from  putrescent  changes  in  the  residue  of  the 
substances  which  are  passing  through  it,  has  not  yet  been  made  the 
subject  of  accurate  examination. 

vt.  Where  more  alimentary  matter  is  introduced  into  the  blood  than 
is  required  for  the  genesis  of  living  tissue,  this  probably  undergoes  the 
same  decomposing  changes,  as  do  the  effete  matters  that  are  set  free  by 
the  disintegration  of  the  organized  fabric.  The  saccharine  and  oleaginous 
matters  are  directly  carried  off  by  the  combustive  process,  only  that  por- 
tion being  applied  to  the  production  of  adipose  tissue,  which  may  not  be 
required  for  the  maintenance  of  the  temperature  of  the  body ;  whilst  the 
albuminous  and  gelatinous  appear  to  be  resolved  into  the  two  classes  of 
compounds  already  indicated,  part  of  which  are  eliminated  by  the  liver 
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and  luugS;  the  other  part  chiefly  by  the  kidneys,  but  also  by  the  skin  and 
(its  internal  reflexion)  the  alimentary  canal.  It  may  here  be  mentioned, 
as  an  additional  evidence  of  the  production  of  sugar  from  albuminous 
compounds  within  the  living  body,  that  it  is  found  in  the  milk  of  Carni- 
vorous animals,  which  have  been  for  some  time  restricted  to  a  diet  of 
animal  flesh.* 

Our  data  are  at  present  far  too  imperfect  to  allow  this  series  of  metamorphoses  to  be 
definitely  represented  hy  the  aid  of  formulae  ;  nevertheless  there  are  certain  general  relations 
which  have  a  real  existence,  and  which  may  be  appropriately  indicated  in  this  mode.  The 
following  are  given  by  Prof.  Liebig,  ("  Familiar  Letters  on  Chemistry,"  p.  43.9,)  as  examples 
of  the  transformations  which  7«a^  occur  ;  it  is  to  be  observed,  however,  that  some  of  the 
formuliB  which  he  employs  (op.  cit.  p.  437),  difter  from  those  in  common  use. 

1  eqiiiv.  of  Albumen  with  10  equiv.  of  Water,  contains  the  elements  of  2  equiv.  of  Glutin 
and  1  equiv.  of  Choleic  (tauro-cholic)  acid,  thus — 

C.      H.    N.    0.  S.  C.      H.    N.    0.  S. 

1  Albumen  r=  216    169    27    68    2.        ,164    134    26    64       =  2  Glutin. 
10  Water     =  10  10      (_      52     45     1    14    2  =  1  Choleic  acid. 


216    179    27    78  2' 


216    179    27    78  2 


1  equiv.  of  Fibrin  of  Blood  with  8  equiv.  of  Water,  contains  the  elements  of  1  equiv.  of 
Glutin  and  1  equiv.  of  Albumen. 

C.     H-    N.     0.  S.  C.     H.     N.     0.  S. 

1  Fibrin    =  298    228    40     92  2         ,216    169    27      68    2  =  1  Albumen. 
8  Water    =              8              8      )_      82      67    13      32        =  1  Glutin. 


298    236    40    100  2 


298    236    40    100  2 


1  equiv.  of  Casein  with  10  equiv.  of  Oxygen,  contains  the  elements  of  1  equiv.  of  Albumen 
^  and  1  equiv.  of  Chondiin. 

C.     H.    N.     0.   S.  C.     H.     N.     0.  S. 

1  Casein    =  288    228    36      90    2 ,        ,216    169   27      68    2  =  1  Albumen. 


i  10  Oxygen  = 


10 


288    228    36    100  2 


f 


72      59  9 


32 


1  Chondrin. 


'288    228    36    100  2 


The  three 
li  tissues ;  the 
|i.in  which  (it 
'  1  equiv.  o 
'  elements  of 
12  equiv.  of 

1  Albumen 
10  Water 
56  Oxygen 


preceding  formulae  represent  sucli  metamorphoses  as  may  occur  in  the  genesis  of 
following  represent  some  of  those  which  may  take  place  in  their  dismlegration, 
must  be  remembered)  oxygen  drawn  from  the  air  performs  an  important  part 
f  Albumen  with  10  equiv.  of  Water  and 
1  equiv.  of  Choleic  (tauro-cholic)  acid,  2 
Urea,  and  36  equiv.  of  Carbonic  acid. 


56  equiv.  of  Oxygen,  contains  the 
equiv.  of  Cholic  (glyco-cholic)  acid. 


C.  H. 

=216  169 
=  10 


N. 
27 


0. 

68 
10 

56 


216  179  27  134 


s. 

C. 

H. 

N. 

0. 

S. 

2\ 

(  52 

45 

1 

14 

2  = 

1  Choleic  acid. 

1 

104 

86 

2 

24 

2  Cholic  acid. 

24 

48 

24 

24 

12  Urea. 

36 

72 

36  Carbonic  acid. 

2j 

,216 

179 

27 

134 

2 

I  equiv.  of  Glutin  with  10  equiv.  of  Oxygen,  contains  the  elements  of  1  equiv.  of  Cholic 
(glyco-cholic)  acid,  3  equiv.  of  Uric  acid,  and  12  equiv.  of  Water. 

C.    H.    N.  0.  C.    H.    N.  0. 

52 


1  Glutin  = 
10  Oxygen  = 


82    67  13 


32 
10 


82    67    13  42 


30 


43 
12 
12 


1 
12 


12  = 
18  = 
12  = 


1  Cholic  acid. 
3  Uric  acid. 
12  Water. 


82    67    13  42 


*  This  was  at  one  time  denied  by  Dumas ;  but  the  fact  has  been  fully  established  by  the 
researches  of  Bensch,  who  has  also  explained  the  reason  of  Dumas'  failure  to  detect  the 
presence  of  sugar,    (See  "  Ann.  der  Chcm.  und  Pharm."  band  Ixi.  p.  221). 
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1  equiv.  of  Chondrin  contains  the  elements  of  one  Cholic  (glyco-cliolic)  acid,  2  Uric  acid, 
and  8  Water. 


1  Chondrin  =  72    59    9  32 


C.    H.  N.  0.  C.    H.  N.  0. 

52    43  1  12  =  1  Cholic  acid. 

20      8  8  12  =  2  Uric  acid. 

8  8  =  8  Water. 


72    59    9  32 


Now  although  it  must  be  admitted  that,  by  a  dexterous  management  of  formuljE,  almost 
any  kind  of  transformation  may  be  effected  on  paper,  yet  the  above  coincidences  are  so 
remarkable  in  themselves,  and  are  so  closely  accordant  with  phenomena  of  whose  occurrence 
we  have  independent  evidence,  that  it  seems  hardly  just  to  regard  them  as  merely  fortuitous, 

VII.  The  Inorganic  acids,  bases,  and  saline  componnds,  which  properly- 
rank  as  constituents  of  the  body,  are  for  the  most  part  applied  to  its  con- 
struction in  the  forms  in  which  they  were  introduced  from  the  food;  and 
they  reappear  under  tlie  same  fox'ms  in  the  excretions.  But  new  com- 
pounds are  also  produced  during  the  progress  of  the  metamorphic  changes 
already  referred  to.  Thus,  a  portion  of  the  sulphur  taken-in  as  a  consti- 
tuent of  albuminous  food,  seems  to  be  oxidized  in  the  final  disintegration 
of  the  tissues  by  which  that  albumen  was  appropriated,  and  is  converted 
into  sulphuric  acid;  a  jDart,  however,  still  remaining  unoxidized,  and 
passing  off  in  that  state,  both  by  the  bile  and  the  urine.  So,  again,  if 
phosphorus  (as  such)  be  a  constituent  of  the  proteiu-compoimds,  or  be 
miited  with  fatty  matters,  it  must  undergo  a  similar  oxidation  within  the 
system ;  as  it  scarcely  ever  presents  itself  in  the  excretions  under  any  other 
form  than  that  of  phosphoric  acid.  On  the  other  hand,  by  the  oxidation  of 
various  organic  acids  largely  contained  in  vegetable  food,  their  alkaline 
bases  are  reduced  to  the  state  of  carbonates,  so  as  to  be  ready  to  combine 
with  any  of  the  stronger  acids  that  may  be  present  in  the  system;  and 
ammonia  seems  also  to  be  generated  de  novo.  Thus  a  supply  of  bases  is 
prepared,  ready  to  neutralize  not  merely  the  acids  whose  mode  of  produc- 
tion has  just  been  described,  but  also  the  uric,  hippm-ic,  and  lactic  acids 
which  ai'e  generated  within  the  body,  and  which  do  not  readily  pass  off 
from  it  except  in  combination  with  bases ;  and  according  as  the  proportion 
of  these  bases  is  equivalent  to  that  of  the  acids,  exceeds  it,  or  is  exceeded 
by  it,  will  the  lu'ine  be  neutral,  alkaline,  or  acid. — When  mineral  sub- 
staiices,  whose  presence  is  supei-fluous  or  noxious,  are  introduced  into  the 
body,  an  effort  is  usiially  made  for  their  elimination,  by  some  of  the 
excretory  organs ;  most  commonly  by  the  kidneys. 

92.  Thei-e  is  very  strong  evidence  that,  in  all  these  transformations, 
Chemical  forces  are  alone  concerned;  this  evidence  arising,  on  the  one  * 
hand,  from  the  nature  of  the  changes  themselves;  and,  on  the  other,  from 
the  certainty  that  such  forces  must  be  in  operation,  and  that  their  effects 
will -be  modified  by  the  peculiar  conditions  under  which  they  are  exerted. 
We  have  already  seen  that  many  of  the  changes  taking  place  within  the 
living  body,  can  be  precisely  imitated  out  of  it,  by  the  use  of  means  whose 
actual  operation  is  of  the  same  kind,  though  the  modxis  operandi  may  be 
very  different.  Of  this  a  remarkable  example  is  afforded  by  the  process 
of  oxidation,  which  is  continually  going  on  within  the  system,  and  which 
produces  a  most  important  influence  on  the  condition  of  the  products  of 
its  disintegi-ation.  When  the  Chemist  desires  to  convert  one  organic 
compoimd  into  another  by  oxidation,  he  treats  it  with  some  substimce  (e.g. 
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nitric  acid  or  peroxide  of  lead)  which  readily  yields  oxygen;  whereas  the 
Physiological  method  is  altogether  different,  for  the  substance  -to  be  acted- 
on,  being  diffused  through  the  circidating  fluid,  is  exposed  to  the  direct 
influence  of  the  oxygen  of  the  air,  in  a  state  of  almost  infinitely  minnte 
division,  during  the  passage  of  that  fluid  through  the  multitudinous  capil- 
lary channels  of  the  lungs.  Now  of  the  eflEicacy  of  this  state  of  subdivi- 
sion, in  bringing  about  changes  which  do  not  occur  when  the  substances 
to  whose  attractive  forces  these  are  due  are  simply  exposed  to  each 
other  en  masse,  we  have  a  very  remarkable  example  in  the  fact,  that  iron, 
when  reduced  from  the  oxide  to  the  metallic  state  by  a  current  of  hydro- 
gen gas,  and  thus  left  as  a  very  fine  powder,  becomes  spontaneously  ignited 
by  exposure  to  common  air,  and  oxidizes  as  rapidly  as  a  piece  of  iron- 
wire  would  do  when  burned  in  pure  oxygen  or  immersed  in  nitric  acid. 
This  point  has  scarcely  been  sufficiently  attended  to  by  Chemists,  who 
have  too  readily  satisfied  themselves  with  accounting  for  such  metamor- 
phoses by  laboratory-operations,  without  inquiring  how  fai^  similar  agencies 
could  be  at  work  within  the  body :  and  we  shall  hereafter  find  that  this 
powerful  oxidizing  process  is  probably  employed,  not  merely  in  the  com- 
bustion of  materials  introduced  into  the  body,  or  supplied  from  itself,  for  the 
maintenance  of  its  heat ;  nor  only,  in  addition,  for  the  removal  of  some  of 
the  products  of  its  own  disintegration ;  but  also  for  the  decomposition  and 
elimination  of  certain  organic  poisons,  from  which,  when  they  have  been 
introduced  into  the  body  from  without,  it  is  freed  through  this  channel, 
as  it  is  from  many  of  those  of  a  mineral  nature  through  the  kidneys. — 
Allusion  has  akeady  been  made,  again,  to  the  peculiar  action  of  ferments 
(§  19),  which  tends  to  produce  new  and  simpler  arrangements  of  the 
elements  of  organic  compounds,  such  as  no  ordinary  reagents  could  effect. 
And  it  has  been  also  pointed  out,  that  the  very  same  substance  in  different 
stages  of  decomposition,  may  occasion  the  genesis  of  several  different  sets 
of  new  compounds,  according  to  the  state  in  which  it  may  itself  happen  to 
be  when  employed  for  this  purpose.  Moreover  it  has  been  also  seen,  in 
how  very  marked  a  degree  the  condition  and  the  metamorphoses  of 
organic  compounds  are  affected  by  the  presence  of  very  small  quantities 
of  inorganic  substances;  but  whether  their  influence  be  that  of  ordinary 
chemical  attraction,  or  that  which  has  been  termed  "catalytic"  power, 
cannot  yet  be  positively  stated. — It  is  to  be  remembered,  moreover,  that 
the  circulating  fluid,  which  is  probably  the  seat  of  most  of  these  metamor- 
phoses, is  itself  in  a  state  of  constant  change ;  that  new  components  are 
continually  being  introduced,  on  the  one  hand  from  the  alimentary  mate- 
rials, and  on  the  other  from  the  disintegration  of  the  tissues;  and  that 
such  a  condition  must  be  eminently  favourable  to  the  chemical  metamor- 
phosis of  its  organic  constituents. — It  may  be  remarked,  moreover,  that  the 
mode  in  which  cajyillarity  is  brought  into  action  in  the  processes  of  nutri- 
tion, is  likely  to  have  an  imj)ortant  influence  in  determining  further 
chemical  changes,  in  virtue  of  the  galvanic  action  which  may  thus  be  set 
up ;  it  having  been  shown  by  Becquerel,  that  if  the  bend  of  a  syphon  be 
filled  with  fine  sand,  and  an  acid  be  poured  into  one  leg  and  an  alkaline 
solution  into  the  other,  the  chemical  action  which  ensues  at  their  point  of 
meeting  will  give  rise  to  a  galvanic  cun-ent  between  the  contents  of  the 
two  legs,  when  these  are  connected  by  a  wire  passing  from  one  to  tho 
other  through  the  open  ends  of  the  syphon.    As  the  blood  and  the  tissues 
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are  contiimally  acting  cliemically  on  one  another  through  tlie  permeable 
walls  of  the-  vessels,  it  is  scarcely  possible  but  that  electric  currents  should 
be  thus  generated ;  and  it  seems  very  probable  that  these  may  perform 
an  important  part  in  the  metamori^hoses  in  question. 

93.  On  the  whole  it  may  be  confidently  afiirmed,  that  of  the  changes 
which  have  been  described  in  the  present  chapter,  there  ai-e  none — save 
the  production  of  Fibrin,  whose  peculiarly  vital  properties  have  been 
already  dwelt  on  (§  29), — which  there  is  any  adequate  reason  to  atti-ibute 
to  other  than  Chemical  agencies ;  for  if  all  cannot  yet  be  precisely  imitated 
by  laboratory-processes,  this  imitation  has  been  successfully  practised  in 
the  case  of  a  lai'ge  number  of  them ;  and  the  natm-e  of  the  remainder  is 
such,  as  leaves  it  by  no  means  improbable  that  they  too  will  be  reduced 
to  the  same  category.  In  treating  of  this  subject,  it  would  be  very  easy 
to  obtain  a  temporary  solution  of  all  difficulties  of  this  kind,  by  regarding 
every  case  not  otherwise  explicable  as  a  manifestation  of  "  vital  force;" 
but  such  a  method  is  altogether  inconsistent  with  sound  philosophy ;  and 
we  have  no  right  to  call  in  the  assistance  of  vital  force  on  any  other  occa- 
sion, than  when  we  witness  phenomena  which  are  not  only  inexplicable 
by,  but  altogether  inconsistent  with,  the  known  operations  of  Physical 
and  Chemical  forces.  Phenomena  of  this  kind  will  hereafter  come  under 
our  consideration;  but  none  such  (with  the  single  exception  just  referred 
to)  have  yet  fallen  under  our  notice;  the  metamorphoses  we  have  been 
considering  being  mere  changes  in  composition,  analogous  to  those  which 
have  been  effected  in  the  laboratoi-y;  and  the  elements  alike  of  the  origi- 
nal substances,  and  of  the  products  of  their  changes,  being  held  together 
by  affinities  in  which  Life  has  obviously  no  concern. — It  is  not  here 
denied,  however,  that  Vital  Force  has  an  influence  upon  the  Chemical 
phenomena  of  the  body;  on  the  contrary,  much  evidence  will  be  hereafter 
given,  that  such  an  influence  is  exerted,  especially  through  the  nervous 
system.  Biit  this  agency  may  be  considered  to  operate,  after  the  manner 
of  Electricity  or  Heat,  in  modifying  the  play  of  ordinary  Chemical  attrac- 
tions, rather  than  in  substituting  for  them  a  new  set  of  "  vital  affinities." 

94.  The  highest  estimate,  however,  that  we  seem  justified  in  making,  of 
the  play  of  Chemical  Affinities  in  the  living  body,  is  apphcable  only  to 
those  transformations,  which,  on  the  one  hand,  prepare  the  pabulum  for 
that  Organizing  process,  whereon  is  dependent  the  development  of  vital 
properties  in  substances  that  were  previously  inei-t;  and  which,  on  the 
other,  minister  to  the  application  of  the  effete  matters,  resulting  from  the 
disintegration  of  tissues  whose  term  of  life  is  over,  to  purposes  that  are 
advantageous  to  the  system  in  general,  or  are  subsei-vient  to  their  removal 
in  the  most  effective  manner  from  the  economy,  to  whose  operations  their 
continued  presence  would  be  prejudicial.    Thus  the  reduction  of  all  the 
protein-compounds  to  the  condition  of  Albumen,  in  the  digestive  process, 
and  the  introduction  of  this  substance  into  the  blood  in  its  soluble  form, 
can  be  acco^mted  nothing  else  than  a  purely  chemical  operation.  The  same 
may  bo  said  of  the  conversion  of  starch  into  sugai-,  and  of  sugar  into  fatty 
matter.    It  may  be  surmised,  moreover,  that  the  production  of  globulin 
and  of  hajmatin  from  albuminous  material,  may  be  due  to  chemical 
actions  determined  by  the  vital  agency  of  the  floating  cells  of  the  blood, 
in  the  manner  indicated  in  the  preceding  paragraph.    And  the  same  may 
be  true  of  the  change  of  composition  (if  any  difference  really  exists),  which 
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is  a  part  of  the  metamorphosis  of  albumen  into  fibrin ;  and  of  that  still 
more  decided  change  which  subsequently  takes  place,  when  the  fibrous 
tissues  are  converted,  in  the  act  of  formation,  into  the  substance  which 
yields  gelatin.  For,  as  already  pointed  out,  although  the  Chemist  has  not 
yet  succeeded  in  imitating  this  metamorphosis,  yet  there  are  circumstances 
which  indicate  that  such  a  fundamental  relation  exists  between  the  pro- 
tein-compounds and  gelatin,  as  leaves  no  right  to  assume  that  any  other 
than  chemical  forces  ai'e  concerned  in  it. 

95.  But  with  the  changes  directly  concerned  in  the  development  of  living 
tissue,  Chemistiy  woidd  seem  to  have  nothing  whatever  to  do.  The  sub- 
stance of  Muscle,  for  example,  is  chemically/  the  same  with  the  Albumen 
of  the  blood;  and  the  whole  difference  between  the  organized  structure 
possessed  by  the  former  and  the  amorphous  coagulum  formed  by  the 
latter,  between  the  marv^ellous  activity  of  the  one  and  the  passive  inert- 
ness of  the  other,  must  be  attributed  to  Vital  force  alone.  Now  it  is  one 
of  the  chief  peculiarities  of  this  Vital  force,  that  it  is  able,  so  long  as  it  is 
capable  of  being  fully  exerted,  to  resist  and  keep  at  bay  the  influence  of 
those  Chemical  and  Physical  forces,  which  would  tend,  were  it  not  for  this 
property  of  the  living  substance,  to  effect  its  speedy  disintegration  and 
decay.  Of  this  we  have  a  most  characteristic  and  apposite  example,  in 
the  case  of  a  seed  that  has  been  brought  to  the  surface  of  the  soil,  after 
having  been  bm-ied  for  a  long  lapse  of  years  or  centuries  in  the  earth. 
Whilst  it  remained  in  complete  seclusion  from  moisture  and  oxygen,  and 
was  kept  at  a  low  temperature,  no  appreciable  alteration  took  place  in  it ; 
but  so  soon  as  it  is  exposed  to  warmth,  and  to  the  contact  of  air  and  water, 
it  must  begin  to  change, — its  passive  existence  giving  place  to  a  state  either 
of  growth  or  of  decay,  according  as  it  has  retained,  or  has  lost,  its  vital 
properties.  For  the  very  agents  which  are  most  effectual  in  stimulating  it  to 
vital  activity,  and  which  afford  the  conditions,  dynamical  and  material, 
whereby  the  seed  developes  itself  into  the  plant,  are  those  which,  if  the 
seed  be  no  longer  capable  of  germination,  most  favour  its  decay,  reducing 
its  organic  components  back  to  the  condition  of  inorganic  compounds. 

96,  Immediately,  however,  that  we  pass  the  confines  of  Life,  we  re- 
enter the  domain  of  Chemistry ;  for  so  soon  as  the  vital  activity  of  the 
living  tissues  has  ceased,  their  materials  again  become  entirely  subject  to 
Chemical  forces ;  and  all  the  metamorphoses  which  we  have  been  occupied 
in  tracing  out, — tending,  as  they  do,  to  reduce  the  organic  compounds 
with  which  they  commence,  lower  and  lower  in  the  scale,  until  these  are 
restored  to  the  forms  of  simple  binary  composition  from  which  their  ele- 
ments were  at  first  derived, — can  scarcely  be  regarded  in  any  other  light 
than  as  the  result  of  ordinary  Chemical  agencies.  Thus,  then,  according 
to  the  view  here  advocated,  the  Life  of  each  part  is  dependent  upon  Che- 
mical operations,  in  so  far  as  it  is  by  these  that  its  nutrient  materials  are 
prepared,  and  the  products  of  its  decomposition  are  cai'ried  away;  but  the 
application  which  it  makes  of  such  materials  to  the  production  of  new 
organized  tissue,  and  the  various  actions  which  that  tissue  then  exerts  in 
virtue  of  its  organization,  are  not  only  incapable  of  being  explained  on 
Chemical  principles,  but  often  take  place  in  direct  antagonism  to  Chemical 
forces.* 

,  *  seemed  advisable  to  attempt  tluis  to  mark  out  the  operation  of  Chemical  Forces  in 

the  living  body,  since  the  prevalent  notions  on  this  subject  appear  to  the  Author  either  erro- 
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OF  THE  STRUCTURAL  ELEMENTS  OF  THE   HUMAN   BODY,  AND 
THE  VITAL   ACTIONS  WHICH  THEY  EXHIBIT. 

97.  It  may  be  stated  as  one  of  the  most  general  facts  in  Physiology, 
that  Vital  force  can  only  manifest  itself  through  that  peculiar  arrange- 
ment of  matter,  which  is  distinguished  as  organized  stmcture;*  since  this 
alone  affords  that  assemblage  of  material  conditions,  which  is  required 
to  concur  with  the  dynamical  agency  that  is  the  active  principle  of  the 
whole,  for  the  production  of  the  phenomena  of  Life.    (See  Introduction, 
p.  3.)    But  of  such  organized  stmcture,  tliere  are  a  gi-eat  many  varieties, 
even  within  the  single  organism  of  Man.    Thus  it  has  been  customaiy  to 
reckon  as  the  distinct  structm-al  comjionents,  or  Elementary  Tissues  of 
which  his  fabric  is  composed,  Bones,  Teeth,  and  Cartilages,  which  form 
its  solid  framework,  with  the  Ligaments  which  unite  these  to  each  other, 
and  the  Tendons  which  communicate  motion  to  them  from  the  muscles ; — 
the  Skin  (with  its  appendages)  which  envelopes  the  exterior  of  the  body, 
the  Mucous  Membranes  which  are  prolonged  from  this  into  all  the  caAoties 
tliat  are  connected  with  its  surface,  and  the  Serous  Membranes  which  line 
the  shut  sacs ; — the  Blood-vessels  and  Absorbents,  which  sei^ve  for  the  dis- 
tribution of  the  nutritious  fluids,  and  the  Glands  which  eliminate  various 
substances  from  these ; — the  Muscles  which  communicate  motion  to  the 
osseous  framework,  or  to  the  contents  of  the  canals  and  tubules  that  con- 
vey alimentary  and  other  substances  through  the  system,  and  the  Nei^es 
which  excite  the  Muscles  to  contraction  and  also  serve  as  the  instmments  for 
the  recei:)tion  of  sensations  and  for  the  operations  of  the  mind, — and  finally, 
the  Areolar  tissue  which  serves  to  connect  together  the  preceding,  and  the 
Adipose  which  is  commonly  diffused,  more  or  less  universally,  through 
tliis,  but  sometimes  forms  masses  of  its  own  ; — each  of  these  having  a 
structiu-e  and  a  mode  of  vital  action  in  some  degree  peculiar-  to  itself  ; 
and  being  hence  considered  as  possessing  distinctive  vital  endowments. 
In  attempting,  therefore,  to  analyze  the  varied  and  complex  phenomena 
which  make  up  the  physiological  history  of  Man,  there  is  an  obvious  ad- 
vantage in  first  making  ourselves  acquainted  with  these  elementary  com- 
ponents of  his  corporeal  structure,  and  with  the  several  forms  of  \atal 
activity  to  which  they  minister.    But,  although,  by  so  doing,  we  might 
seem  to  have  commenced  with  the  very  foundations  of  Physiologictd 

neons  or  vague.  The  accumulating  evidence  of  the  purely  chemical  nature  of  manj-  of  those 
changes  of  composition,  which  were  formerly  set  down  as  the  results  of  "  ^^tal  affinitj',"  has  led 
many  Chemists  to  the  idea,  that  the  whole  series  of  Vital  operations  is  to  be  explained  upou 
Chemical  principles  ;  and  the  notion  of  Vital  force  has  been  set  aside  as  a  physiological  fiction, 
for  which  there  is  no  longer  any  pretence.  Feeling  satisfied,  however,  that  Vital  force  has  as 
certain  an  existence,  and  as  definite  a  sphere  of  operation,  as  Chemical  Affinity,  the  Author 
will  make  it  his  endeavour,  in  this  Treatise,  so  to  analyse  the  phenomena  of  the  living  body, 
as  to  trace  the  respective  limits  of  the  operation  of  each  of  these  powers. 

*  For  the  distinctive  characters  of  Organized  Structures  in  general,  see  the  Authors 
"  Principles  of  Physiology,  General  and  Comparative,"  chap.  ji. 
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Science,  yet  such  is  not  really  the  case;  for  before  considering  what  are 
the  peculiar  distinctions  in  structural  arrangement  and  in  vital  j)roi3ei-ties, 
which  these  tissues  severally  exhibit,  we  should  inquire  what  they  all  have 
in  common,  and  should  seek  to  determine  whether  there  be  any  funda- 
mental relation  between  their  respective  types  of  organization  and  modes 
of  vital  activity,  which  is  capable  of  being  embodied  in  a  general  expres- 
sion. And  this  inquiry  has  a  value  at  the  present  time,  to  which  it 
could  never  before  lay  claim ;  since,  on  the  one  hand,  the  microscopic 
examination  of  the  Elementary  Tissues,  not  only  in  their  complete  state, 
but  also  in  their  vai'ious  phases  of  development,  has  shown  that  they  have 
far  more  of  similarity  in  intimate  structure,  as  well  as  a  closer  commu- 
nity of  origin,  than  could  have  been  even  suspected  without  such  scrutiny ; 
whilst,  on  the  other,  the  clearer  apprehension  to  which  we  have  been  led 
by  the  progi^ess  of  Physical  Philosophy,*  in  regard  to  the  relations  of 
different  modes  of  Dynamical  agency,  seems  to  render  it  possible  to  attain 
to  a  fai-  more  definite  and  comprehensive  view  than  was  previously  within 
our  reach,  in  regard  to  the  nature  of  Vital  Force,  and  the  conditions  of  its 
operation.  Of  the  existence  of  this  force,  we  have  just  as  much  evidence 
in  the  phenomena  exhibited  by  living  beings,  as  we  have  of  the  force  of 
Gravitation  in  determining  the  movements  of  the  heavenly  bodies,  or  of 
that  of  Chemical  Affinity  in  producing  changes  of  combination  among 
the  elements  of  our  own  planet.  But  the  peculiar  complexity  of  the 
cu'cumstances  under  which  it  operates,  and  the  co-operation  of  Chemical 
and  Physical  agencies  in  many  of  the  phenomena  which  essentially  depend 
upon  it,  frequently  obstruct  the  recognition  of  its  acts,  and  constitute  an 
additional  reason  for  studying  these  under  their  simplest  forms. 

1.  Of  the  Elementary  Forms  of  Organic  Structure,  and  their  Modes  of 

Vital  Activity. 

98.  All  the  Elementary  Tissues  seem  reducible  by  Microscopic  analysis, 
to  three  primitive  forms ; — namely.  Cells,  Fibres,  and  Membranes.  Of  these 
it  is  obvious  that  Cells  are  the  most  essential ;  since  in  the  entire  Vege- 
table kingdom,  as  well  as  in  the  lowest  tribes  of  Animals,  the  whole  fabric 
is  composed  of  cells  and  their  derivatives ;  and  there  is  a  period  in  the 
histoiy  of  even  the  Human  organism,  when  neither  of  the  other  elements 
exists.  We  shall  find,  moreover,  that  it  is  by  cells  and  their  derivatives, 
that  all  the  proper  vital  actions  of  the  body  are  performed.  To  these 
elements,  however.  Fibres  t  are  added  in  the  bodies  of  the  higher  Animals ; 
for  the  sole  purpose,  apparently,  of  confen-iug  upon  their  parts  that  free- 
dom of  movement,  which  is  essential  to  the  conditions  of  Animal  existence. 
There  is  cveiy  reason  to  believe  that  their  function  is  purely  physical  ; 
being  nothing  else  than  the  resistance  to  tension  (with  or  without  a  cer- 
tain dcgi-ec  of  elasticity),  of  which  advantage  is  taken  in  two  principal 
modes  j  such  fibres  being  used  to  bind  together  separate  parts  that  are 
to  have  a  certain  range  of  motion  one  upon  the  other,  and  tdso  to 

*  Sco  especially  Prof.  Grove's  Treatise  on  "The  Correlation  of  the  Physical  Forces." 

t  This  term  is  here  used  in  the  strict  sense,  as  applicable  to  the  solid  and  simple  fibres  of 
which  Ligaments,  Tendons,  &c.  are  made  up,  and  not  to  the  (so-called)  Muscular  and 
Nervous  libros,  which,  as  will  lierealter  appear,  are  really  luOcs  consisting  of  elongated  or 
coalesced  cells. 
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communicate  and  apply  mechanical  power  generated  at  some  other  and 
(it  may  be)  distant  point.  The  simple  homogeneous  Membrane,  also,  which 
is  known  as  "  primary  "  or  "  basement-membrane,"  miist  be  considered  as 
one  of  the  less  essential  among  the  fundamental  constituents  of  the 
Human  organism;  though  its  office  is  still  of  great  importance.  As 
regards  the  vital  functions,  simple  membrane  may  be  considered  as 
entirely  passive;  but  it  serves  the  very  important  physical  purpose  of 
limiting  and  bounding  the  tissues  of  various  organs,  and  of  separating  the 
various  collections  of  fluid  within  the  body,  in  such  a  manner  as  to  pre- 
vent their  too-ready  admixture,  whilst  admitting  a  certain  amount  of 
transudation  from  one  to  the  other. — We  shall  now  consider  each  of 
these  Elements  in  more  detail. 

99.  Of  Cells,  and  Cell-Life. — The  Cells  which  are  thus  to  be  regai'ded 
as  the  fundamental  components  of  the  Animal  body,  differ  in  no  impor- 
tant pai-ticular  of  structure  or  composition,  from  those  of  which  the 
Vegetable  fabric  is  made  up ;  and  their  endowments  also  may  be  shown  to 
be  essentially  similar,  although  by  no  means  identical.* — The  fully-formed 
cell  (Fig.  4)  is  a  membranoiis  bag  or  vesicle,  enclosing  a  cavity,  which  is 
occupied  by  some  kind  of  liquid  or  solid  substance.  Its  typical  /o?-m  may 

be  considered  as  globular  or  s2yheroidal  ; 
Fig.  4.  this  is  comparatively  seldom  exhi- 

bited, except  in  newly-generated  cells;  for 
it  is  usually  more  or  less  altered  subse- 
quently, by  forces  operating  either  with- 
in the  cell  or  externally  to  it.  Thus  the 
cells  of  adipose  tissue,  which  are  usually 
spheroidal  when  lying  separately  in  the 
midst  of  areolar  tissue  (Fig.  39),  become 
polyhedral  by  mutual  pressui'e  when 
compacted  into  a  mass  (Fig.  146,  e,  e). 

Cells  from  ^horda  dorsalis  of  Lamprey :—   Many  kinds  of  CClls  liaVC  the  form  of 

'  "  flattened  discs;  these  being  sometimes 

regularly  circular  or  elliptical,  as  the  red  corpuscles  of  the  blood  (Figs.  10 
and  11),  sometimes  polygonal,  as  the  pigment-cells  of  the  choroid  coat 
(Fig.  32)  and  some  vai'ieties  of  the  pavement-epithelium  (Fig.  12);  but 
frequently  of  irregular  outline,  as  is  more  commonly  the  case  with  the 
pavement-epithelium  (Fig.  19)  and  with  the  cells  composing  the  pai'en- 
chyma  of  the  liver  (Fig.  134,  b).  This  flattening  proceeds  so  far  in  the 
cells  of  the  epidermis,  as  to  render  them  mere  scales  (Fig.  29,  a).  On  the 
other  hand,  the  originally-spheroidal  cells  may  become  elongated,  instead 
of  depressed;  and  may  then  assume  either  a  very  regailai"  p7'ismatic  form 
with  flattened  polygonal  extremities,  as  in  some  varieties  of  cylinder- 
epithelium,  but  especially  in  the  enamel  of  teeth  (Fig.  58);  or  these 
elongated  cells  may  be  more  or  less  cylindrical  with  pointed  extremities, 
thus  becoming  fusiform  or  sj^indle-shaped,  as  is  well  shown  in  the  cells 
forming  the  shaft  of  the  hair,  but  still  better  in  those  of  which  the 
'  smooth'  or  'non-striated  '  muscular  fibre  is  composed  (Fig.  79).  One  of 
the  most  curious  examples  of  change  of  form,  however,  is  presented  by 
those  cells,  which,  while  not  departing  from  the  spheroidal  type,  send  out 

*  See  "  Princ.  of  Gen.  and  Comp.  Phys.,"  chap.  iv. 
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caudate  processes;  and  these,  when  they  issue  from  the  whole  ch'cum- 
ference  of  the  cell,  give  to  it  a  stellate  character.  Both  caudate  and 
stellate  cells  are  found  in  the  vesicular  substance  of  the  nervous  tissue 
(Fig.  86),  and  in  the  pigment-cells  of  the  lower  animals  (Fig.  66,  c)  ;  and 
it  is  probable  that  the  '  lacunte  '  and  '  canaliculi '  of  bone  (Fig.  48)  are 
stellate  cells,  and  that  it  is  also  by  the  inosculation  of  the  peripheral 
extensions  of  such  cells,  that  the  ultimate  ramifications  of  capillary  blood- 
vessels, absorbents,  and  nerves,  are  at  first  generated  (Fig.  68). — The  size  of 
cells  is  not  less  variable  than  their  forms.  Thus  even  in  the  Human  body, 
we  find  them  ranging  from  1-3 00th  of  an  inch,  which  is  the  diameter  of 
many  fat-cells  and  nerve-vesicles,  to  about  1-32  00th  of  an  inch,  which  is 
the  avei-age  diameter  of  the  red  blood-discs,  and  thence  to  as  little  as 
1-1 0,000th  or  even  1-1 5,000th  of  an  inch,  which  is  the  ordinary  diameter 
of  the  fibrillie  of  the  '  striated  '  muscle,  each  of  which,  as  will  be  shown 
hereafter,  is  a  linear  series  of  very  minute  cells  (Fig.  74). — Either  lying 
freely  within  the  cavity  of  the  cell,  or,  as  more  commonly  happens, 
attached  to  some  part  of  its  walls,  we  usually  find  a  body  of  a  somewhat 
gi'auulai'  appearance,  which  is  called  a  nucleus  (Fig.  4,  a).  And  thus, 
in  examining  into  the  structure  and  endowments  of  cells,  we  have  to 
consider  (1)  the  ceU-wall,  (2)  the  cell-contents,  and  (3)  the  nucleus. 

1 00.  The  Cell-wall,  in  its  primitive  state,  is  an  apparently-structureless 
or  homogeneous  membrane  of  extreme  tenuity;  resemblmg,  in  fact,  the 
basement-membrane  to  be  hereafter  described.  In  composition  it  agrees 
imifonnly  (so  far  as  is  yet  known)  with  the  protein-compounds;  and  it  is 
only  when  adventitious  deposits  have  been  made  upon  its  interior,  from 
the  peculiar  contents  of  the  cell, — as  in  the  case  of  the  deposit  of  horny 
matter  within  the  cells  of  the  epidermic  tissues, — that  its  character  seems 
altered.  This  uniformity  in  the  composition  of  the  cell-wall  is  indicated, 
independently  of  other  considerations,  by  the  uniform  action  of  acetic 
acid  upon  it;  for  except  in  the  cases  in  which  the  original  cell -walls  are 
thickened  by  secondary  deposit,  this  reagent  renders  them  so  transparent, 
that  they  become  for  the  time  almost  invisible,  though  brought  into  view 
again  on  the  addition  of  potash.  It  is  one  of  the  most  remarkable 
pecuharities  of  this  membrane,  that  whilst  it  keeps  together  the  liquid 
contents  of  the  cell,  and  can  afford  resistance  to  any  ordinary  mechanical 
force  tending  to  then*  expulsion,  it  may  still  permit  the  most  ready 
transudation  of  fluids,  although  not  the  slightest  trace  of  pores  for  their 
passage  through  it  can  be  seen  with  the  highest  magnifying  powers.  And 
thus,  in  the  ordinary  cun-eut  of  nutrition,  fluids  may  pass  from  cell  to 
cell,  apparently  by  endosmotic  action,  with  considerable  rapidity,  not- 
withstanding the  presence  of  the  intervening  septa.  There  is  no  evidence 
that  this  membrane  possesses  any  distinctly  vital  j)roperty;  and  its  func- 
tion appears  essentially  to  consist  in  the  limitation  of  the  cell-contents, 
which  are  drawn  together  by  other  agency.  For  when  we  examine  into 
the  history  of  cytogenesis,  or  cell-formation,  wc  shall  find  that  when  cells 
originate  de  novo,  the  cell-membrane  is  generated  at  a  comparatively  late 
stage,  not  making  its  appearance  until  the  other  components  are  already 
in  existence  (§106). 

101.  The  Cell-contents  are  as  varied  in  their  composition,  as  tlie  cell- 
walls  are  uniform.  In  the  first  place,  they  may  be  either  solid  or  liquid. 
Of  the  solid,  wc  have  examples  in  the  prismatic  cells  of,  the  enamel  of 
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teetli  (Fig.  58),  which  are  completely  filled  with  mineral  matter  in  a  state 
of  crystalline  aggregation,  just  as  are  the  prismatic  cells  which  form  the 
external  layer  of  many  bivalve  shells.*  So,  again,  the  contents  of  the 
cells  which  constitute  the  horny  layer  of  the  epidermis  and  the  substance 
of  the  nails  (Fig.  33),  become  solid  by  the  desiccation  of  the  fluid  in  which 
the  horny  matter  seems  to  have  been  originally  dissolved.  It  is  obvious, 
however,  that  no  vital  action  can  go  on,  in  cells  whose  contents  are  of 
such  a  character;  and  we  accordingly  find  that  the  tissues  thus  conso- 
lidated are  completely  thrown  out  of  the  current  of  change,  and  that 
their  functions  are  purely  physical, — that  of  the  Epidermis  and  its  horny 
appendages,  as  well  as  of  Shell,  being  simply  protective,  and  that  of  the 
Enamel  of  teeth  being  to  resist  pressure.  The  liquid  cell-contents  are  ex- 
tremely various;  and  it  is,  in  fact,  in  their  diversity,  that  the  peculiarity  of 
many  tissues  consists.  Thus,  as  we  shall  hereafter  see,  all  the  glands  are 
formed  upon  a  plan  essentially  the  same ;  and  their  different  endowments 
are  entirely  due  to  the  diverse  properties  of  the  cells  of  which  they  are 
essentially  composed,  one  set  filling  themselves  with  the  components  of 
bile  (Fig.  25),  another  with  those  of  milk,  another  with  sebaceous  matter, 
whilst  within  another  set  ai*e  generated  the  moving  particles  characteristic 
of  tlie  seminal  secretion  (Plate  I,  Fig.  3).  Again,  we  shall  find  one  set  of 
cells  drawing  fiitty  matter  into  their  interior  from  the  contents  of  the  ali- 
mentary canal  (Fig.  100),  whilst  another  set,  eliminating  a  similar  sub- 
stance from  the  blood,  stores  it  up  as  a  part  of  the  bodily  fabric  (Fig.  39). 
And  the  colour  which  is  characteristic  of  particular  parts,  as,  for  instance, 
the  lining  of  the  choroid  coat  of  the  eye,  the  mammary  areola,  the  hair, 
and  the  entire  epidermis  of  the  dark  races  of  mankind,  the  red  coi-puscles 
of  the  blood,  and  the  vesicles  of  nervous  matter,  is  due  to  the  presence  of 
pigmentary  matter,  either  of  a  deep  black,  or  of  some  lighter  hue,  which 
forms  either  a  part  or  the  whole  of  the  contents  of  particular  cells.  ■ 
These  several  sets  of  cells  cannot  be  formed,  therefore,  unless  that  pahu'- 
lum  be  supplied  to  them,  which  they  require,  not  merely  for  the  genera- 
tion of  their  cell-wall,  but  also  for  the  filling  of  their  cavity  with  its 
characteristic  contents;  and  we  shall  find  that  in  some  instances  this 
,  pabulum  appears  itself  to  contain  these  peculiar  substances  already 
formed,  whilst  in  others  the  cell  seems  to  exercise  a  certain  converting 
power,  by  which  it  produces  them  from  some  other  compounds.  Not 
unfrequently,  the  contents  of  the  cells  include  a  number  of  minute  mole- 
cules; and  these  exhibit  an  active  movement  within  the  cell,  especially 
when  water  is  added,  so  as  to  dilute  the  fluid  in  which  they  ai'e  sus- 
pended. This  movement,  which  is  well  seen  in  the  interior  of  the  colour- 
less corpuscles  of  the  blood,  of  the  nerve-vesicles,  of  pus  and  mucus- 
coi-puscles,  of  pigment-cells,  and  occasionally  in  cells  of  other  kinds,  is 
not  to  be  regarded  as  having  any  dependence  on  vital  forces;  for  it  is 
nothing  else  than  the  "molecular  movement,"  which  (as  long  since  shown 
by  Mr.  Robei't  Brown)  is  exhibited  by  almost  any  very  finely-divided 
particles  that  are  freely  suspended  in  liquids,  t 

•  See  "  Prin.  of  Gen.  and  Comp.  Phys.,"  §  197. 

f  One  of  the  most  convenient  methods  of  exhibiting  this  movement,  is  to  rub-up  a  little 
Gamboge  in  vi^ater ;  for  the  resinous  particles  of  this  substance,  being  suspended  by  the 
gummy,  will  continue  in  motion  for  any  length  of  time,  even  when  completely  secluded  from 
the  air,  so  that  evaporation  of  the  liquid  can  have  nothing  to  do  with  it. 
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102.  The  nuclei  of  cells  present  numerous  varieties  of  structiu-e  and 
aspect.  In  their  simplest  condition,  they  seem  to  be  nothing  else  than 
assemblages  of  minute  particles,  sometimes  of  molecular  minuteness,  in 
Other  instances  large  well-defined  granules ;  and  among  these  may  usually 
be  distinguished  some  that  are  of  an  oleaginous  character.  In  other 
cases,  again,  these  assemblages  of  granules  appear  to  have  a  distinct 
investment  of  their  owti,  which  separates  them  from  the  general  cavity 
of  the  cell ;  this  is  most  distinctly  seen  in  pigment-cells  and  epidermic 
cells.  At  or  near  the  centre  of  the  nucleus,  one  or  more  corpuscles  are 
frequently  seen,  very  distinct  from  its  general  mass,  which  are  termed 
nucleoli  (Fig.  19,  c) ;  and  these  appear  in  many  instances  to  have  the  cha- 
racter of  minute  vesicles.  It  is  probable,  however,  that  the  term  '  nucle- 
olus '  has  been  attached  to  bodies  which  are  really  veiy  different  from  each 
other,  both  structiu-ally  and  functionally;  and  there  is  yet  much  to  be 
learned  on  the  subject.  The  nucleus,  as  already  stated,  is  usually  found 
attached  to  the  inner  wall  of  the  cell,  and  sometimes  even  appears  to  be 
imbedded  in  its  substance ;  but  it  is  occasionally  observed  to  lie  freely  in 
the  cavity.  The  /orm  of  the  nucleus  is  for  the  most  part  nearly  circular, 
and  it  may  be  usually  observed  to  continue  so,  even  when  the  form  of 
the  cell  has  undergone  its  most  remarkable  alterations,  e.  g.  becoming 
fusiform  or  stellate;*  but  a  very  peculiar  exception  is  presented  by 
the  nuclei  of  the  "  smooth "  muscular-fibre-cells,  which  are  staflf-shaped 
(Fig,  79,  c) ;  this  character  serving  to  distinguish  these  cells  from  others 
which  closely  resemble  them  in  form,  but  which  do  not  possess  their 
peculiar  vital  endowments.  The  size  of  the  nuclei  is  more  constant  than 
that  of  the  cells  in  which  they  are  found;  their  usual  diameter  being 
from  l-4000th  to  l-6000th  of  an  inch.  Hence  the  proportion  of  the 
cell  which  the  nucleus  occupies  is  extremely  variable ;  for  the  whole  cell- 
.  cavity  is  sometimes  nearly  filled  by  it,  especially  in  young  cells,  so  that  it 
is  difficult  to  make  out  the  presence  of  a  distinct  cell-wall,  unless  by 
adding  water  or  acetic  acid  which  raises  up  the  latter ;  whilst  in  other 
instances,  especially  when  the  cell  is  fully  formed,  the  nucleus  is  compa- 
ratively small,  being  only  from  one-fourth  to  one-tenth  of  the  diameter  of 
the  cell.  The  former  condition  is  well  seen  in  the  chyle-  and  lymph- 
corpuscles  ;  the  latter  in  the  pavement  epithelium-cells  (Fig.  1 9).  That 
the  composition  of  the  nucleus  is  in  some  respects  different  from  that  of 
the  cell-wall,  is  shown  by  the  fact  that  the  contact  of  acetic  acid  neither 
dissolves  it  nor  renders  it  transparent,  but  on  the  contrary  brings  it  into 
greater  distinctness  (partly  by  rendering  the  cell-wall  transparent) ;  it  is 
not  yet  known,  however,  what  is  the  precise  nature  of  its  component 
substance.  It  seems  to  be  the  general  fact,  that  every  Animal  cell  pos- 
sesses a  nucleus  at  some  period  or  other  of  its  life ;  and  this  nucleus 
seems  to  be  usually  persistent  (as  it  is  capable  of  being  brought  into  view 
by  reagents,  when  it  is  not  otherwise  apparent,)  so  long  as  the  cell  itself 
is  undergoing  developmental  changes.  But  in  the  state  of  complete 
development,  the  nucleus  sometimes  disappears;  thus  it  is  normally 
absent  in  the  red  corpuscles  of  the  blood  of  Mammals,  and  not  unfre- 
qucntly  in  fat-cells;  and  it  is  frequently  seen  to  present  a  shrunken  and 

A  stellate  nucleus  is  normally  found  in  the  cartilage-corpuscles  of  Cephalopoda,  and 
abnonually  in  some  cartilaginous  tumours  in  Man.    See  Mr.  Paget's  '  Lectures  on  Tumours,' 
Medical  Gazette,"  Aug.  8,  1851 . 


102 


OP  THE  STRUCTURAL  ELEMENTS  OF  THE  HUMAN  BODY. 


wasted  appeai'ance  iu  the  cells  of  tissues  which  are  undergoing  degenera- 
tion. It  will  be  presently  shown,  that  thei-e  is  strong  reason  to  regard  the 
nucleus  as  the  chief  agent  in  the  vital  operations  of  the  cell ;  seeing  that 
it  can  exercise  its  functions  even  without  the  development  of  a  cell-wall 
to  enclose  the  substances  which  it  draws  around  it,  and  on  which  it  exercises 
its  peculiar  powers  (§  117).  Where  two  or  more  nuclei  are  seen  in  a 
single  cell  (Fig.  7),  they  may  be  regarded  as  originating  in  the  subdivision 
of  the  primoi'dial  single  nucleus,  and  as  indicating  the  approaching 
subdivision  of  the  cell  itself,  or  the  formation  of  a  young  cell  within  it. 

1 03.  The  history  of  the  Animtil  cell,  in  its  simplest  form,  is  precisely 
that  of  a  Vegetable  cell  of  the  lowest  kind.    Every  cell  lives  for  itself, 
and  by  itself,  like  each  of  the  solitaiy  cells  of  the  humblest  Protophytes; 
and  if  the  necessary  conditions  be  furnished  (these  being  essentially  a  due 
supply  of  nutriment,  and  a  proper  temperature),  it  may  continue  to  live 
and  to  grow,  and  may  go  through  all  the  phases  of  its  development,  quite 
independently  of  the  organism  of  which  it  originally  formed  part.  Of 
this  wo  have  numerous  examples  in  the  artificial  implantation  of  parts  of 
one  body  upon  or  within  another;  the  graft  uniting  itself  with  its  new 
stock,  and  continuing  to  grow  after  its  own  fashion  at  the  expense  of  the 
nourishment  thence  derived.    But  a  still  more  remarkable  example  is 
normally  and  constantly  presented  by  the  spermatic  cells  of  certain  ani- 
mals, such  as  the  Decapod  Crustacea*  and  certain  Nematoid  Entozoa;t 
which  are  cast  forth  from  the  organs  of  the  male  in  which  they  were 
genei'ated,  and  are  transferred  into  the  body  of  the  female,  when  as  yet  they 
are  in  a  comparatively  early  stage  of  their  own  development;  the  sper- 
matozoa being  not  yet  formed  within  them,  but  being  produced  dm-ing 
the  subsequent  life  of  the  cells,  which  apparently  goes  on  as  favourably 
within  the  generative  passages  of  the  female,  as  it  would  have  done 
within  the  organs  in  which  the  spermatic  cells  were  at  first  formed,  the 
requisite  conditions  being  duly  supplied.;}:    All  the  component  cells  of 
any  one  organism  may  be  considered  as  the  descendants  of  the  primordial 
cell  in  which  it  originated;  but  the  methods  of  their  production  are  by 
no  means  the  same  in  every  instance,  an  end  essentially  the  same  being 
brought  about  by  means  which  appear  (at  least)  to  be  very  different.  The 
various  modes  of  cell-development  may  however  be  reduced  to  two  prin- 
cipal forms; — that,  namely,  in  which  the  new  cells  arise  from  or  wWiin 
pre-existing  cells,  being  produced  by  the  subdivision  either  of  the  cells 
themselves,  or  of  their  nuclei,  which  is  termed  endogenous  development; 
— and  that  in  which  they  originate  in  germs  developed  de  novo  in  the 
midst  of  an  organizable  '  blastema,'  M'hich  has  been  prepared  by  a  pre- 
vious exercise  of  vital  force,  and  which  still  requires  the  continued  opera- 
tion of  that  force  ah  extra  for  its  due  organization  (§  29).    Each  of  these 
modes  of  cytogenesis,  or  cell-development,  will  now  be  sepai'ately  con- 
sidered. 

104.  The  multiplication  of  cells  by  duj^licative  subdivision,  which  is  the 
most  common  form  of  cytogenesis  in  the  Vegetable  kingdom,  and  which  is 
particularly  well  seen  in  the  simplest  Cellular  Plants  (Fig.  5),  is  observed 

*  Mr.  II.  D.  S.  Goodsir,  in  "  Anatomical  and  Pathological  Observations,"  p.  39. 
+  Dr.  Nelson,  "  Proceedings  of  the  Royal  Society,"  June  19,  1851. 
J  For  an  application  of  this  curious  fact  to  the  possible  explanation  of  certain  cases  of 
protracted ffestatio7i  in  the  Human  subject,  see  chap.  xix. 
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Fig.  5. 


to  take  place  also  within  the  Animal  body,  after  a  manner  essentially  the 
same,  in  most  cases  in  which  new  parts  are  being  developed  in  continuity 
with  the  old.  The  most  characteristic  example  of  it  is  seen  in  the  early 
Embryo ;  which,  at  first  consisting  of  but  a  single  cell,  has  its  number  of 
cells  augmented  by  such  duplica- 
tion, to  2,  4,  8,  16,  32,  64,  &o. 
The  same  process  may  also  be 
watched  through  the  whole  of  life 
in  Cartilage ;  and  it  is  one  of  the 
means  by  which  the  Red  Corpus- 
cles of  the  blood  are  multiplied 
in  an  early  stage  of  their  develop- 
ment (§154).  The  commencement 
of  this  process  in  the  Vegetable 
cell  is  indicated  by  its  elongation, 
and  by  a  slight  hour-glass  con- 
striction (Fig.  5,  h),  which  seems 
due  to  the  tendency  of  the  con- 
tents of  the  cell  to  separate  into 
two  halves;  and  between  these  a 
division  is  subsequently  formed     „     ^        i.      .     .     .      ^  ,  , 

,                  ,            i     i'    fiT         p  Hamatococcus  binalis,  in  various  stages  of  develop- 

[C,  a,)  by  the  gradual  mroldmg  or  ment ;  a,  a,  simple  rounded  cells ;  b,  elongated  cell, 

tlip  '  iirimnrrlinl  n+rinlp  '  nr  innpr  endochrorae  preparing  to  divide;  c,  c,  cells  in 

ine     piimoiaiai  U-CriCie,    or  mner  division  has  taken  place;  d,  large  parent 

cell- wall,  which  is  the  true  repre-    cell,  in  which  the  process  has  been  repeated  a  second 
n/?xi      A    -       1    time,  so  as  to  form  a  cluster  of  four  secondary  cells, 
SentatlVe  of  the  wall  of  the  Animal    such  as  is  often  seen  in  cartilage. 

cell.*    Where  a  distinct  nucleus 

exists,  however, — as  is  the  case  in  most  Animal  cells — the  process  of 
subdivision  seems  frequently  to  commence  in-  it ;  for  before  any  distinct 
inflection  of  the  cell- wall  can  be  perceived,  the  nucleus  may  be  seen  to 
elongate,  and  to  show  a  tendency  to  subdivision  into  two  equal  parts. 
Each  of  these,  when  completely  separated,  draws  round  it  a  portion  of 
the  contents  of  the  cell ;  so  that  the  cell-wall,  which  at  first  exhibits 
merely  a  sort  of  hour-glass  contraction,  is  at  last  inflected  so  far  as  to 
constitute  a  complete  partition  between  the  two  halves  of  the  original 
cell;  and  these  henceforth  become  two  independent  cells,  which  may  go 
through  the  same  process  in  their  turn  (Fig.  6,  a — d).  The  repetition  of 
this  operation  may  take  place  either  in  the  same  or  in  the  contrary  direc- 
tion, so  as  to  produce  four  cells,  either  linearly  arranged  (e,  f,  g),  or  clus- 
tered together  (h)  ;  and  this  duplication  may  go  on  upon  the  same  plan, 
until  a  large  mass  has  been  produced  by  the  subdivision  of  a  single 
original  cell.  In  ordinary  Cartilage,t  it  is  most  common  to  see  the  cells 
forming  clusters  (Fig.  41);  but  in  Cartilage  which  is  being  prepared  for 

*  See  "  Prin.  of  Phys.,  Gen.  and  Comp,,"  pp.  91,  92. 

+  It  is  thought  by  Dr.  Leidy,  who  has  carefully  studied  this  process  in  Cartilage  (sec  his 
valuable  paper  '  On  the  Intimate  Structure  and  History  of  Articular  Cartilages,'  in  the 
"  Amer.  Journ.  of  Med.  Sci.,"  April,  1849),  that  the  direction  of  the  subdivision  is  deter- 
mined by  that  in  which  there  is  least  resistance  to  the  extension  of  the  group  of  cells ;  but 
such  can  scarcely  be  the  case  in  regard  to  the  embryonic  mass,  the  cells  of  which,  if  ibis 
were  the  sole  determining  influence,  would  continue  to  multiply  on  a  uniform  plan  ;  instead 
of  which,  as  soon  as  they  have  arrived  at  a  certain  degree  of  minuteness  of  subdivision,  a 
diversity  of  arrangement  begins  to  show  itself  in  the  component  parts  of  what  was  previously 
a  homogeneous  assemblage. 
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ossification,  we  see  long  lines  of  cells,  which  have  been  obviously  produced 
by  the  first  of  these  methods  of  multipHcation  (Figs.  49,  50). 


Multiplication  of  Cartilftgc-cells  by  duplication  : — a,  original  cell;  b,  the  same  beginning  to 
divide  ;  c,  the  same  showing  complete  division  of  the  nucleus;  d,  the  same  with  the  halves  of 
the  nucleus  separated,  and  the  cavity  of  the  cell  subdivided  ;  e,  continuation  of  the  same  pro- 
cess, with  cleavage  in  contrary  direction,  to  form  a  cluster  of  four  cells;  f,  g,  h,  production  of 
n  longitudinal  scries  of  cells,  by  continuatioa  of  cleavage  in  the  same  direction. 

105.  Not  unfrequently,  however,  the  multiplication  of  cells  takes  place, 
not  so  much  by  the  subdivision  of  the  pre-existing  cell,  as  by  the  develop- 
P^^^  ^  ment  of  new  cells  in  its  interior ; 

these  appear  to  take  their  origin 
in  the  nucleus,  which  subdivides 
into  two  or  more  portions,  each  of 
them  di'awing  a  portion  of  the 
contents  of  the  parent-cell  towai'ds 
itself,  and  becoming  converted  in- 
to a  cell  by  the  development  of  a 
cell-wall  around  tlais;  and  they 
gradually  increase  in  dimensions, 
until  they  come  to  occupy  the 
entire  cavity  of  the  pai-ent-cell, 
and  may  so  distend  its  wall,  by 
their  further  enlai'gement,  that  it 
can  no  longer  be  distinguished. 
Of  this  method  of  cell-formation, 
rn,^,    rT,      also,  we  have  examples  in  carti- 

Section  of  branchial  Cartilage  of  Tadpole  of  Itana  '  •  it      •      -Z  i  i. 

pnradoi'a.— a,  6,  c,  intercellular  substance,  with  which  lage,  especially  lU  itS  early  Stage 

the  walls  of  the  parent-cells  are  incorporated  ;  rf,  single  of  development,  wheu  itS  grOW^h 

nucleus:   e,  nucleus  dividmg  mto  two;  d',  e',  two  _  ^  iiv^v^.iuj^^iii<^xi<j,  . 

nuclei  in  one  cell,  formed  by  division  of  single  nucleus ;  is  rapid  (Fig.  7)  j  but  WC  there 
/,  secondary  cell,  forming  around  nucleus  g;  h,  two       i  j  ™         4.V,r>,-,    +l^,.aQ  nv 

nuclei  within  single  secondary  cell ;  t,  three  secondary  SClOOm    SCO   mOlC   tnau  tlliee  Ol 

cells,  within  one  primary  cell.  foux  cclls  thuS  generated  withiu 

a  parent-cell  at  any  one  time.  It  is  in  structures  of  more  rapid  gro^vth,^. 
such  as  granulations,*  and  especially  in  cells  of  a  cancerous  or  malignant 

*  It  is  stated  hy  Mr.  Paget  ('  Lectures  on  the  Processes  of  Repair  and  Reproduction  after 
Injuries,'  in  the  "  Medical  Gazette,"  184.0)  that  in  granulations  there  are  olten  to  be  found 
large  compound  cells  of  oval  form,  and  as  much  as  l-250th  of  tan  inch  in  diameter,  containing  • 
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Fig.  8. 


character,  whose  speedy  development  and  no  less  speedy  degeneration  are 
among  their  most  distinguishing  features,  that  we  most  frequently  witness 
the  subdivision  of  the  nucleus  into  a  considerable  number  of  parts,  and 
the  development  of  numerous  cells  at  one  time  within  the  cavity  of  each 
pai*ent-cell  (Fig.  8).  The  same  method  may  often  be  recognized,  how- 
ever, in  the  development  of  cells 
within  Glandular  follicles ;  for 
where  each  follicle  is  a  single 
parent-cell,  and  its  nucleus  re- 
mains persistent  as  a  '  germinal 
centre '  subsequently  to  its  be- 
coming a  follicle  by  the  rupture 
or  thinning-away  of  a  part  of  its 
cell-wall,  it  appears  to  be  by  the 
continual  sprouting  of  new  cells 
'from  this  nucleus,  that  the  mate- 
rials of  the  secretion  are  elimi- 
nated from  the  blood  (Fig.  25). — 
As  a  general  rule,  however,  it  may 
be  remai'ked,  that  the  production 
of  a  large  nimaber  of  cells  within  a 
single  parent-cell  only  takes  place 
when  this  new  brood  is  not  to 
form  a  permanent  part  of  the 
organism,  or  to  be  itself  the  origi- 
nator of  a  subsequent  growth.  It 
would  seem,  indeed,  as  if  this 
rapid  method  of  multiplication 
occasioned  an  exhaustion  of  vital 
force ;  so  that  the  cells  thus  gene- 
rated are  incapacitated  for  any 
other  pm-pose ;  whilst  the  comparatively  slow  method  of  duplicative  sub- 
division may  be  repeated  time  after  time,  to  an  extent  to  which  it  is 
impossible  to  assign  a  limit,  each  pair  of  cells  thus  produced  having  an 
equal  capacity  with  its  progenitors  for  going  through  that  process. 

106.  There  are  cases,  however,  in  which  cells  are  developed,  without 
any  direct  connection  with  pre-existing  cells,  in  the  midst  of  a  blastema 
or  formative  fluid  poured  out  from  the  blood.  Still  it  is  uncertain  to 
what  extent  this  is  to  be  considered  as  one  of  the  ordinary  modes  in 
which  the  elements  of  the  tissues  are  produced  and  increased;  for  it  litis 
been  hitherto  chiefly  obsei'ved  in  cases  in  which  a  plastic  exudation  has 
been  poured  out  for  reparative  purposes,  or  in  which  a  structure  of  an 
abnormal  character  is  being  generated.  The  first  step  in  the  process 
usually  appears  to  be  the  aggi'egation  of  some  of  the  minute  molecules 
which  the  fluid  or  semi-solid  blastema  contains,  so  that  they  form  little 
rounded  masses,  or  nuclei,  from  which  the  new  cells  originate.  The 
mode  in  which  the  cell- wall  is  formed  does  not  appear  to  be  by  any 
means  constant.  Sometimes  it  seems  to  rise  and  separate  itself  from  the 
nucleus  itself,  as  if  it  were  formed  by  the  melting-together  of  molecules 

eight,  ten,  or  more  nuclei,  which  have  been  derived  by  subdivision  from  the  nuclous  of  tlio 
simple  cell,  and  which  are  probably  destined  to  be  the  nuclei  of  as  many  separate  cells. 


Endogenous  cell-growth  in  cells  of  a  Meliceritous 
Tumour: — a 'cells  presenting  nuclei  in  various  stages 
of  development  into  a  new  brood;  h,  parent-cell, 
completely  filled  with  a  new  brood  of  young  cells, 
which  have  originated  from  the  granules  of  the 
nucleus. 
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precipitated  upon  or  attracted  to  the  nucleus;  but  more  frequently  it 
appears  to  be  generated  by  the  expansion  of  the  wall  of  the  nucleus  itself; 
in  either  case,  however,  commencing  to  enlarge  and  separate  itself  from 
the  nucleus  by  the  endosmosis  or  assimilation-  of  fluid  from  the  smTound- 
ing  blastema.*  But  there  are  other  cases  in  which  the  nuclear  particles 
appear  to  draw  around  them  certain  components  of  the  substance  iu 
which  they  lie,  before  any  cell-wall  can  be  discerned,  this  being  subse- 
quently generated  around  this  collection,  which  then  constitutes  the 
contents  of  the  newly-formed  cell.  This  first-foi-med  nucleus  may  be 
pei-sistent,  and  may  take  a  part  in  the  subsequent  vital  actions  of  the  cell, 
of  whatever  kind  these  may  be ;  or  it  may  be  superseded  by  a  second 
nucleus,  which  subsequently  makes  its  appeai'ance  in  some  other  part  of 
the  cell-wall. — It  seems  probable  that  the  first  formation  of  the  chyle- 
and  lymph -corpuscles,  which  subsequently  develope  themselves  into  blood- 
corpuscles,  takes  place  from  free  nuclei;  and  it  has  been  maintained 
by  some  that  the  epidermis  and  epithelium  are  likewise  formed  in  the* 
same  manner ; — both  these  views,  however,  i-equire  confirmation. 

107.  Another  mode  of  Cytogenesis  must  be  mentioned  as  of  occasional 
occuiTcnce ;  namely,  the  expansion  of  a  single  apparently-homogeneous 
granule  into  a  cell,  without  the  previous  formation  of  any  perceptible 
nucleus ;  a  distinction  first  showing  itself  between  the  exterior  portion  of 
the  granule,  which  becomes  the  cell- wall,  and  the  interior,  which  seems 
to  melt-down  to  form  the  first  cell-contents;  and  the  former  extending 
itself,  as  the  latter  augment  by  imbibition  from  the  surrounding  fluid. 
It  is  on  this  plan  that  the  development  of  the  '  zoospores '  of  many  of  the 
Alga3  seems  frequently  to  take  place  ;t  for  these,  at  the  time  of  their 
emission,  can  freqiiently  not  be  considered  as  anything  else  than  'gxanules.' 
And  the  first  development  of  blood-corpuscles  in  the  Chick,  as  seen  in 
blood  di'awn  from  the  heai*t  on  the  third  day,  is  affirmed  by  Mr.  MacleodJ 
to  present  a  similar'  series  of  phenomena.  Indeed  it  may  be  sm-mised 
that  when  a  large  number  of  young  cells  are  simultaneously  or  succes- 
sively evolved  from  the  nucleus  of  a  pai'ent-cell  (§  1 05),  it  is  by  some  such 
mode  of  development  from  the  individual  particles  composing  the  nucleus ; 
for  the  appearance  which  is  presented  w^hen  this  process  is  being  earned 
on,  is  very  much  that  of  the  sprouting  of  its  marginal  granules  iuto 
yotmg  cells  (Fig.  8).  And  it  seems  probable,  that  wherever  a  single 
granule  is  thus  evolved  into  a  cell,  it  has  been  discharged  as  a  reproduc- 
tive particle  from  a  pre-existing  cell;  its  conditions  of  development  being 
in  this  respect  different  from  those  of  the  granules  which  form  nuclei  by 
their  aggregation  in  the  midst  of  a  plastic  exudation,  and  which,  not 
having  undergone  the  same  preparation,  are  not  endued  with  vital  pro- 
perties of  as  high  a  character. — On  the  whole  of  this  subject,  however, 
considerable  obscurity  still  rests ;  and  while  it  is  next  to  certain  that  cells 
may  be  generated  within  the  Human  body  in  each  of  the  modes  now 
described,  there  is  still  very  much  to  be  learned  respecting  the  conditions 
under  which  every  form  of  the  process  respectively  occurs. 

108.  We  have  now  to  inquire  into  the  nature  of  those  peculiai-  pheno- 
mena, of  which  Cells  are  the  instruments,  and  to  which  the  designation  of 

*  See  Prof.  Bennett's  Treatise  "  On  Cancerous  and  Cancroid  Growths,"  p.  HP. 
t  See  "  Prin.  of  Pliys.,  Gen.  and  Comp.,"      142,  267a. 
t  "Lend,  and  Edinb.  Monthly  Journ."  Sept.  1842. 
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Vital  is  given,  on  account  of  their  restriction  to  the  living  organism,  and 
their  distinctness  from  those  of  a  physical  or  chemical  nature.   The  series 
of  actions  constituting  Cell-Development,  under  whichever  of  the  foregoing 
modes  it  may  take  place,  is,  "of  all  these  phenomena,  that  which  stands  in 
most  complete  opposition  to  anything  displayed  by  the  Inorganic  world; 
i  and  we  see  in  it  the  type  of  the  development  of  the  entire  fabric,  which 
>  essentially  consists  in  the  continual  multiplication  of  its  component  cells 
by  one  or  other  of  the  processes  just  described,  and  in  the  subsequent 
changes  which  they  undergo.    Thus  we  observe  the  appropriation  of 
-:  certain  nutrient  materials,  derived  from  external  sources,  in  the  first 
1  extension  of  the  cell-wall,  the  enlargement  of  the  nucleus,  and  the  collec- 
\  tion  and  increase  of  the  cell-contents ;  and  upon  these  materials  a  certain 
'  degree  of  transformation  is  commonly  exerted.    As  already  ]3ointed  out 
(§  17),  there  is  but  little  if  any  chemical  change  needed  for  the  incorpo- 
\-  ration  of  the  nutrient  materials  with  which  the  Animal  cell  is  supplied, 

•  into  its  own  substance ;  the  cell- walls  and  nuclei  being  apparently  of  the 

-  same  chemical  natm-e  with  the  constituents  of  the  blood,  at  the  expense 
of  which  they  are  developed :  but  we  must  here  recognize  a  mtal  change, 
in  vu'tue  of  which  they  are  rendered  henceforth  capable  of  exhibiting 
actions,  which,  so  long  as  they  remain  mere  chemical  compounds,  they 

•  are  utterly  unable  to  perform.  The  cell-contents,  on  the  other  hand,  for 
the  most  part  remain  as  mere  chemical  compounds;  and  though  they  are 
in  many  instances  directly  furnished  by  the  nutrient  fluid,  there  are  other 

.  cases  in  which  their  composition  is  so  different  from  that  of  anything  it 
:  can  be  shown  to  include,  that  we  must  reckon,  as  one  manifestation  of  the 
[  peculiar  attributes  of  the  cell,  the  power  of  Chemical  Tramformation. 
\  But  its  power  may  be  also  exerted  in  vitalizing  its  contents  or  a  certain 
[  portion  of  them;  this  power  of  Yital  Transfo^-mation  being  probably  pos- 

•  sessed  in  a  low  degree  by  many  cells  which  prepare  the  nutrient  material 

■  for  its  appropriation  by  the  living  tissues,  but  being  pre-eminently  the 
endowment  of  those  which  are  concerned  in  the  generative  operations. — 

!  Thus,  then,  in  the  simple  act  of  Cytogenesis,  we  recognize  a  force  in  opera- 

■  tion,  which  converts  certain  chemical  compounds  into  a  living  organized 

-  structm-e,  not  only  moulding  them  into  a  peculiar  and  characteristic  form, 
but  endowing  them  with  new  attributes.  And  not  the  least  remarkable  of 
these  attributes  is  that  power  of  increase  and  multiplication,  whereby  the 
same  alterations  may  be  effected  in  an  almost  unlimited  amount  of  raw 
material ;  so  that  an  aggregation  of  organized  tissue,  sufficient  to  produce 
a  fabric  of  considerable  dimensions,  may  be  thereby  generated  from  a 
single  primordial  cell. 

109.  The  history  of  the  life  of  a  Cell  is  by  no  means  completed,  how- 
ever, by  the  fullest  enumeration  of  the  successional  phenomena  exhibited 
in  its  development  and  multiplication;  for  after  it  has  attained  its  full 
growth,  it  may  itself  undergo  alterations  of  various  kinds,  or  may  become 
the  instniment  of  effecting  changes  in  others,  such  as  can  scarcely  be 
regarded  in  any  other  light,  than  as  manifestations  of  a  force  identical 
with  that  which  was  operative  in  its  original  production. — Among  the 
changes  occun-ing  in  the  cell  itself,  that  which  may  be  first  noticed  is  the 
permanent  alteration  in  form  which  certain  cells  undergo,  not  from  forces 
external  to  them,  but  from  agencies  at  work  in  their  interior.  Thus, 
although  spheroidal  cells  may  be  converted  into  jiolygonal  by  mutual 
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pressure  on  all  sides,  or  may  be  lengthened  towards  the  fusiform  shape 
when  that  pressure  is  less  in  one  direction  than  in  another,  or  may  be 
flattened-down  into  a  scale  by  the  loss  of  its  fluid,  yet  it  is  impossible  to 
account  in  any  such  mode  for  the  extraordinary  elongation  of  certain 
cells,  or  for  the  flattening  of  others,  when  no  pressm-e  is  being  exerted 
upon  them ;  or  for  the  extension  of  offsets  from  others  into  caudate  or 
stellate  prolongations  (§  146).  Some  of  these  cases  are  not  improbably  to 
be  accounted-fbr  by  the  extension  of  the  cell,  whilst  still  increasing  in 
size,  in  the  direction  of  least  resistance ;  in  the  same  manner  as  the  roots 
of  plants  send  forth  their  prolongations,  sometimes  of  extraordinary 
length,  through  the  soil  which  they  can  most  readily  traverse.  But  there 
is  reason  to  believe  that  such  alterations  of  form  may  also  be  effected, 
even  after  the  cells  have  attained  their  full  dimensions,  by  the  agency  of 
currents  within  the  cell,  whose  maintenance  is  intimately  connected  with 
its  nutrient  operations,  and  whose  'set'  in  particular  directions  deter- 
mines the  protrusion  of  the  cell-wall  at  the  points  towards  which  they 
tend.  It  is  well  known  that  such  currents  are  fi-equently  to  be  obseiwed 
in  the  cells  of  Plants ;  indeed  it  seems  probable  that  they  take  place  in 
evcyy  vegetable  cell  at  a  certain  stage  of  its  development.*  Regular 
currents,  apparently  of  a  similar  nature,  and  quite  distinct  from  the 
*  molecidar  movements '  which  cannot  be  justly  attributed  to  any  otlier 
than  physical  causes  (§  101),  have  also  been  witnessed  within  many  Animal 
cells :  thus  Prof  Sharpey  has  seen  a  clump  of  dark  granular  matter  in 
I'egular  revolution,  and  numerous  separated  granules  coursing  round  and 
round,  within  the  spheroidal  pigment-cells  of  the  tail  of  a  Tadpole.t 
Prof  Czermak  has  described  peculiar  rotatory  movements  in  certain 
vesicles  attached  to  the  fine  extremities  of  the  seminal  tubes  in  the  Sala- 
mander.;}: Prof.  Kolliker  has  obsei'ved  analogous  movements  in  the  cells 
of  the  seminal  filaments  of  a  Polyclinum,  and  in  large  cells  in  the  sprout- 
ing arms  of  a  Medusoid  animal ;  §  and  a  still  more  remai'kable  case,  in 
which  the  currents  within  the  cell  distinctly  detennined  the  protrusion  of 
the  cell- wall  in  one  direction  or  another,  has  been  witnessed  by  the  Author 
in  one  of  the  lowest  forms  of  animal  life,  and  has  been  elsewhere  described 
by  him  in  detail. || — On  the  whole,  then,  we  seem  entitled  to  affirm,  that 
such  permanent  alterations  in  the  forms  of  cells,  as  cannot  be  explained 
by  external  pressure,  are  dependent  upon  an  agency  of  the  same  kind 
with  that  which  is  concerned  in  the  ordinary  operations  of  development ; 
and  must  thus  be  regarded  as  a  continued  manifestation  of  what  may  be 
conveniently  designated  by  the  term  Cell-force.% 

*  See  "  Prin.  of  Phys.  Gen.  and  Comp.,"  §  137. 

+  Introduction  to  Dr.  Quain's  "  Elements  of  Anatomy,"  5th  edit.,  p.  ivi.  note, 
t  "  Oester.  Medic.  Jahrbucher,"  Jan.  1845  ;  and  "  Brit,  and  For.  Med.  Rev,,"  vol,  xxii. 
p.  264. 

<S  "  Entwick.  der  Cephalopoden,"  p.  156.       |1  "  Prin.  of  Phys.  Gen.  and  Comp.",  p.  244. 

*[f  The  Author  is  particularly  desirous  that  he  should  be  understood  as  implying  by  this 
term,  not  that  the  force  is  produced  or  generated  by  the  cell,  but  merely  that  the  growth  of 
the  cell  is  the  most  general  manifestation  of  that  force,  to  whicli  it  is  convenient  to  refer  as 
a  standard  of  comparison  ;  and  also  that  the  cell  affords  the  ordinary  instrumental  condition 
for  the  exercise  of  the  force  in  question,  although  it  can  doubtless  be  exerted  in  many  cases  in 
which  cell-development  does  not  take  place.  The  use  which  he  would  make  of  the  term  is 
just  that  wliicli  is  commonly  made  of  the  term  '  engine-power  '  in  mechanics  ;  for  the  steam- 
engine  possesses  no  power  in  itself,  but  is  simply  the  instrument  most  commonly  employed, 
because  the  most  convenient  and  advantageous  yet  devised,  for  the  application  of  the  expnn- 


OF  CELLS  AND  CELL-LIFE. 


109 


110.  Certain  kinds  of  cells,  however,  exhibit  more  rapid  changes  of 
form,  such  as  cannot  be  so  directly  attributed  to  their  nutritive  opera- 
tions ;  and  these  may  take  place  in  such  a.  manner,  as  to  communicate 
motion  to  objects  external  to  them.    Moreover,  these  changes  may  take 
place  altogether  spontaneously  {i.  e.,  independently  of  any  external  stimu- 
lation), or  they  may  only  occur  when  some  exciting  influence  is  commu- 
nicated to  the  cell.    Of  both  forms  of  movement,  we  have  numerous 
illustrations  in  the  Vegetable  kingdom;  the  rhythmical  undulations  of 
the  elongated  cell -filaments  of  the  Oscillatorise,  or  the  alternating  flexures 
of  the  stalks  of  the  lateral  leaflets  of  the  Hedysarum  gyrans,  being  ex- 
amples of  the  former;  whilst  the  closure  of  the  fly-trap  of  the  Dionsea, 
the  folding  of  the  leaves  of  the  Mimosa,  and  the  flexure  of  the  stamen  of 
the  Berberry,  upon  mechanical  or  chemical  stimulation,  are  specimens  of 
the  latter.    In  all  these  cases,  the  aptitude  for  the  movement,  whether 
- '  spontaneous '  or  '  excited,'  is  so  clearly  dependent  upon  the  general  vital 
activity  of  the  cells  which  perform  it,  that  we  can  scarcely  regard  it  in 
any  other  light  than  as  an  expression  or  manifestation  of  their  peculiar 
force.    And  this  view  derives  confirmation  from  all  that  we  know  of  the 
conditions  iinder  which  movement  is  originated  in  Animals.    For  here, 
too,  may  it  be  said  that  all  motion  is  dependent  upon  the  change  of  form 
of  cells ;  and  that  this  change  may  be  either  '  spontaneous '  or  '  excited,' 
but  in  both  cases  must  be  regarded  as  a  manifestation  of  vital  force.  Of 
;  the  spontaneous  movement,  we  have  the  most  remarkable  example  in  the 
.incessant  rhythmical  action  of  the  cilia  (Fig.  21)  which  line  many  of  the 
:  tubes  and  cavities  of  the  body ;  these  cilia  being,  it  would  appear,  nothing 
else  than  prolongations  of  the  cell  itself,  though  of  extreme  tenuity. 
'  Their  movement  is  obviously  dependent  upon  the  life  of  the  cell  from 
which  they  are  put  forth,  and  is  retarded  or -brought  to  a  stand  by 
.  agencies  which  tend  to  depress  its  vital  power.    But  these  are  not  the 
•only  cases  in  which  cells  appear. to  undergo  rhythmical  changes  of  form, 
-  as  a  part  of  their  regular  vital  operations ;  for  the  alternating  contractions 
!  and  dilatations  of  the  cavities  of  the  heart  appear  due  to  an  action  of  this 
kind  in  its  muscular  walls ;  and  we  may  not  improbably  regard  the  con- 
traction of  the  uterine  structure,  when  it  has  reached  a  certain  stage  of  its 
'  development,  in  the  same  light.    In  both  these  cases,  it  is  true,  it  is 
to  be  observed  that  the  structures  in  question  are  peculiarly  amenable  to 
the  influence  of  stimuli ;  thus  the  rhythmical  action  of  the  heart  may  be 
re-excited,  after  it  has  been  suspended,  by  a  slight  mechanical  irritation, 
and  its  regular  movements  may  be  either  accelerated  or  retarded  by 
nervous  influence ;  so,  again,  the  parturient  efforts  of  the  uterus  may  be 
:  induced,  when  they  would  not  otherwise  take  place,  by  mechanical  or 
nervous  stimulation,  or,  when  they  are  already  going  on,  they  may  be 
accelerated  or  retarded  hj  the  same  agency.    But  still,  when  every  source 
of  excitement  is  excluded,  we  cannot  but  perceive  that  these  actions  take 
place  with  a  spontaneity  which  can  scarcely  be  accounted  for  in  any  other 
way,  than  by  considering  them  as  expressions  of  the  vital  activity  of  the 
component  cells  of  these  forms  of  muscular  tissue,  which  manifests  itself 
in  this  mode  when  the  developmental  life  of  the  cell  has  attained  its 

sive  force  of  steam,  generated  by  the  application  of  Heat,  to  tlio  production  of  nit'clianical 
motion  ;  tliis  Heat,  which  is  the  real  motive  power,  being  capable  of  nianil'osting  itself  in  a 
great  variety  of  other  modes. 
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maturity.  And  this  view  is  strikingly  confirmed  by  what  we  know  of  the 
origin  and  termination  of  these  movements.  For  the  action  of  the  heart 
commences,  when  as  yet  its  contractile  pai-ietes  consist  but  of  an  assem- 
blage of  ordinary-looking  cells,  no  proper  muscular  tissue  being  evolved, 
and  no  nervous  system  being  yet  developed  from  which  the  stimulus  to 
the  movement  can  proceed ;  and  it  is  impossible  to  assign  any  other  cause 
for  the  movement  vmder  such  circumstances,  than  the  attributes  inherent 
in  the  tissues  which  perform  it.  So,  again,  as  will  be  shown  hereafter 
(chap.  XIX.,  SECT.  3),  the  parturient  action  of  the  uterus  cannot  be  fairly 
attributed  to  any  of  the  agencies  which  have  been  supposed  to  excite  it ; 
but  must  be  looked  upon  as  one  of  those  j)henomena,  whose  periodical 
recurrence  is  due  to  the  regularity  of  the  operations  of  gi'owth,  whereby 
the  tissue  attains  its  matm-ity  in  a  certain  limited  time,  and  then  dis- 
charges itself  of  its  vital  force  in  the  shape  of  motor  power ;  just  as  another 
cell  will  consume  it  in  the  development  of  a  brood  of  young  ones,  or  in 
the  performance  of  chemical  transformations,  setting  free  the  product, 
when  completely  formed,  by  its  own  rupture  or  deliquescence.  And  the 
subsequent  result  is  just  what  on  this  view  might  be  anticipated;  for  the 
vital  power  of  the  tissue  being  thus  exhausted,  it  speedily  undergoes  dege- 
neration and  death ;  and  thus  it  is  that  the  reduction  of  the  uterus  to  its 
normal  size  takes  place  so  much  more  rapidly  after  parturition,  than  does 
the  wasting  of  ordinary  muscles  by  simple  disuse.  Hence  we  may  look 
upon  the  development  of  the  musculai*  substance  of  the  uterus,  which  is 
going  on  during  the  whole  period  of  gestation,  as  in  reality  consisting  in 
the  accumulation  of  a  vast  reservoir  of  cell-force,  which  is  to  be  consumed 
in  one  powerful  effort. — The  contraction  of  the  muscles  ordinai'ily  termed 
'  voluntaiy,'  which  also  will  be  shown  hereafter  to  be  dependent  iipou 
changes  of  form  taking  place  in  the  cells  of  their  component  fibrillse,  is 
not  of  the  'spontaneous,'  but  of  the  'excited'  kind;  but  here,  too,  we 
have  evidence  that  the  mechanical  movement  is  to  be  regarded  but  as  an 
expression  of  vital  force,  in  the  fact  (now  universally  admitted  by  Physi- 
ologists) that  every  act  of  muscular  exertion  necessarily  involves  as  its 
condition  the  disintegration  of  a  certain  amount  of  muscular  tissue,  whose 
components  are  then  removed  as  effete  by  the  excretory  processes;  so  that 
we  may  look  upon  the  death  of  such  cells,  whose  term  of  life  might  other- 
Avise  have  been  considerably  prolonged,  as  the  result  of  the  expenditure  of 
their  peculiar  modification  of  force,  under  the  guise  of  mechanical  power. 

111.  What  has  been  said  of  the  cells  which  possess  the  attribute  of 
motility,  is  also  true  of  that  still  more  remarkable  order  of  cells,  peculiar 
to  the  Animal  kingdom,  by  whose  agency  Nerve-force  is  developed.  The 
nature  of  this  force,  and  its  relations  to  Electricity  and  other  physical 
agencies,  wiU  be  discussed  hereafter  (chap.  v.  sect.  7);  but  at  present 
it  will  be  sufl&cient  to  state,  that  there  can  be  no  reasonable  doubt  of  the 
dependence  of  its  production,  in  the  central  organs,  upon  the  development 
of  the  peculiar  cells  which  constitute  their  ganglionic  or  vesicular  sub- 
stance ;  and  that  the  progress  of  physiological  inqxiiry  seems  to  justify  the 
belief  (long  since  entertained  and  expressed  by  the  Author),  that  cells  or 
cell-nuclei  ai-e  usually  the  agents  in  the  origination  of  nerve-force  at  the 
peripheral  extremities  of  the  nerve-fibres.  This  nerve-force  may  be  rc- 
gax-ded  as  the  veiy  highest  manifestation  of  Vital  Power,  in  virtue  alike  of 
its  intimate  relation  with  Mental  agency,  which  it  serves  to  excite,  and  by 
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which  it  is  in  turn  excited  (chap,  xiv.),  of  its  power  of  exciting  or  checking- 
Muscular  movements,  and  of  the  control  it  exerts  over  the  Vital  operations 
of  cells  in  general,  whether  these  take  the  form  of  multiplication  or 
of  Chemico-vital  transformation,  or  present  themselves  iinder  any  other 
,  aspect.    For  so  obvious  is  the  controlling  and  regulating  action  of  the 
^  Nervous  System,  where  (as  in  Man),  it  attains  its  highest  development, 
over  those  acts  of  nutrition,  secretion,  &c.,  which  essentially  consist  in  the 
production  and  growth  of  cells,  that  many  Physiologists  have  regarded 
these  actions  as  necessarily  de23endent  upon  the  exercise  of  nervous  power, 
i:  For  this  assumption,  however,  there  is  no  evidence  whatever ;  and  it  is 

-  strongly  opposed  by  the  fact,  that  these  actions  are  performed  under  con- 
ditions essentially  the  same  as  they  are  in  the  Vegetable  kingdom,  in 

i  which  nervous  power  has  no  existence.  And  all  the  phenomena  which 
i  have  been  adduced  in  its  support,  are  fully  capable  of  being  scientifically 
t  expressed  by  the  view  here  advocated ;  for  just  as  Electricity  developed 
by  chemical  change  may  operate  (by  its  correlation  with  chemical  atfinity) 
in  producing  other  chemical  changes  elsewhere,  so  may  Nei-ve-force, 
.  which  has  its  origin  in  cell -formation,  excite  or  modify  the  process  of  cell- 
t  formation  in  other  parts,  and  thus  influence  all  the  vital  manifestations  of 
•  the  several  tissues,  whatever  may  be  their  own  individual  characters. — 
:  Fm*ther,  we  have  evidence  in  the  phenomena  of  Nervous  action  (chap.  v. 

-  SECT.  7),  that  the  production  of  Nerve-force,  like  the  development  of 
"  Muscular  power,  involves  the  degeneration  and  death  of  a  certain  amount 

of  the  tissue  which  serves  as  its  instrument ;  so  that  we  are  furnished  by 
t  this  fact  with  an  additional  reason  for  the  belief,  that  nervous  agency  is 
jt  to  be  regarded  as  but  a  peculiar  modus  operandi  of  the  same  force  as  that 
»  which  is  elsewhere  operative  in  cell-development. 

112.  Thus,  then,  we  have  distinguished  thd  fellowing  as  the  principal 
r  manifestations  of  Cell-Life : — 

a.  Growth  of  the  original  cell,  from  its  germ  to  its  maturity;  in- 
volving the  selection  and  ap2Jro2:)riation  of  its  materials. 

h.  Midtiplication,  by  the  subdivision  either  of  the  original  cell  or  of 
its  nucleus. 

c.  Chemical  Transformation,  exerted  upon  the  pabulum  of  the  cell, 

whereby  new  products  may  be  generated  in  its  interior. 

d.  Vitalization  of  a  portion  of  the  pabulum,  whereby  it  becomes 

endowed  with  vital  properties  of  its  own,  so  as  even  to  originate 
cells  de  novo. 

e.  Permanent  Changes  of  Form,  taking  place  in  connection  with  acts 

of  gi'owth,  and  giving  a  peculiar  character  to  the  tissue. 

/.  Temporary  Changes  of  Form,  applied  to  the  generation  of  me- 
chanical force,  and  to  the  production  of  sensible  motions. 

g.  Production  of  Nerve-Force,  which  may  affect  all  the  preceding 
operations,  and  which  is  intimately  related  to  Mental  agency. 

The  first  five  of  these  are  manifested  in  those  constructive  operations,  which 
are  common  alike  to  the  Plant  and  to  the  Animal,  and  which  consist  in 
the  building-up  of  the  organized  fabric.  Of  this  organized  fabric,  on  the 
other  hand,  the  exercise  of  the  last  two  may  be  regarded  as  essentially 
destructive;  since  they  involve  an  expenditure  of  that  force  which  pre- 
viously held  together  the  components  of  the  tissues,  whereby  these  com- 
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ponents  are  given  up  to  tlae  disintegrating  agency  of  the  Chemical  and 
Physical  forces.  But  it  is  in  the  exercise  of  Nervo-Muscular  power  that 
the  Life  of  the  Animal  essentially  consists;  and  the  constructive  opera- 
tions which  take  place  in  its  fabric  (as  will  be  more  fully  shown  here- 
after, CHAP.  VI.),  may  be  regarded  as  essentially  destined  to  provide  its 
material  and  dynamical  conditions. 

113.  That  these  various  phenomena  are  to  be  regarded  as  manifesta- 
tions of  one  and  the  same  Vital  Force,  of  which  the  several  modifications 
of  Organic  Structure  that  exhibit  them  ai'e  the  respective  instruments, 
may  be  argued,  not  merely  from  the  facts  already  urged,  but  also  from 
the  community  of  origin  of  all  the  tissues  and  organs  of  each  individual, 
in  a  single  primordial  cell.  For,  like  the  humblest  forms  of  Vegetable 
and  Animal  life  which  permanently  consist  of  separate  and  independent 

^  cells,  the  embryo  of  even  tlie  highest  types  of  each  kingdom,  in  the  earliest 
phase  of  its  development,  is  but  a  single  cell ;  and  during  the  earlier  period 
of  its  increase,  we  obsei^ve  that  it  displays  only  that  most  general  manifes- 
tation of  cell-force,  which,  consists  in  gi'owth  and  multiplication.  The  de- 
scendants of  this  parent-cell,  however,  soon  begin  to  undergo  a  variety  of 
transformations,  and  to  assimie  a  diversity  of  characters;  and  we  observe, 
in  fact,  that  a  sort  of  '  division  of  labour '  takes  place  among  them,  each 
group  of  cells  being  ajDpropriated  to  some  particular  office,  and  dischai-g- 
ing  it  alone  to  the  exclusion  of  the  rest;  as  if,  by  this  special  direction  of  the 
vital  force,  tlie  cell  which  is  its  instrument  is  unfitted  for  any  other  kind 
of  vital  agency.  Of  this  relation  of  reci2)rocity  between  the  several  mani- 
festations of  vital  power,  the  following  examples,  among  many  others, 
may  be  cited. — Wliere  the  whole  energy  of  the  cell  is  directed  to  multi- 
plication, we  do  not  observe  either  chemical  transformation,  or  change  of 
form,  or  development  into  any  other  tissue ;  nor  do  we  find  that  either 
motor  power  or  nerve-force  is  generated.  Of  this  we  have  already  had  an 
example  in  that  early  phase  of  embiyonic  life,  in  which  cell-mrdtiplication 
takes  place  Avith  extraordinary  rapidity.  In  the  formation  of  new  parts 
which  make  their  appearance  at  a  subsequent  time,  we  find  that  their 
foundation  is  laid  in  a  mass  of  cells  which  rapidly  multiply,  up  to  a 
certain  point  (like  those  of  the  embryonic  mass),  without  any  change  of 
form  or  character;  and  that,  when  they  have  once  begun  to  undergo 
development  into  other  kinds  of  tissue,  they  multiply  no  longer.  So, 
again,  in  those  cancerous  growths,  whose  rapid  increase  is  one  of  their 

/  most  important  distinctive  featiu'es,  we  usually  observe  that  the  whole 
texture  retains  its  primitive  cellular  character;  and  that  the  development 
of  higher  forms  of  tissue  only  occurs  in  those  whose  growth  is  slower, 
their  cells  having  ceased  to  multiply  themselves  thus  rapidly,  when  they 
underwent  histological  change.  But  perhaps  one  of  the  most  striking 
examples  of  this  principle  is  presented  by  those  glandular  follicles  which 
act  as  parent-cells,  developing  in  their  interior  a  successional  progeny, 
which  are  the  true  secreting  cells:  for  the  former  possess  no  secreting 
powei-,  their  vital  force  being  expended  in  the  production  of  the  latter; 
whilst,  on  the  other  hand,  the  latter  possess  no  reproductive  power,  biit 
die  and  are  cast  off'  when  they  have  reached  their  maturity,  even  their 
own  cell- walls  being  usually  very  imperfectly  developed  (§  117),  as  if 
their  whole  vital  force  had  been  expended  in  the  secreting  process. — So, 
again,  the  cells  whose  vital  force  is  exerted  in  mechanical  movement,  seem 
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exclusively  adapted  for  this  purpose,  apparently  performing  no  other  vital 
changes  than  those  involved  in  their  own  development.  Thus,  the 
ciliated  epithelium-cells  which  line  the  respiratory  passages  and  the 
dxicts  of  many  glands,  appear  never  to  perform  that  secretory  function 
which  is  dischai'ged  by  other  non-ciliated  cells  of  the  same  stratum;  so 
that,  their  mode  of  production  and  the  general  conditions  of  their  deve- 
lopment being  essentially  the  same,  we  can  scarcely  fail  to  regard  the 
ciliary  movement  and  the  secreting  action,  as,  however  dissimilar  in 
themselves,  two  modes  of  operation  of  one  and  the  same  '  cell-force.' 
Again,  the  elongated  cells  which  constitute  the  non- striated  muscular  fibre, 
and  the  minute  cellules  of  which  the  fibrillse  of  the  striated  muscular 
fibre  are  made  up,  seem  to  exercise  no  chemical  change,  to  undergo  no 
further  development,  and  to  undergo  disintegration  without  having  pre- 
viously multiplied  themselves;  so  that  all  increase  and  regeneration  of 
muscular  tissue  appear  to  take  place,  either  by  production  de  novo,  or 
possibly  (in  the  case  of  the  striated  fibre)  by  the  continued  development 
of  new  cells  from  the  nucleus  of  the  parent-cell,  which,  like  that  of  the 
glandular  follicle,  performs  no  other  function  than  that  of  multiplication. 
— The  cells  composing  the  nervous  tissue,  again,  do  not  show  any  indica- 
tion of  reproductive  power,  and  seem  to  undergo  disintegration  as  the 
direct  consequence  of  their  production  of  nerve-force ;  so  that  they,  too, 
appear  to  expend  their  whole  vital  energy  in  one  particular  mode  of 
action,  and  to  have  no  power  to  spare  for  any  other. 

114.  We  have  hitherto  spoken  only  of  that  part  of  the  Life  of  the  Cell, 
which  intervenes  between  its  origin  and  its  epoch  of  maturity;  we  have 
now  to  advert  to  its  decline  and  death ;  and  these  are  to  be  regarded,  no 
less  than  the  preceding,  as  part  of  that  regidar  series  of  changes  by  which 
it  is  distinguished  as  an  organized  structure.  For  it  may  be  stated  as  a 
general  rule,  that  the  amount  of  vital  action  which  can  be  performed  by 
each  living  cell  has  a  definite  limit;  and  that  when  a  certain  point  has 
been  once  reached,  a  diminution  in  the  vital  activity  of  the  cell  must 
ensue,  and  it  must  become  more  and  more  subject  to  those  influences 
which  are  constantly  tending  to  degrade  it  to  the  condition  of  inorganic 
matter.  Hence  there  is  for  the  most  part  a  limit  to  the  duration  of  each 
component  cell  of  the  organism,  which  is  quite  irrespective  of  that  of  the 
organism  at  large ;  the  life  of  the  latter  being  maintained  by  the  conti- 
nual development  of  new  tissues,  in  the  place  of  those  which  are  dege- 
nerating and  decaying.  But  this  limit  is  Ijy  no  means  constant ;  since  a 
cell  may  live  faster  or  slower,  that  is,  it  may  put  forth  a  greater  or  less 
degi'ee  of  vital  energy  in  a  given  time,  in  accordance  with  the  conditioils 
under  which  it  is  placed ;  and  the  more  rapid  the  rate  of  life,  the  more 
brief,  cceteris  paribus,  is  its  duration.  Of  this  general  principle,  abundant 
examples  are  afforded  to  us  in  the  Vegetable  kingdom,  in  which  we  can 
readily  trace  the  operation  of  varying  degrees  of  light  and  heat ;  but  it  is 
not  difficult  to  trace  them  out  also  in  cold-blooded  animals;  and  the  only 
reason  for  the  gi-eater  constancy  in  the  rate  of  decay  and  renovation  of 
the  tissues  in  warm-blooded  animals,  seems  to  lie  in  the  uniformity  of  the 
temperature  at  which  they  are  kept,  which  uniformity  tends  to  produce  a 
determinate  regularity  in  the  rate  of  their  vital  activity  (§  127).  As  already 
remarked,  the  very  influences  which  call  into  action  the  vital  properties 
of  a  living  tissue,  tend  to  produce  its  decay,  when  it  no  longer  possesses 
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tlie  faculty  of  turning  them  (so  to  speak)  to  this  account;  and  thus  it  is 
that,  in  wax'm-blooded  animals,  the  cessation  of  those  changes  in  which 
life  consists,  immediately  leaves  the  way  clear  for  that  disintegration 
which  is  effected  by  Chemical  forces,  and  this  the  more  actively  as  the 
temperature  is  higher.  The  only  tissues,  indeed,  that  can  resist  the 
operation  of  these  forces,  ai-e  such  as,  in  virtue  of  then-  peculiar  compo- 
sition, are  not  readily  affected  by  them.  Thus  we  find  that  bones,  teeth, 
hairs,  etc.,  may  have  their  existence  almost  indefinitely  prolonged,  with- 
out any  sensible  degeneration,  after  the  complete  cessation  of  all  vital 
changes  in  tlieir  substance ;  since  that  very  consolidation  of  these  tissues, 
which  put  them  out  of  the  pale  of  active  life,  at  the  same  time  rendered 
them  less  subject  than  before  to  the  degrading  influence  of  Chemical 
agencies.  Even  the  softest  and  most  decomposable  of  the  tissues  may  be 
preserved  from  decay,  provided  that  they  are  either  kept  at  a  sufficiently 
low  temperature,  or  are  entirely  secluded  from  oxygen,  or  are  completely 
depi'ived  of  their  moisture;  either  of  which  conditions  is  incompatible 
with  the  persistence  of  vital  activity.  And  thus  it  happens  that  not  only 
the  seeds  of  Plants,  but  many  Animal  organisms  of  a  high  degree  of 
development,  may  be  kept  in  a  dormant  condition  for  an  unlimited 
period,  by  the  reduction  of  their  temperature  or  the  withdrawal  of  the 
liqixid  components  of  their  structure;  ready  for  a  renewal  of  their  vital 
activity,  whenever  the  deficient  conditions  may  be  supi^lied.* 

115.  The  different  behaviour  (to  use  a  term  now  natui'alized  in 
Chemical  Science)  of  the  living  and  of  the  dead  organism  under  the  same 
conditions,  is  commonly  accounted  for  by  the  supposition,  that  the  Vital 
force,  so  long  as  it  endures,  antagonizes  the  operation  of  the  Physical 
and  Chemical  agencies,  which  are  constantly  tending  to  the  disintegration 
of  the  living  structure ;  and  that,  so  soon  as  the  former  is  extinct,  the 
latter  can  exert  their  influence  without  restraint  or  opposition.  But 
against  this  doctrine,  several  cogent  objections  may  be  adduced.  For  in 
the  first  place,  the  conditions  most  favourable  to  the  decay  of  the  organism 
after  its  death,  are  those  which  are  not  only  most  favourable,  but  are 
absolutely  essential,  to  its  life,  whilst  it  retains  its  vital  properties ;  the 
presence  of  Water  being  requisite  for  all  the  transformations  which  the 
nuti'ient  materials  imdergo,  as  well  as  for  the  very  construction  of  a  cell ; 
the  presence  of  Oxygen  being  necessary  for  the  greater  number,  if  not  for 
the  whole,  of  the  chemical  actions  which  the  life  of  the  cell  involves;  and 
the  dynamical  agency  of  Heat  being  so  completely  indispensable,  that 
the  amount  of  Vital  Action  put  forth  may  be  almost  considered  as  the 
definite  equivalent  of  the  amount  of  this  power  that  is  in  operation.t 
But  if  more  than  a  certain  measure  of  these  powers  should  be  exerted, 
the  effect  is  not  beneficial,  but  injiu'ious,  to  the  living  organism,  which 
is  then  acted-on  as  if  it  wei'e  composed  of  dead  matter.  Thus  we  see 
that  whilst  to  eveiy  living  being  there  is  a  certain  range  of  temperature, 
more  or  less  limited,  within  which  its  vital  activity  is  normally  exercised, 
any  considerable  elevation  above  that  standard  occasions  a  perversion  of 
that  activity,  which  tends  to  its  destruction;  and  a  heat  sufficient  for  the 
decomposition  of  its  organic  constituents  is  not  less  eflfectual  in  producing 

*  See  "  Prin.  of  Phys.,  Gen.  and  Comp.,"  ch.ap.  hi.,  skit.  4. 

f  Up.  cit  ,  CHAP.  III.,  SECT.  3. 
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this  change  on  the  living  body,  than  it  is  on  the  dead.  So,  whilst  the 
respiration  of  atmospheric  air  is  necessary  for  almost  every  manifestation 
of  life,  the  introduction  of  undiluted  oxygen  into  the  system  is  speedily 
fatal,  appai-ently  through  the  violence  of  the  actions  which  it  excites. — So 
ag'ain,  if  we  observe  the  operation  of  other  agencies  than  those  to  which 
reference  has  hitherto  been  principally  made,  we  notice  that  they  either 
modify  its  vital  action,  or  entirely  destroy  its  vital  activity.  Thus,  a 
moderate  current  of  Electricity  appeal's  to  promote  or  retard  the  nutri- 
tive or  other  operations,  according  as  it  favours  or  antagonizes  the 
chemico-vital  changes  which  they  involve  ;*  whilst  a  violent  shock  is  at 
once  destructive  of  life,  a  more  powerful  discharge  being  required 
as  the  bulk  of  the  animal  is  greater.  So,  again,  we  find  that  various 
Chemical  agents  exert  a  very  definite  influence  on  the  living  body ;  their 
forces  not  being  kept  at  bay  by  its  Vital  powers,  but  manifesting  them- 
selves either  in  the  modification  of  its  vital  operations,  or  in  the  destruc- 
tion of  its  living  tissue.  Of  the  former  class  of  efiects,  we  have  a  good 
illustration  in  the  action  of  what  are  termed  the  irritant  poisons ;  these, 
for  the  most  part,  being  substances  which  are  known  to  have  a  definite 
chemical  relation  to  the  components  of  the  living  tissues,  and  which 
tend,  by  entering  into  new  combinations  with  them,  to  interfere  with 
those  changes  in  which  vital  activity  essentially  consists.  Thus  Arsenic 
and  Corrosive  Sublimate  form  combinations  with  Albumen,  of  such 
stability  that  they  are  among  the  most  perfect  preservatives  of  dead 
tissues  which  we  possess ;  and  hence,  even  if  they  do  not  absolutely  with- 
draw the  Albuminous  constituents  of  the  living  tissues  from  their  normal 
combinations,  they  tend  to  do  so,  and  by  thus  interfering  with  the  action  of 
the  vital  forces,  occasion  that  perversion  of  the  nutrient  operations  which 
manifests  itself  as  Inflammation.f  A  more  energetic  Chemical  action  is 
exerted,  however,  by  the  Corrosive  poisons,  which  operate  upon  the  living 
tissues,  not  in  modifying  their  vital  activity,  but  (by  completely  changing 
the  state  of  their  organic  constituents)  in  putting  a  complete  and  entire 
check  to  it ;  and  there  is  no  reason  to  regard  the  Chemical  changes  which 
they  occasion  in  the  li^'ing  tissues,  as  in  any  degree  different  from  those 
which  they  would  effect  on  substances  of  the  same  composition  not 
endowed  with  life.  A  still  more  remarkable  influence  is  exerted  by  those 
'  ferments '  or  Septic  poisons,  which  have  a  special  power  of  exciting  and 
promoting  decomposition  in  the  components  of  the  tissues  (§  19);  for  of 
these,  the  introduction  of  an  extremely  minute  quantity  into  the  organism 
is  sufficient  to  peiwert  or  even  to  destroy  its  entire  vital  activity.  Those 
of  the  less  potent  kind  appear  to  act,  not  by  at  once  checking  the  nutri- 
tive operations,  but  by  lowering  or  degrading  them;  accelerating  the 
stage  of  degeneration  in  the  tissues  which  are  already  in  a  state  of  vital 
activity,  and  preventing  the  newly-originating  tissues  from  attaining  their 
normal  perfection  either  of  structure  or  of  action,  so  that  the  degenera- 
tive stage  in  them  also  is  more  speedily  induced.  But  there  ai'e  some 
which  appear  to  be  capable  of  putting  an  almost  immediate  stop  to  all 
the  vital  operations  of  the  system,  in  virtue  of  the  changes  of  composition 
which  they  effect;  and  here  too  we  observe,  that  the  poisons  which  are 
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most  powerfully  destructive  of  life,  are  those  which  induce  the  most 
rapid  degradation  of  the  organic  components  of  the  tissues  to  the  state 
of  inorganic  compounds,  as  is  shown  by  the  very  speedy  decay  of  the 
bodies  of  those  who  have  died  from  the  bites  of  serpents,  mahgnant  fevers, 
&c.,  a  state  of  putrescence  manifesting  itself  in  many  instances  even  before 
life  is  extinct. 

116.  Thus,  then,  we  may  state  it  as  a  general  fact,  that,  so  far  ft-om  the 
Living  Organism  having  the  jiower  of  resisting  the  operation  of  Chemical 
and  Physical  Agencies,  it  is  completely  amenable  to  them:  but  that 
certain  of  them  exert  their  influence  upon  it  in  a  mode  very  different  from 
that  in  which  they  act  on  dead  matter,  affording,  in  fact,  the  material  and 
dynamical  conditions  requisite  for  the  maintenance  of  its  vital  activity ; 
whilst  others  modify  and  pervert  that  activity  without  destroying  it,  so 
as  to  give  rise  to  morbid  actions;  the  effects  of  others,  again,  being  so 
completely  antagonistic  to  all  vital  activity,  that  it  is  at  once  checked 
by  them.  And  we  shall  hereafter  see  reason  to  believe,  that  just  as  the 
unorganized  paMdum  provided  for  the  nutrition  of  the  structure,  is  con- 
verted by  the  act  of  Organization  into  the  living  cell,  so  the  Physical  and 
Chemical  forces  whose  influence  promotes  that  organization,  are  really 
metamorphosed  (so  to  speak)  into  Vital  power  by  the  instrumentality 
of  the  cell-gerin,  so  that  till  the  forms  of  '  cell-force'  are  thus  imme- 
diately derived  from  them.  It  is,  however,  inherent  in  the  very  nature 
of  the  living  organism,  that  this  instrumentality  should  only  persist  for 
a  limited  time.  The  changes  involved  in  the  process  of  organization 
have  the  effect  of  rendering  the  organic  structure  less  and  less  instru- 
mental in  determining  this  metamorphosis  of  force;  and  thus  a  time 
arrives,  when  the  capacity  of  development  is  exhausted,  and  when  the  phy- 
sical and  chemical  forces,  no  longer  turned  to  the  account  of  vital  activity, 
begin  to  exert  a  disintegrating  power.  Hence  in  the  Life  of  each  cell, 
there  is  a  period  in  which  its  peculiar  attributes  are  undergoing  augmen- 
tation, an  epoch  of  perfection,  a  period  of  decline,  and  an  epoch  of  entire 
cessation ;  and  the  latter  is  forthwith  succeeded  (save  in  the  exceptional 
cases  already  referred  to,  §  114),  by  the  decay  of  the  structui-e.  And  in 
proportion  to  the  degree  of  vital  energy  which  the  cell  possesses  (that  is,  to 
its  power  of  turning  Chemical  and  Physical  agencies  to  its  own  account, 
instead  of  being  itself  peiwerted  by  them),  will  it  be  able  to  resist  the 
operation  of  influences  which  tend  to  its  disintegration.  All  this  is  ti'ue, 
as  will  be  shown  hereafter  (sect.  3),  of  the  organism  at  large,  as  weU  as 
of  the  single  cell;  in  fact,  the  entire  organism,  commencing  in  a  single 
cell,  and  developed  through  the  multiplication  of  cells,  may  be  considered, 
even  at  its  fullest  development,  as  exhibiting,  distributed  (as  it  were) 
through  its  various  component  parts,  all  those  attributes  which  have  now 
been  described  as  characteristic  of  cells  in  general;  and  the  phenomena, 
not  merely  of  normal  life,  but  of  disease,  and  of  the  influence  of  morbific  and 
remedial  agents,  will  be  found  to  be  so  many  illustrations  of  the  doctrines 
now  enunciated.  It  is  indeed  surprising,  that  with  this  mass  of  familiar 
facts  continually  presenting  themselves  to  the  observation  of  Physiolo- 
gists, any  such  doctrine  should  have  held  its  ground,  as  that  the  living 
organism  withdraws  its  components  from  the  domain  of  Physical  and 
Chemical  forces;  and  only  restores  them  to  the  authority  of  these,  when 
it  has  itself  lost  the  supremacy  of  the  "  Vital  Principle "  or  "  Organic 
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Agent"  which  was  supposed  to  hold  possession  of  the  living  organized 
body. 

117.  Of  Free  Nuclei  and  their  Actions. — Although  the  'Cell'  has  been 
spoken  of  as  the  type  of  organic  structure,  and  the  '  Cell-force '  as  the 
most  general  form  of  vital  agency,  yet  it  must  not  be  left  out  of  view  that 
there  is  sti'ong  evidence  of  the  presence  of  similar  attributes  in  bodies 
resembling  cell-nuclei,  which,  although  they  may  never  go  on  to  be  deve- 
loped into  cells,  appear  to  be  the  instruments  of  vital  operations  of  a  very 
determinate  kind.  This  is  especially  the  case,  as  first  pointed  out  by  Mr. 
Simon,*  in  the  case  of  the  so-called  "  Vascul^ir  Glands,"  whose  elaborating 
influence  is  exercised  upon  materials  which  are  withdrawn  from  the  cur- 
rent of  the  circidation  only  to  be  restored  to  it  again ;  there  being  here 
obviously  not  the  same  necessity  for  a  limitary  membrane,  as  where  the 
material  di'awn  by  the  nucleus  of  the  secreting  cell  around  itself,  is 
destined  to  be  completely  separated  and  to  be  cast  forth  through  another 
channel.  There  are  various  cases,  however,  even  among  the  ordinary 
secreting  stnictm-es,  in  which  the  cell- membrane  seems  to  be  wanting, 
free  nuclei  being  found  both  in  the  organ  and  in  the  secreted  fluid  j 
this  is  especially  the  case,  for  example,  in  the  gastric  glands.  And  gene- 
rally it  may  be  remarked,  as  Mr.  Simon  has  pointed  out  {loc.  cit),  that 
the  cell-wall  of  secreting  cells  is  much  less  perfectly  formed  than  that  of 
the  cells  which  are  to  remain  as  components  of  the  solid  tissues,  and  has 
a  much  greater  tendency  to  deliquescence,  whereby  the  contents  of  the 
cell  are  set  free. — Again,  the  presence  of  nuclei  appears  to  exert  an  influ- 
ence, as  will  be  presently  shown,  on  the  production  fibres  in  the  midst 
of  ah  organizable  blastema;  and  there  seems  reason  to  think,  also,  that 
the  yellow  or  elastic  fibres  are  formed  by  the  linear  extension  of  the 
nuclei  themselves  (§  224).  Some  forms  of  "basement-membrane,  too,  seem 
to  be  composed  of  aggTegations  of  nuclear  particles,  which  not  improbably 
serve  as  the  instruments  of  promoting  vital  operations  in  organizable  fluids 
in  their  proximity. — These  facts  concur  with  those  already  cited  (§  102), 
to  support  the  view  that  the  nucleus  is  that  component  of  the  Cell,  through 
which  its  pecidiar  powers  are  chiefly  exerted. 

118.  Of  Simple  Fibres  ;  their  Formation  and  Fro'perties. — That  all  the 
Animal  tissues  have  their  origin  in  Cells,  so  that  even  the  widest  diversi- 
ties of  type  are  reducible  to  the  same  category,  was  the  doctrine  originally 
put  forth  by  Schwann,  who  first  attempted  to  generalize  the  phenomena 
(most  of  them  discovered  by  his  own  observations)  which  are  presented  by 
their  developiuent.  By  subsequent  research,  however,  it  has  been  shown 
that  this  statement  was  too  hasty;  and  that,  although  many  of  the  tissues 
retain  their  primitive  cellular  type  through  life,  and  many  more  are 
evidently  generated  from  cells  which  subsequently  undergo  metamor- 
phosis, there  ai'e  some  in  which  scarcely  any  other  cell-agency  can  be 
traced,  than  that  concerned  in  the  preparation  of  the  plastic  material. 
This  would  seem  to  be  the  case  especially  with  those  Simple  Fibrous  I' is- 
sues, hereafter  to  be  described  (chap,  v.,  sect.  1),  which  make  up  a  very 
considerable  proportion  of  the  bulk  of  the  body.  For  although  it  seems 
mdul)itable  that  they  may  be  formed  by  the  transformation  of  cells,  and 
although  they  probably  are  thus  generated  in  the  first  development  of  the* 
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organism,  yet  their  subsequent  production  (especially  in  the  reparation  of 
injuries  under  favourable  circumstances)  seems  to  be  effected  by  the 
fibrillation  of  an  'organizable  blastema'  (§§  26-28).  Even  here  the 
course  and  direction  of  the  fibres  seem  often  to  be  determined  by  the 
nuclear  particles  which  the  fibrillating  substance  includes;  for  in  the 
reproduction  of  tendinous  tissue,  as  observed  by  Mr.  Paget,*  the  nuclei  ai-e 
formed  and  become  elongated  before  any  fibrillation  is  visible,  and  the 
fibrillation  takes  place  in  the  direction  in  which  they  lie,  so  that  each 
nucleus  is  imbedded  in  a  fasciculus  of  fibres ;  and  a  similar  relation  has 
been  pointed  out  by  Mr.  j^ddison,t  who  has  remarked  that  the  fibres 
which  are  formed  during  the  coagulation  of  the  Liquor  Sanguinis  or  in 
other  plastic  exudations,  often  seem  to  radiate  from  the  cells  or  nuclear 
corpuscles  which  these  fluids  may  contain  (Fig.  9).    These  facts  give  a 

sufficient  explanation  of  the  presence  of  nuclei 
in  the  midst  of  the  simple  fibrous  tissues, 
which  has  been  adduced  in  support  of  the 
doctrine  of  their  origin  in  cells.  — A  very 
marked  example  of  the  production  of  fibres  in 
the  midst  of  an  organizable  substance,  without 
any  direct  intervention  of  cells,  is  afforded  by 
Fihro-Cartilage ;  the  various  forms  of  which 
present  every  gi-adation  between  the  perfectly 
homogeneous  intercellular  substance  of  ordi- 
nary Cartilage  (Fig.  41)  and  a  distinct  fibrous 
tissue  (Fig.  42).  Here,  too,  it  is  possible  that, 
although  the  fibres  do  not  themselves  originate 

Cells  with  radiating  Fibres,  from  transformation  of  coUs,  the  cells  of  the 

the  fluid  of  the  vesicles  of  Herpes  cartilage  may  cxcrt  such  a  determining  agency 
"  in  then'  production,  as  appears  to  proceed  fi.'om 

the  nuclei  in  the  cases  previously  refeiTed  to. — Of  all  the  varieties  of 
Fibrous  tissue  thus  generated,  it  may  be  stated  that  their  function  is 
simply  mechanical ;  that  consequently  the  performance  of  that  function 
does  not  depend  upon  a  continuance  of  vital  activity;  and  that  they  do 
not  seem  to  possess  that  power  of  self-formation  which  is  characteristic  of 
the  cellular  tissues,  but  for  the  most  part  depend,  for  their  production, 
maintenance,  and  regeneration  after  injuiy,  upon  the  formative  power  of 
the  Blood  (§  224). 

119.  Of  Simple  Membrane;  its  Formation  and  Properties. — In  many 
parts  of  the  Animal  body,  we  meet  with  membranous  expansions  of 
extreme  delicacy  and  transparency,  in  which  no  definite  structure  can  be 
discovered;  and  these  seem,  like  the  simple  fibres  just  described,  to  have 
been  formed  rather  directly  from  the  nutritive  fluid,  than  indii-ectly  by 
any  process  of  transformation.  The  characters  of  this  kind  of  membrane 
were  first  pointed  out  by  Mr.  Bowman,^  and  Prof  Goodsir.;§  by  the 

*  '  Lectures  on  the  Processes  of  Repair  and  Reproduction  after  Injuries,'  in  "  Medical 
Gazette,"  1849,  vol.  xliii.  p.  1071. 

+  "  Second  Series  of  Experimental  Researches  on  the  Process  of  Nutrition  in  the  Li^^ng 
Structure,"  p.  5  ;  and  "  Third  Series,"  p.  7. 

X  See  his  Memoir  '  On  the  Structure  and  Uses  of  the  Malpighian  Bodies  of  the  Kidney' 
in  the"Philos.  Transact.,"  1U42  ;  and  the  "Cyclopaedia  of  Anatomy  and  Physiology," 
vol.  iii.,  Art.  '  Mucous  Membrane.' 

§  "  Anatomical  and  Pathological  Observations,"  p.  3. 
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former  of  whom  it  was  named  basement-memhrime,  as  being  the  founda- 
tion or  resting-place  for  the  epithelial  or  epidermic  cells  which  usually  lie 
upon  its  free  surftice ;  whilst  by  the  latter  it  was  termed  tlie  ^jrM?iar?/  or 
g'erminal  membrane,  as  furnishing  (in  his  oj)inion)  the  germs  of  those 
cells. — In  its  very  simplest  form,  the  basement-membrane  is  a  pellicle  of 
such  extreme  delicacy,  that  its  thickness  scarcely  admits  of  being  mea- 
siu'ed;  it  is  to  all  appearance  perfectly  homogeneous,  and  presents  not 
the  slightest  trace  of  structure  under  the  highest  powers  of  the  micro- 
scojDe,  appearing  like  a  thin  film  of  coagulated  gelatine.    Examples  of 
this  kind  may  easily  be  procured,  by  acting  on  the  inner  layer  of  any 
bivalve  shell  with  dilute  acid ;  this  dissolves  away  the  calcareous  matter, 
and  leaves  the  basement-membrane.    In  other  cases,  however,  the  mem- 
brane is  not  so  homogeneous ;  a  number  of  minute  granules  being  scat- 
tered, with  more  or  less  of  uniformity,  thi'oiigh  the  transparent  substance. 
And  we  not  unfrequently  find,  in  the  place  of  these  uniformly-distributed 
granules,  a  series  of  distinct  spots,  arranged  at  equal  or  variable  distances, 
and  lying  in  different  directions ;  of  this  Prof.  Goodsir  has  adduced  a  good 
example  in  the  membrane  of  the  intra-glandular  lymphatics.'*  Moreover, 
the  membrane  thus  constituted  is  disposed  to  break  up  into  portions  of 
equal  size,  each  of  which  contains  one  of  these  spots ;  whilst  in  the  more 
homogeneous  forms  previously  described,  no  appearance  of  any  definite 
arrangement  is  perceptible  when  they  are  torn.    Hence  it  would  seem  as 
if  the  first  and  simplest  form  were  produced  by  the  simple  consolidation 
of  a  thin  layer  of  homogeneous  fluid;  the  second  by  a  layer  of  such  fluid, 
including  nuclear  particles ;  and  the  third  by  the  coalescence  of  flattened 
cells,  whose  further  development  has  been  checked,  but  whose  nuclei  may 
stiU  continue  to  perform  then'  characteristic  functions. — It  is  probable 
that  the  primary  membrane  exists,  under  ouq.  or  other  of  these  forms,  on 
all  the  free  surfaces  of  the  body ;  though  it  cannot  be  everywhere  demon- 
strated.   Thus  it  appears  to  constitute  the  outer  layer  of  the  true  Skin, 
lying  between  its  fibrous  substance  and  the  epidermis;  it  lines  all  the 
cavities  formed  by  Mucous  membranes,  and  is  prolonged  into  all  the  ducts 
and  ultimate  follicles  and  tubuli  of  Glands  which  are  connected  with 
them,  being,  indeed,  with  the  exception  of  the  epithelial  cells  which  cover  ' 
its  inner  sm'face,  the  sole  constituent  of  some  of  these ;  it  forms  the  inner- 
most layer,  also,  of  the  Serous  and  Synovial  membranes,  there,  also,  sup- 
porting the  epithelium;  and  it  lines  the  blood-vessels  and  lymphatics, 
foiTuing  the  sole  constituent  of  the  walls  of  their  minutest  divisions.  In 
all  these  cases,  its  fimction  appears  to  be,  in  part  at  least,  the  limitation 
of  the  too  free  transudation  of  fluid ;  a  sufficient  amount  being  allowed  to 
pass,  however,  for  the  wants  of  the  tissues  which  it  cuts  off  from  direct 
relation  with  the  blood.    Thus,  the  epidermic  and  epithelial  cells  of  the 
skin,  mucous  membranes,  &c.,  draw  their  nourishment,  through  the 
basement-membrane  on  which  they  rest,  from  the  vessels  of  the  subjacent 
tissue ;  just  as  the  tissues  which  are  themselves  permeated  by  capillary 
vessels,  can  only  draw  nutrient  materials  from  the  interior  of  the  latter, 
through  the  membrane  which  constitutes  their  walls. — But  it  seems  pro- 
bable that  this  membrane  usually  performs  a  much  more  important  office, 
than  that  of  simply  limiting  the  fliuds,  whilst  allowing  the  requisite  degree 

•  "Anatomical  and  Physiological  Observations,"  pp.  4f),  47. 
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of  transudation ;  for  there  is  strong  reason  to  believe,  that  it  has  an  impor- 
tant instrumentality  in  the  production  of  the  cells  which  are  continually 
originating  on  its  surface,  either  by  itself  furnishing  their  germs,  or  (in 
the  case  of  the  epidermis)  by  promoting  the  development  of  cells  de  novo 
in  the  organisable  blastema  which  lies  beneath  its  deepest  layers.  The 
mode  in  which  these  cells  originate,  however,  will  become  the  subject  of 
discussion  hereafter  (chap,  v.,  sect.  2). 

2.  Of  Vital  Force,  and  the  Conditions  of  its  Exercise. 

120.  When  we  pass  from  the  mere  obsei'vation  of  the  elementaiy  phe- 
nomena of  Life,  described  in  the  previous  section,  to  the  search  for  their 
causes,  we  find  that,  as  in  other  cases,  the  conditions  of  all  Vital  changes 
are  twofold,  namely,  material  and  dynamical  (introduction,  p.  3);  — 
the  former  consisting  in  the  due  supply  of  the  appropriate  pabulum  for 
the  develoiDment  of  organic  structure ;  the  latter,  in  the  exercise  of  a  force 
or  power  whereby  this  is  organized  and  vitalized. — The  Animal  cell  cannot, 
like  that  of  the  Plant,  generate  its  pabulum  for  itself  out  of  the  inorganic 
elements  around  it;  but  is  dependent  upon  that  which  has  been  prej)ai'ed 
for  it;  and  in  Man,  as  in  all  the  higher  forms  of  Animal  existence,  this 
pabulum  is  furnished  to  each  gi'owing  part  by  the  circulating  fluid,  which 
lias  been  prepared  by  previous  operations.  It  is  the  essential  character  of 
this  fluid,  that  it  contains  the  materials  ready  to  be  appropriated  by  the 
walls  and  nuclei  of  cells,  which  are  probably,  as  we  have  seen,  of  uniform 
composition ;  and  the  material  of  the  simple  fibres  and  membranes,  also, 
is  yielded  by  the  essential  components  of  the  blood,  in  a  state  in  which  it 
seems  readily  to  undergo  the  requisite  transformation.  The  contents  of 
the  various  groups  of  ceUs  forming  part  of  the  organism,  are,  however, 
extremely  varied;  and  no  particular  order  of  these  can  be  generated,  imless 
the  nutritive  fluid  contain  the  materials  for  them,  either  ready  formed, 
or  in  a  state  in  which  the  cell  itself  can  produce  them  by  a  process  of 
chemical  transformation.  Thus,  Adipose  tissue  cannot  be  formed,  unless 
there  be  fatty  matter  in  the  blood ;  the  Red  Corpuscles  cannot  be  pro- 
duced without  a  suppl}?-  of  iron ;  the  Secreting  cells  of  the  Kidney  require 
for  then*  development  a  supply  of  urinaiy  matter; — and  so  on.  But 
further,  there  is  evidence  that  the  presence  of  a  particular  substance  in 
the  nutrive  fluid  determines  the  development  of  the  particular  kind  of  cell 
of  which  it  is  the  appropriate  pabulum,  provided  that  the  other  requisite 
conditions  are  supplied.  Thus,  an  increase  of  Adipose  tissue  takes  place, 
when  the  blood  habitually  contains  an  unusual  amount  of  fat;  an  aug- 
mentation in  the  proportion  of  the  Red  Corpuscles  of  the  blood  may  be 
distinctly  observed  (especially  if  they  have  been  previously  diminished 
unduly),  when  an  additional  supply  of  u-on  is  afibrded  (§  174);  and  when 
one  of  the  kidneys  has  been  removed,  or  is  prevented  by  disease  from  per- 
forming its  normal  duty,  the  other,  if  it  remain  healthy,  undergoes  an 
extraordinary  increase  in  size,  so  as  to  perform  the  duty  of  both  organs, 
the  augmented  development  of  its  secreting  structm-e  being  here  also 
fiihly  attributable  to  the  accumulation  of  its  appropriate  materials  in  the 
blood.  Tills  principle  is  one  most  fertile  in  Pathological  applications; 
for  there  can  be  little  doubt  that  the  development  of  many  morbid 
growths  is  due,  not  so  much  to  a  perverted  local  action,  as  to  the  presence 
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of  certain  morbid  matters  in  the  blood,  which  determines  the  formation  of 
tissues  that  use  them  as  their  appropriate  pabuhim.  Such  is  pretty  obvi- 
ously the  case  with  those  disorders,  which  (like  the  Exanthemata)  are 
univei-sally  admitted  to  be  of  '  constitutional'  character,  and  which  are 
distinctly  traceable  to  a  poison  introduced  through  the  blood,  whose  first 
influence  is  exerted  in  modifying  the  physical  and  vital  properties  of  that 
fluid;  and  the  evidence  has  been  of  late  accumulating,  that  it  is  true 
also  of  the  various  forms  of  Cancer,  the  local  development  of  an  abnormal 
structm-e  being  in  this  case,  also,  nothing  else  than  the  manifestation  of 
the  existence  of  that  pecidiar  matter  in  the  blood,  which  is  the  appropriate 
nutriment  of  its  component  tissues,  —  or,  as  Mr.  Simon  appropriately 
designates  it,  "  a  new  excretory  organ,  which  tends  essentially  to  acts  of 
elimiuative  secretion,  just  as  distinctly  as  the  healthy  liver  or  the  healthy 
.kidney."* 

121.  But  however  abundant  may  be  the  supply  of  the  nutritive  mate- 
rials, and  however  complete  may  be  their  preparedness  for  organization, 
they  can  no  more  become  organized  into  cells  by  their  own  powers,  than 

I  a  mass  of  h"on  could  shape  itself  into  a  steam-engine  or  a  spinning-jenny. 
They  need  to  be  acted-on  by  the  appropriate /orce;  and  this  we  have  seen 
to  be,  in  the  fii'st  place,  the  vital  power  of  a  pre-existing  organism.  For 
.  whether  new  cells  are  formed  by  the  subdivision  of  previous  cells,  or 
;  sprout  from  the  gTanules  of  their  nuclei  (either  within  the  parent-cell,  or 
i  after  being  set  free  from  it),  or  originate  in  an  organizable  blastema,  we 
]  trace  that  influence  everywhere  exerted.    When  the  cell  reaches  a  certain 
stage  of  its  development,  however,  it  becomes  self-dependent ;  being 
.  capable  of  maintaining  its  own  life,  if  the  material  conditions  be  supplied, 
s  without  the  assistance  of  vital  force  imparted  to  it  from  without ;  and  in 
.  its  turn,  it  comes  to  impart  a  similar  power  tO  the  germs  which  it  may 
It  itself  prepare,  or  to  the  plastic  fluid  which  it  may  assist  in  elaborating. 

122.  But  the  question  next  arises,  what  is  the  original  source  of  that 
Organizing  force,  which  the  cell  receives  during  the  early  stage  of  its 

i  development,  and  which  it  subsequently  itself  exerts  upon  the  nutrient 

'  matter  it  appropriates  1  And  to  this  question  it  seems  now  possible  to 
give  a  more  satisfactory  answer,  than  that  with  which  Physiologists  were 
formerly  obliged  to  satisfy  themselves.    For  it  was  maintained  by  some, 

:  that  the  germ  of  every  living  being  contains  within  itself  the  whole  of  the 
force  necessary  to  accomplish  the  organization  of  its  fabric,  and  to  impart 
to  each  portion  of  it  the  peculiar  powers  with  which  it  is  endowed :  an 
obvious  objection  to  which  doctrine  is,  that,  if  this  be  true,  not  only  must 

f  the  germ  contain  the  whole  vital  force  of  the  fabric  into  which  it  is 
evolved,  but  also  that  which  it  imparts  to  its  descendants ;  so  that  the 
first  individual  of  a  race  must  have  concentrated  within  itself  the  vital 
force  of  its  entire  posterity, — a  palpable  reductio  ad  ahsiirdum.  To 

•  escape  from  this  difficulty,  it  has  been  alleged  that  the  vital  forca  with 
which  matter  becomes  endowed  by  the  process  of  organization,  previously 

"  existed  in  it  in  a  latent  or  dormant  state,  and  is  made  sensible  when  the 
nutrient  matter  is  incorporated  into  a  living  fabric.  This  doctrine  could 
claim  no  higher  value  than  that  of  a  mere  hypothesis ;  and  it  rested  on 

•  See  Mr.  Simon's  "  Lectures  on  General  Pathology,"  pp.87,  152;  and  Mr.  Paget's 
Lectures  on  luHiimmalion,'  in  "Medical  Gazette,"  1851,  vol.  xlv.  p.  92. 
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the  idea  that  latent  or  dormant  force  of  other  kinds  (such  as  Heat)  had  a 
real  existence, — an  idea  of  which  a  more  logical  appreciation  of  the  facts 
of  science  has  completely  exposed  the  fallacy.  For  it  is  now  coming  to 
be  generally  acknowledged,  that  all  force  must  (from  its  very  natm*e)  be  I 
active  in  some  mode  or  other ;  that  force  can  neither  originate  de  novo,  nor 
cease  to  be  operative  under  some  foi'm ;  and  that  in  every  case  in  which 
force  seems  to  be  annihilated,  it  merely  changes  its  modus  ojoerandi.  Thus, 
when  Motion  is  retarded  by  friction.  Heat  is  generated,  with  Electricity 
in  addition  whenever  the  rubbing  surfaces  are  otherwise  than  perfectly 
homogeneous;  so  when  Heat  is  caused  to  vaporize  water,  it  no  longer 
manifests  itself  as  Heat,  but  in  the  form  of  mechanical  power  which  pro- 
duces Motion ;  and  the  discharge  which  restores  the  Electric  equilibrium, 
is  in  like  manner  attended  with  the  development  of  Mechanical  force.  It 
will  be  found  that,  in  all  instances  in  which  such  a  conversion  or  meta- 
morphosis of  force  takes  place,  some  material  substratum  is  required  as  its 
instrument.  This  may  be,  in  some  cases,  of  almost  any  description  what- 
ever ;  as  when  Heat  is  produced  by  the  friction  (or  retarded  motion)  of 
solids,  liquids,  or  even  gases ;  or  when  Motion  (as  shown  in  expansion)  is 
produced  by  the  aiDplication  of  heat  to  any  kind  of  material  substance. 
But  in  other  cases,  the  change  can  only  be  effected  through  some  S2)ecial 
kind  of  instrument;  or,  if  several  substances  may  serve  as  its  medium, 
there  is  some  one  which  is  greatly  superior  to  every  other,  in  the  readiness 
wdth  which  a  certain  force  manifests  itself  through  it.  '  Thus,  iron  is  the 
substance  through  which  an  Electric  current  can  best  develope  Magnetic 
force;  a  combination  of  bismuth  and  antimony  is  that  through  which 
Heat  can  best  generate  Electricity;  and  the  affection  of  Light  by  Mag- 
netism, though  producible  through  any  transparent  medium  (but  not 
through  a  vacuum),  can  be  made  much  more  obvious  when  the  mag' 
netism  is  made  to  act  upon  a  glass  composed  of  vitrified  borate  of  lead, 
than  through  the  medium  of  any  other  substance  yet  known.  It  is, 
indeed,  on  this  speciality/  in  the  action  of  different  substances,  when  sub- 
jected to  the  influence  of  the  same  forces,  that  our  notion  of  their 
projoerties  entirely  rests ; — and  to  say  that  all  matter  which  is  capable  of 
becoming  organized  possesses  'vital  properties,'  is  m'erely  to  afi&rm  in 
other  words,  that  it  is  capable  of  being  made  a  part  of  a  living  structure, 
and  of  becoming  the  instrument  of  operating  after  the  same  fashion 
upon  other  matter, — leaving  the  question  as  to  the  source  or  origin 
of  the  force  which  thus  changes  it,  or  by  which  it  induces  changes  in 
other  matter,  just  where  it  was. 

123.  The  doctrines  which  have  been  just  now  glanced  at,  as  expressing 
the  present  aspect  of  Physical  Science,  whilst  they  indicate  the  fallacy  of 
some  of  what  have  been  considered  the  established  principles  of  Physio- 
logy, conduct  us  at  the  same  time  to  a  new  and  more  satisfactory  solution 
of  the  problem.  Looking  at  the  phenomena  of  Life  from  the  same  point 
of  view  as  that  from  which  we  are  now  taught  to  regard  those  of  Physical 
Science, — namely,  as  the  results  or  manifestations  of  a  certain  kind  of  force, 
acting  through  those  forms  of  matter  which  we  term  organized, — we  are 
further  led  to  seek  for  its  source,  not  in  the  organism  itself,  but  in  some 
power  external  to  it.  And  this  power  we  find  in  those  Physical  agencies, 
Light,  Heat,  and  Electricity,  which  have  been  commonly  accounted 
"  Vital  Stimuli;"  their  operation,  either  singly  or  in  combination,  having 
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lono-  been  recognized  as  necessary  to  enable  an  organized  structure 
to  manifest  vital  phenomena.  Thus,  LigJit,  acting  upon  the  living  Vege- 
table cell,  makes  it  the  instrument  of  decomposing  carbonic  acid,  water, 
and -ammonia,  and  of  generating  organic  compounds  which  the  Chemist 
has  not  yet  been  able  to  imitate ;  and  the  amount  of  carbonic  acid  thus 
decomposed  has  been  found  to  bear  a  constant  ratio  (cceteris  i^fX'Tihus)  to 
the  illuminating  power  of  the  rays  which  it  receives.*    The  agency  of 

■  light,  however,  is  chiefly  exerted  in  preparing  the  pabulum  to  be  appro- 
priated by  the  organism ;  and  we  see  in  the  germinating  seed,  that  where 
this  has  been  previously  elaborated,  light  is  not  required  for  its  conversion 
into  living  tissue.  But  for  this  purpose,  a  certain  measure  of  Heat  is 
requu'ed;  and  the  rate  of  germination,  that  is,  the  rate  at  which  the 

1  organizable  material  is  converted  into  living  tissue,  is  determined  (within 

■  certain  limits)  by  the  degree  in  which  that  agent  is  in  operation.  In  the 
'  Animal  kingdom,  for  which,  as  for  the  germinating  seed,  the  nutrient 

material  is  already  provided  by  a  pre-existing  vegetation,  the  dynamical 
^  influence  of  Light  is  of  comparatively  little  importance ;  but  we  have 
.  abundant  evidence,  in  the  life  of  the  'cold-blooded'  tribes,  which  are 

destitute  of  the  power  of  maintaining  an  independent  temperature,  that 

the  rate  of  vital  activity,  as  manifested  both  in  the  phenomena  of  growth 
.  and  development,  and  in  the  production  of  nervo-muscular  force,  is 

determined  (within  certain  limits)  by  the  amount  of  Heat  to  which  the 
1  individual  is  subjected.  This  dependence  is  no  less  real  and  immediate 
:  in  the  case  of  warm-blooded  animals ;  but  it  is  rendered  less  apparent  by 

■  the  imiformity  of  temperature  which  they  are  enabled  to  sustain.  Of  the 
d  degree  in  which  the  ordmary  phenomena  of  Life  are  dependent  upon 

Electricity  acting  upon  the  organism  from  without,  we  as  yet  know  next 
'  to  nothing;  the  mode  in  which  they  are  affectad  l3y  this  agent  not  having 
i  been  yet  precisely  determined.  It  can  scai'cely  be  doubted,  however, 
\'  from  what  is  known,  that  it  stands  in  very  close  relation  to  Vital  force, 
1  and  is  capable  of  exerting  an  extremely  powerful  influence  upon  its 
'  operations. 

124.  It  seems,  then,  to  be  a  legitimate  expression  of  the  dynamical 
conditions  requisite  for  the  production  of  the  phenomena  which  we  dis- 
tinguish as  Vital,  to  say  that  they  are  dependent,  directly  or  indirectly, 
upon  the  Physical  forces  peiwading  the  Universe ;  which,  acting  through 
organized  structm'e  as  their  '  material  substratum,'  manifest  themselves  as 
*  Vital  Force,  one  of  the  most  characteristic  operations  of  this  being  the 
production  of  new  tissue,  which  in  its  turn  may  become  the  instrument 
of  a  similar  metamorphosis.  And  we  have  the  same  kind  of  evidence, 
that  Light  and  Heat  acting  upon  the  organic  germ,  become  transformed 
into  Vital  force,  which  we  possess  of  the  conversion  of  Heat  into  Elec- 
tricity by  acting  on  a  certain  combination  of  Metals,  or  of  Electricity  into 
Magnetism  by  being  passed  round  a  bar  of  iron,  or  of  Heat  or  Electricity 
into  Motion  when  their  self-repulsive  action  separates  the  particles  of 
matter  from  each  other.  For  we  shall  presently  find,  that  just  as  Heat, 
Light,  Chemical  Affinity,  &c.,  are  transformable  into  Vital  force,  so  is 
Vital  force  capable  of  manifesting  itself  in  the  production  of  Light,  Heat, 
Electricity,  Chemical  Affinity,  or  Mechanical  Motion;  thus  completing 

•  See  Prof.  Draper  "  On  tlic  Forces  wliich  produce  the  Organization  of  Plants,"  p.  177. 
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the  proof  of  that  mutual  relationship,  or  '  coirelation,'  which  has  been 
shown  to  exist  among  the  Physical  and  Chemical  forces  themselves. 

125.  In  order,  however,  to  arrive  at  a  definite  and  complete  conception 
of  the  source  of  Vital  force  in  the  Human  Organism,  it  will  be  necessary  to 
examine,  a  little  more  in  detail,  into  the  reciprocal  relations,  material  and 
dynamical,  which  subsist  between  the  Animal  and  Vegetable  kingdoms, 
and  between  these  and  the  Inorganic  world. — The  Plant,  when  acted-on 
by  Light,  forms  certain  organic  compounds,  at  the  expense  of  the  watci' 
carbonic  acid,  and  ammonia  of  the  soil  and  atmosphere,  decomposiui; 
these  binary  compounds  into  their  four  elements,  and  uniting  these  again 
into  ternary  and  quaternaiy  combinations  of  a  veiy  peciiliar  character ; 
and  the  Light,  by  whose  agency  alone  this  process  can  be  effected,  may  be 
considered  as  metamorj^hosed  into  the  joeculiar  affinity,  or  chemical  force, 
by  which  the  elements  of  these  compounds  are  held  together.*  TLi 
pabulum  thus  generated  is  applied  by  the  Vegetable  organism  to  tb' 
extension  of  its  own  structure,  the  vital  force  requisite  for  this  pui-posi 
being  sustained  by  Heat  acting  ah  externa ;  and  thus  the  fabric  may  be 
augmented  to  an  almost  unlimited  extent,  every  increase  of  surface  afford- 
ing a  new  instrument  for  the  agency  of  light,  and  thus  affording  the 
conditions  requisite  for  the  production  of  an  additional  amount  of  organii 
compounds.  The  whole  nisiis  of  vegetable  life  may  be  considered  a 
manifesting  itself  in  this  production ;  and,  in  effecting  it,  each  organism 
is  not  only  drawing  material,  but  force,  from  the  universe  around  it. 
Supposing  that  no  Animals  existed  to  consume  these  organic  compoxmds. 
they  would  be  all  at  last  restored  back  to  the  inorganic  condition  1 1; 
spontaneous  decay,  which  would  reproduce  the  water,  carbonic  acid,  ami 
ammonia,  from  which  they  were  at  first  generated.  In  this  decay,  how- 
ever slow,  light  and  heat  woidd  be  given  out,  in  the  same  amount  as 
when  more  evidently  produced  in  the  ordinary  combustive  process;  and 
we  do  in  fact  observe,  that,  during  certain  phases  of  vegetation  (namely, 
gei-mination  and  flowering)  a  sensible  amount  of  Heat  is  produced  by  many 
plants  as  one  of  the  ordinary  phenomena  of  their  lives.  Light  also  beiut: 
occasionally  manifested. t  Moreover,  spontaneous  movements  are  some- 
times to  be  observed  in  Plants,  under  circumstances  which  indicate  that 
they  are  to  be  considered  as  manifestations  or  expressions  of  Vital  force : 
and  thus  the  Vegetable,  even  dm-ing  its  life,  may  restore  to  the  Univers' 
some  portion  of  the  forces  which  it  has  derived  from  it  imder  other  forms. 
It  is  only,  however,  when  the  complete  conversion  of  the  organic  com- 
poimds  it  has  formed,  into  the  binaiy  compoimds  which  frmiished  their 
materials,  has  taken  place,  that  the  Plant  can  be  considered  as  having 
wholly  given  back  the  forces  which  it  consumed  in  their  first  production  : 
and  this  period  may  be  almost  indefinitely  postponed  by  the  preservation 
of  these  substances;  so  that  in  fact  it  is  only  now,  that  Man,  whilst  con- 
suming the  stores  of  Coal,  which  have  been  prepared  for  his  use  by  the 
luxuriant  Flora  of  past  ages,  is  reproducing  and  applying  to  his  own  pm  - 

*  That  Light,  or  some  component  of  it,  ceases  to  exist  as  such,  when  it  thus  operate 
upon  living  Vegetable  surfaces,  is  shown  by  the  curious  fact,  that  such  surfaces  are  ahva} 
represented  in  Photographic  pictures  as  if  they  were  black,  that  is,  as  if  they  received  < 
reflected  no  light  at  all ;  hence  these  pictures  can  be  made  to  afiord  much  more  faithtul  ri 
presentations  of  buildings,  figures,  &c.  than  they  can  do  of  the  ordimu-y  face  of  Nature. 

+  See  "  Prin.  of  Phys.,  Gen.  and  Comp."      G07,  616. 
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poses  the  Light  and  Heat  which  sustained  the  vegetable  life  of  the  Carbo- 
niferous period,  whilst  returning  to  the  atmosphere  the  water,  carbonic 
acid,  and  ammoina,  which  were  then  withdrawn  from  it. 

126.  But  the  Organic  Compounds  which  the  agency  of  Light  and  Heat 
upon  the  Vegetable  fabric  has  produced,  are  designed  for  a  much  higher 
purpose  than  that  of  being  merely  given  back  to  the  Inorganic  universe 
by  decay  or  combustion;  and  the  forces  which  hold  together  their  ele- 
ments have  a  much  more  exalted  destiny.  In  serving  as  the  food  of 
Animals,  a  part  of  these  compounds  become  the  materials  of  their  organ- 
ized tissues,  and  the  instruments  by  which  their  various  forms  of  Vital 
power  are  exercised;  and  in  the  greater  number  of  Animals,  as  in  the 
germinating  seed,  the  Heat  which  is  supplied  from  without  may  be 
looked  upon  as  the  ultimate  source  of  the  power  by  which  the  organizing 
process  is  carried  on. — Thus,  during  the  whole  period  of  growth  and 
development,  there  is,  as  in  the  Plant,  a  continual  augmentation  in  the 
amount  of  Vital  action  performed ;  and  the  increase  of  this  would  be  unli- 
mited, were  it  not  checked  by  a  process  of  a  converse  character.  For  the 
peculiar  activity  of  Animals  consists,  not  in  the  phenomena  of  vegetative 
gi'owth,  but  in  the  performance  of  movements,  through  the  instrumen- 
tality of  the  nervo-muscular  apparatus,  which  is  built  up  by  the  organ- 
izing process ;  and  the  execution  of  these  movements  involves  an  expen- 
diture of  Vital  force,  as  manifested  in  the  death  and  disintegration  of  the 
nervo-muscular  tissues,  which  appears  to  be  in  strict  relation  to  the 
amovmt  of  Physical  power  thus  generated.  And  thus  it  happens,  that 
there  is,  during  Animal  life,  a  continual  restoration  to  the  Inoi'ganic 
world,  of  the  water,  carbonic  acid,  and  ammonia,  originally  supplied  by 
it  as  the  food  of  plants;  these  being  formed  by  the  union  of  the  oxygen 
of  the  atmosphere  (which  was  not  appropriated  by  the  plant)  with  the 
elements  of  the  nervo-muscular  tissue,  or  rather  with  those  of  urea,  lactic 
acid,  (fee,  which  are  the  immediate  products  of  their  decay  (§  91).  Not 
only  is  Motion  thus  generated,  but  also  Heat,  and  (occasionally)  Light 
and  Electricity ;  and  thus  an  Animal  which  has  arrived  at  its  full  growth, 
and  which  is  simply  maintaining  the  standard  it  has  then  acquired,  is 
continually  restoring  to  the  Inorganic  world  both  the  material  equivalents 
of  its  food,  and  the  dynamical  equivalents  of  the  Chemical  affinities  which 
held  together  the  elements  of  this,  as  well  as  of  the  Heat  which  supplied 
the  organizing  force  whereby  it  was  converted  into  living  tissue.  The  final 
decay  of  the  organism,  as  in  the  Plant,  will  give  back  both  the  material 
and  dynamical  equivalents  of  the  matter  and  force  which  were  consumed 
in  its  first  production,  unless  its  substance  should  be  appropriated  as  food 
by  another  organism ;  in  which  case  it  serves  to  the  Carnivorous  animal 
precisely  the  same  purposes,  as  those  to  which  the  organic  compounds 
supplied  by  the  Plant  are  subservient  in  the  Herbivorous  animal. 

127.  The  condition  of  Man  and  of  all  'warm-blooded'  animals,  how- 
ever, differs  in  this  important  particular  from  that  of  'cold-blooded' 
animals,  and  of  plants.  For  whilst  the  latter  are  almost  entirely  depen- 
dent for  the  Heat  which  is  the  source  of  their  vital  force,  upon  that  which 
they  receive  from  the  solar  rays,  so  that  their  temperature  rises  and  falls 
with  that  of  the  medium  they  inhabit,  the  former  are  enabled  to  maintain 
the  heat  of  their  bodies  at  a  constant  standard,  by  combustive  processes 
which  take  place  in  their  interior,  at  the  expense,  not  only  of  the  mate- 
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rials  of  their  disintegrated  tissues,  but  also  of  a  portion  of  their  food,  the 
non-azotized  ingredients  of  which  are  chiefly  approjDriated  to  this  pui-pose 
(§§  42,  50).  And  thus  we  find  that  whilst  the  Azotized  compounds  pre- 
pared by  Plants  supply  the  actual  materials  for  the  building-up  of  the 
Animal  fabric,  the  Hydro-carbonaceous  or  non-azotized  (starchy,  saccha- 
rine, oleaginous,  &c.),  answer  the  not  less  important  purpose  of  furnish- 
i^^gj  by  their  restoration  to  their  original  condition,  the  chief  dynamical 
agency,  wliich,  acting  through  the  previously-formed  organic  structure, 
enables  it  to  appropriate  the  former,  and  thus  to  supply  the  conditions 
needed  for  the  production  of  nervo-muscular  power,  the  development  of 
which  may  be  considered  as  the  great  end  and  aim  of  Animal  existence. 
And  it  is  a  very  interesting  exemplification  of  the  correctness  of  these 
views,  that  the  rate  of  recurrence  of  those  'periodical  phenomena'  of 
various  kinds,  which  mark  the  progress  of  vital  activity,  should  be 
almost  entirely  dependent  among  cold-blooded  animals  upon  external  in- 
fluences, so  that  they  may  be  artificially  accelerated  by  warmth  and 
retarded  by  cold;  whereas,  in  warm-blooded  animals,  their  recurrence 
is  far  more  regular,  the  rate  of  their  vital  activity  being  kept  at  a 
much  more  unifonn  standard,  in  virtue  of  their  fixed  temperature.* 

3.  General  Survey  of  the  Life  of  Man. 

128.  It  will  be  advantageous,  before  proceeding  fiii-ther,  to  apply  the 
doctrines  which  it  has  been  the  purpose  of  the  preceding  section  to  point 
out  and  illustrate,  to  the  history  of  Human  Life,  considered  under  its 
most  general  aspect. — The  germ  of  the  Human  oi'ganism,  derived  from 
the  vital  operations  of  its  parents,  must  be  considered  as  possessing  a 
'property  or  capacity,  whereby,  when  it  is  placed  in  the  requisite  material 
conditions,  and  subjected  to  a  certain  dynamical  agency,  it  evolves  itself 
into  the  complete  fabric,  which  is  subsequently  maintained  by  the  con- 
tiimance  of  the  same  agencies.  And  this  propierty  is  so  far  peculiar,  that 
the  germ  of  Man  can  never  be  evolved  into  any  other  form  than  the 
Human,  although  it  may  attain  this  but  very  imperfectly.  It  is,  how- 
ever, a  purely  passive  capacity ;  and  the  germ  must  be  acted-on  by  a  force 
exteiTial  to  it,  before  it  can  advance  a  single  step  in  the  developmental 
process.  This  force  is  Heat,  which,  being  supplied  by  the  parental 
organism,  is  converted  by  the  instmmentality  of  the  germ  into  the  Vital 
force,  whereby  it  appropriates  the  nutrient  materials  supplied  to  it,  and 
converts  these  into  living  tissue,  t  These  nutrient  materials,  prepared  by 
the  parent,  are  stored  up  in  the  ovum  in  sufficient  quantity  to  seiTC  for 

*  See,  on  the  subject  of  the  preceding  Section,  the  Author's  Memoir  '  On  the  Mutual 
Relations  of  the  Vital  and  Physical  Forces,'  in  the  "  Philosophical  Transactions"  for  1850  ; 
Mr.  Newport's  paper  '  On  the  Reciprocal  Relations  of  the  Vital  and  Physical  Forces,'  in 
the  "Annals  of  Natural  History,"  Nov.  1850  ;  and  Dr.  J.  R.  Mayer's  Treatise  "Die 
organische  Bevvegung  in  ihrem  Zusemmenhange  met  dem  stoffwechsel,"  Heilbronn,  1835. 

t  This  is  seen  obviously  enough  in  the  incubation  of  Birds,  in  which  the  contact  of  the 
surface  of  the  body  imparts  that  heat  to  the  germ,  which  it  derives  in  Mammals  from  the 
textures  wherein  it  is  imbedded.  It  is  curious  to  observe  that  in  several  cold-blooded 
animals,  there  is  a  special  provision  for  generating  heat,  when  the  developmental  processes 
are  being  actively  carried  on ;  as  in  the  maturation  of  the  pupaj  of  Bees,  and  the  evolution 
of  the  embryo  within  the  egg  in  certain  viviparous  Reptiles.  See  "  Prin.  of  Phys.,  Gen.  and 
Comp.,"  4$  62.3  and  725. 
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;lie  early  development  of  the  embryo,  until  it  can  obtain  them  from  other 
sources ;  but  while  their  quantity  is  adequate,  in  the  Oviparous  animal, 
io  serve  for  the  evolution  of  its  fabric  into  such  a  degree  of  completeness, 
IS  enables  it  to  ingest  and  appropriate  its  further  supplies  for  itself,  it 
mffic'es  in  the  Mammal  for  little  else  than  to  enable  the  germ  to  evolve 
m  appai-atus,  whereby  it  may  receive  a  continued  supply  more  directly 
mpai'ted  to  it  fi'om  the  blood-vessels  of  the  mother.    The  first  step  in 
die  process  of  evolution  consists  in  mere  gi^owth,  that  is,  in  the  multipli- 
:ion  of  cells  by  duplicative  subdivision,  without  any  departure  from  the 
iimitive  type;  but  gradually  we  see  indications  of  developmeoit,  in  the 
aultiplication  of  cells  in  particular  directions,  wliereby  the  foundation  is 
aid  of  the  principal  organs  of  the  fabric,  and  in  the  metamorphoses  of 
•ertain  of  them  into  the  tissues  which  are  characteristic  of  the  perfect 
nanism;  and  it  is  in  these  two  particulars  alone,  that  the  later  stages  of 
Liibryonic  life  essentially  differ  from  the  earlier.    During  all  this  time, 
tieat  is  being  continually  supplied  by  the  parent  and  appropriated  by  the 
uiibiyo;  which,  at  its  period  of  maturity,  exhibits  the  result  of  the  con- 
iuued  operation  of  the  organizing  force,  and  of  its  action,  through  the 
ustramentality  of  the  germ  (in  the  first  place)  and  (subseqiiently)  ■  of  the 
i%-ing  fabric  that  has  had  its  origin  in  it,  upon  the  nutrient  materials 
■vith  which  it  has  been  supplied. — Up  to  this  time,  there  has  been  very 
ittle  expenditiu-e  of  Vital  force  in  anything  else  than  the  formation  of 
issue;  for  the  hfe  of  the  embryo  is  one  rather  of  organic  or  vegetative, 
lian  of  animal  activity;  the  action  of  the  heart,  and  the  occasional  reflex 
lovements  of  the  limbs,  being  its  only  manifestations  of  nervo-muscular 
'wer.    And  thus  it  seems  to  be,  that  the  formative  capacity  is  greater 
airing  embiyonic  life,  than  at  any  subsequent  period,  and  greater  in  its 
arlier  than  in  its  later  stages;  so  that  we  have  not  only  evidence  of  an 
■xtraordinary  power  of  regenerating  parts  which  have  been  lost  by  disease 
r  accident,  as  shown  in  attempts  at  the  reproduction  of  entire  limbs  after 
eir  'spontaneous  amputation;'  but  there  is  also  not  unfrequently  an  ab- 
'lute  excess  of  productive  power,  as  shown  in  the  development  of  super- 
i  umerary  organs,  which  may  even  proceed  to  the  extent  of  the  complete 
lupHcation  of  the  entire  body,  by  the  early  subdivision  of  the  embryonic 
tincture  into  two  independent  halves.     (See  chap,  xix.,  sect.  4.) 

129.  From  the  time  of  its  entrance  into  the  world,  however,  the  con- 
lition  of  the  Human  infant  is  essentially  changed.    It  is  no  longer 
upphed  with  nutriment  by  the  direct  transmission  of  organizable  mate- 
l  ials  from  the  circulating  fluid  of  the  mother  to  its  own;  but  obtains  it 
'y  the  processes  of  digestion,  absorption,  and  assimilation,  which  involve  a 
ortain  expenditure  of  vital  force  in  the  performance  of  the  chemical  and 
vital  changes  in  which  these  processes  consist.    Thus  the  secretion  of  the 
astric,  biliary,  and  pancreatic  fluids  is  a  truly  vital  process,  although  the 
';tiou  of  these  fluids  upon  the  alimentary  materials  may  be  purely 
liemical;  so,  again,  although  part  of  the  process  of  absorption  is  effected 
''y  purely  physical  agencies,  another  part  involves  the  development  and 
iotive  agency  of  ceils,  and  thus  occasions  a  demand  for  vital  force;  and 
fhe  fiu-ther  preparation  of  the  absorbed  materials  for  the  purposes  of 
iiutrition,  seems  also  to  require  an  expenditure  of  that  which,  for  the 
ake  of  convenience,  we  have  termed  the  '  cell-force.'    Thus,  then,  even 
w  regards  these  preliminaiy  operations,  the  infant  is  placed  in  a  very 
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different  condition  from  the  intra-uterine  embryo ;  and  in  order  that  the 
change  may  not  be  too  sudden,  the  nutriment  provided  by  Natui'c  for 
the  early  period  of  infantile  life,  is  such  as  to  occasion  the  least  possible 
demand  upon  its  vital  powers  for  the  px-eparation  of  the  organizabk 
material  wliich  is  required  for  its  further  growth  and  development.  But 
the  transition  is  a  most  important  one  in  another  particular;  the  infant 
is  now  thrown  in  gi-eat  degree  vipon  its  own  resources  for  the  generation 
of  its  heat ;  and  tliis  it  is  enabled  to  accomplish  by  the  combustion,  of  a 
portion  of  its  food  which  is  specially  provided  for  the  purpose,  this  com- 
bustion being  promoted  by  the  ari-angements  for  that  active  I'espu'ation 
which  now  supersedes  the  very  limited  aeration  of  its  circulating  fluids 
that  was  sufficient  dui'ing  foetal  life.  Now  in  the  movements  of  the 
respiratory  muscles  and  of  the  walls  of  the  alimentary  canal,  we  have  a 
new  source  of  expenditure  of  vital  force,  and  of  destruction  of  tissue : 
and  this  expenditure  is  progressively  augmented,  as  the  motions  of  the 
body  and  limbs  become  increasingly  active.  Thus  we  find  that  the 
formative  powers  ai'e  not  exercised  during  childhood  and  youth,  solely  in 
the  construction  and  augmentation  of  the  fabric  (as  they  were  dm-ing 
embryonic  life),  since  thei'e  is  a  constant  demand  upon  them  for  its  main- 
tenance; and  this  demand  becomes  greater  and  greater,  in  proportion  to 
the  exercise  of  the  Animal  powers. 

130.  At  the  same  time  there  appears  to  be  a  progressive  reduction  in 
the  '  germinal  capacity for  not  only  is  there  to  be  obsei-ved  a  diminish- 
ing aptitude  for  the  production  of  new  parts  (as  shown,  for  example,  in 
the  cessation  of  the  production  of  new  tooth-sacs  by  gemmation  from  the 
old,  the  last  operation  of  this  kind  being  that  by  which  the  '  dentes 
sapientite '  are  originated,  §  285),  but  we  also  perceive  a  decrease  in  the 
power  of  repairing  the  ravages  which  disease  or  injmy  may  have  made  in 
the  organism  as  previously  formed.  Still,  however,  this  capacity  mani- 
fests itself  in  a  very  remai'kable  manner  during  the  whole  period  of 
growth :  being  most  obviously  displayed  in  the  complete  evolution  of  the 
generative  apparatus,  the  condition  of  which  was  previously  mdimentary ; 
but  being  in  reality  yet  more  remarkably  exhibited  in  the  various  acts 
by  which  the  type  or  pattern  of  the  organism  is  maintained  and  com- 
pleted, notwithstanding  the  various  influences  tending  to  its  degi*adation. 
For  it  must  be  borne  in  mind,  that  the  growth  of  the  body  of  Man,  or  of 
that  of  any  of  the  higher  Animals,  takes  place  in  a  manner  essentially 
different  from  that  of  the  Vegetable  fabric  ;  the  latter  mainly  consisting  in  ! 
addition  to  the  parts  already  formed,  whilst  the  former  is  effected  by  a  | 
continual  development  of  new  structure  in  place  of  the  old.  Thus  in  the 
Tree  we  observe,  year  by  year,  the  same  trunk,  the  same  branches,  the 
same  roots ;  and  the  only  difference  which  we  notice  between  the  young  . 
tree  and  the  old  one,  consists  in  the  increased  thickness  of  the  original  j 
stem  and  of  its  ramifications,  which  is  shown  by  a  tranverse  section  to 
depend  entirely  upon  the  enclosure  of  the  original  in  new  layers  of 
wood  progressively  developed  around  it,  and  in  the  greater  number  and 
extent  of  the  smaller  twigs  and  rootlets,  which  are  put  forth,  year  by 
year,  from  the  lai'ger.  When  we  compare,  on  the  other  hand,  a  single 
limb  of  the  adult  man  with  that  of  the  infant,  we  find  that  the  position  of 
every  part  of  it  has  changed.  The  same  bones,  muscles,  tendons,  ligaments, 
blood-vessels,  nerves,  &c.,  ai'e  recognizable  in  both  cases;  and  maintain, 
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with  little  variation,  the  same  relative  positions.  But  the  bone  has 
swollen,  as  it  were,  in  every  direction,  so  that  its  very  cavity  is  now 
of  absolutely  larger  diameter  than  the  entire  shaft  of  the  bone  of  the 
infaut>  whilst  the  whole  length  of  the  latter  would  constitute  but  a 
fi-action  of  the  distance  that  now  intervenes  between  its  extremities. 
With  the  enlargement  of  the  bone,  the  points  of  muscular  attachment  are 
of  course  separated  from  each  other ;  and  the  muscles  themselves  undergo 
a  similar  augmentation,  as  do  likewise  all  the  soft  tissues  connected  with 
them ;  these  seeming,  like  the  bone,  to  have  swollen  by  a  process  of  inter- 
stitial growth,  rather  than  to  have  simply  received  additions  to  their 
surface  and  extremities.  Now  it  will  be  shown  hereafter  (§  267),  that 
this  enlargement  is  effected,  in  the  case  of  the  Bone,  not  by  a  mere 
superficial  addition  (such  as  that  which  causes  the  shell  of  the  Echinus 
to  swell  fi-om  the  size  of  the  head  of  a  pin  to  that  of  the  head  of  a  child, 
the  new  matter  being  developed  at  the  edges  of  the  numerous  polygonal 
plates  of  which  it  is  composed),  but  by  a  combination  of  the  processes  of 
absorption  and  of  deposition  ;  or  rather,  in  fact,  by  the  continual  progress 
of  degeneration  and  death,  consentaneously  with  every  new  production  of 
living  organized  tissue.  And  what  is  true  of  the  bone  is  true  also,  there 
is  good  reason  to  believe,  of  the  Muscles  and  all  the  softer  organs,  the 
normal  dm-ation  of  whose  individual  parts  is  naturally  less  ;  so  that  their 
enlargement  seems  essentially  to  consist  in  the  excess  of  production  over 
the  disintegration  which  is  continually  taking  place  in  them,  this  disin- 
tegration (as  shown  by  the  amount  of  the  urea,  carbonic  acid,  &c.,  which 
are  excreted)  being  far  more  rapid  during  the  period  of  growth,  than  it  is 
in  the  subsequent  stages  of  life. 

131.  That  the  germinal  capacity,  though  inferior  to  that  of  the  em- 
bryo, still  persists  in  a  high  degree  during  the  period  of  childhood  and 
youth,  is  further  shown  in  the  readiness  with  which  the  effects  of  injuries 
and  disease  are  recovered  from ;  for  "although  the  regeneration  of  lost 
parts  does  not  take  place  to  nearly  the  same  extent  as  during  eaiiy 
embiyonic  life,  yet,  up  to  a  certain  point,  it  is  effected  with  great  com- 
pleteness, and  with  much  greater  rapidity  than  at  later  epochs.  It  is  still, 
in  fact,  rather  in  the  exercise  of  formative  power,  than  in  the  production 
of  nervo-muscular  vigour,  that  the  vital  force  of  this  period  is  displayed  \ 
and  we  may  readily  trace  such  a  relation  of  reciprocity  between  these  two 
modes  of  its  manifestation,  as  is  strongly  indicative  of  the  commimity  of 
their  source.  For  it  is  familiar  to  every  observer,  that,  when  the  growth 
of  a  child  or  a  young  person  is  peculiarly  quick,  its  nervo-muscular 
energy  is  usually  feeble,  and  its  power  of  endurance  brief,  in  comparison 
^vith  that  which  can  be  put  forth  by  one  whose  frame  is  undergoing  less 
rapid  increase.  And  we  observe,  moreover,  that  the  capacity  of  resistance 
to  depressing  influences  of  various  kinds,  which  is  a  no  less  decided  mani- 
festation of  the  vital  power  of  the  organism  (seeing  that  these  influences 
are  of  a  kind  which  tend  towards  its  death),  is  possessed  by  the  latter  in  a 
far  higher  degree  than  by  the  former. — Under  one  form  or  the  other, 
however,  we  must  recognize  the  existence  of  a  high  degree  of  vital  power 
during  the  period  of  childhood  and  adolescence ;  and  this  power  is  sus- 
tained by  the  large  consumption  of  food ;  for  this  affords  not  merely  the 
materials  largely  required  for  the  construction  of  the  fabric  (which  may  be 
said  to  be  in  continual  progress  of  pulling-down  and  rebuilding,  all  the  old 
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materials  being  carried  away  as  useless),  but  also  those  which  serve  for  the 
maintenance  of  the  heat  of  the  body,  and  which  thus  supply  the  force 
which  is  requisite  for  the  sustentation  of  its  activity.  The  human  infant  at 
first  possesses  but  a  feeble  heat-producing  power;  and  the  lower  the  tem- 
perature to  which  it  is  exposed,  the  more  does  it  depend  upon  some  external 
source  of  warmth.  As  its  digestive  capacity  improves,  however,  and  it  can 
appropriate  an  adequate  supply  of  food,  its  calorific  power  augments :  for 
its  rapid  circulation  and  active  respiration  enable  the  combustive  process 
to  be  pei'formed  with  an  energy  greatly  surpassing  that  which  is  displayed 
in  later  life,  as  is  shown  in  the  quantity  of  carbonic  acid  thrown  oflF.  And 
thus,  as  it  is  from  its  food  that  the  organism  derives  not  merely  its 
materials  but  its  vital  force,  and  as  the  expenditure  of  both  is  pecuHarly 
rapid,  it  comes  to  pass  that  the  dependence  of  life  upon  a  continual 
supply  of  food  is  far  more  close  at  this  period  than  subsequently ;  so  that 
when  childi-en  and  adults  are  subjected  at  the  same  time  to  complete  or 
partial  starvation,  the  former  succumb  much  earlier  than  the  latter. 

132.  Tlie  period  of  adult  age  is  marked  by  an  increase  alike  in  the 
nervo-muscular  power  of  the  body,  and  in  its  general  vigour  and  en- 
durance; the  augmentation  of  the  latter  being  most  strongly  displayed 
in  tlie  activity  of  the  generative  function.  Still  it  cannot  be  said  that  its 
vital  force  is  on  the  whole  increased  in  proportion  to  its  bulk ;  for  the 
formative  power  is  decidedly  diminished.  The  production  of  new  tissue 
is  now  for  the  most  part  limited  to  the  replacement  of  that  which  has 
become  effete  by  use.;  there  is  no  longer  a  capacity  for  the  production  of 
new  organs,  and  comparatively  little  for  the  augmentation  of  those  'ah'eady 
existing;  the  increase  of  the  uterine  and  mammary  structures,  diu'ing  the 
period  of  gestation,  being  the  most  important  examples  of  fonnative 
power,  and  these  presenting  themselves  in  the  sex  in  which  there  is  least 
of  nervo-muscular  activity  and  of  general  vigour.  We  should  infer,  then, 
that  the  '  germinal  capacity '  is  now  on  the  decline ;  and  this  further 
appears  from  the  inferior  energy  and  completeness  with  which  the  repara- 
tive processes  are  performed,  as  compared  with  the  mode  in  which  they 
are  executed  during  the  period  of  growth.  Moreover,  the  ordinary  rate 
of  waste  or  degeneration  of  tissue  is  now  much  less  rapid  than  dming 
the  period  of  growth ;  for  we  have  seen  that  decay  and  removal,  in  the 
latter  case,  are  among  the  very  conditions  of  increase;  whilst  in  the 
former,  they  proceed,  for  the  most  part,  only  from  the  expenditm-e  of  the 
vital  powers  of  the  tissues,  consequent  upon  their  functional  activity. — 
The  whole  nisus  of  development,  in  fact,  during  this  period,  appears  to 
be  directed  towards  the  maintenance  of  the  organism  in  the  state  which  it 
had  acquired  at  its  commencement,  by  the  I'egeneration  of  its  tissues  as 
fast  as  they  undergo  disintegration,  and  by  the  renovation  of  its  vital  force 
in  proportion  as  this  is  expended.  There  is  consequently  a  less  demand 
for  alimentary  material,  than  during  the  previous  periods  (allowance  being 
made  for  the  augmented  bulk  of  the  body) ;  the  proportional  amomit  of 
heat  produced  (as  indicated  by  the  carbonic  acid  exhaled)  is  also  less ;  and 
the  dependence  of  life  upon  a  constant  supply  of  aliment  is  far  less  close. 

133.  The  decline  of  life  exhibits  a  much  more  obvious  diminution  of 
the  whole  vital  power  of  the  organism;  for  not  only  is  its  formative 
activity  now  greatly  reduced,  but  its  nervo-muscular  energy  and  general 
vigour  progressively  diminish,  and  its  generative  power  declines  or  ceases 
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entirely.  Of  this  diminution  in  formative  power,  we  have  evidence  in  the 
entire  absence  of  any  attempt  at  new  development,  in  the  less  perfect  and 
more  tedious  manner  in  which  the  losses  of  substance  occasioned  by 
disease  or  injury  are  recovered  from,  and  in  the  gradual  degeneration  of 
the  organism  in  general.  The  tissues  which  are  rendered  effete  by  their 
functional  activity,  are  not  any  longer  replaced  in  their  normal  complete- 
ness ;  for  either  the  quantity  of  new  tissue  is  inadequate,  so  that  the  bulk 
of  the  organs  is  obviously  reduced ;  or  their  quality  is  rendered  imperfect, 
by  the  production  of  structm'es  in  various  phases  of  degeneration  (espe- 
cially the  fatty),  in  place  of  those  which  had  been  previously  developed  in 
the  fullest  completeness.  The  inferiority  of  nervo-muscular  energy  and 
of  general  vigour  ai*e  thus  evidently  the  result  of  the  deficiency,  and  not 
(as  in  the  period  of  growth)  of  the  excess,  of  formative  power  >  and  in 
proportion  as  the  '  waste '  of  the  tissues  consequent  upon  their  functional 
activity,  is  more  rapid  than  their  renovation,  a  progressive  diminution 
must  take  place.  It  is  obvious  that  the  cause  of  this  decline  must  lie 
within  the  organism  itself ;  since,  the  external  conditions  remaining  the 
same,  the  same  amount  of  vital  activity  is  no  longer  manifested;  and  we 
can  scarcely  attribute  it  to  any  other  source,  than  a  gradual  decline  in  the 
'germinal  capacity,'  which  seems  to  set  a  limit  to  the  life  of  the  entire 
organism,  as  it  does  to  that  of  the  single  cell.  For,  when  neither  disease 
nor  accident  shortens  what  may  be  considered  the  normal  term  of  life, 
there  is  a  gradual  diminution  in  every  kind  of  vital  activity,  until  it 
entirely  ceases ;  the  formative  power  seems  progressively  to  exhaust  itself, 
5  until  no  assistance  from  artificial  heat,  no  supply  of  the  most  nutritious 
1  food,  can  any  longer  avail  for  the  generation  of  new  tissue ;  and  the 
nervo-muscular  energy  gradually  declines,  until  at  last  even  those  actions 
on  which  the  circulation  and  respiration  entirely  depend  can  no  longer  be 
performed,  and  with  the  cessation  of  these  functions  the  life  of  the  entire 
organism  becomes  extinct.^ — Such  we  may  consider  to  be  the  mode  in 
'Vfhich  Death  normally  occurs.  Various  abnormal  influences,  however, 
may  bring  about  this  final  result,  at  an  earlier  period,  and  in  different 
modes  j  these  will  be  considered  on  a  future  occasion  (chap.  xxl). 


CHAPTER  IV. 

OF  THE   BLOOD  ;   ITS  PHYSICAL  CHARACTERS,  CHEMICAL 
COMPOSITION,   AND  VITAL  PROPERTIES. 

1.  General  Considerations. 

134.  In  the  organism  of  Man,  as  in  that  of  all  the  higher  Animals,  the 
materials  for  the  nutrition  of  every  portion  of  the  structure  are  supplied 
)  by  the  Blood,  which,  itself  formed  at  the  expense  of  the  organic  and  inor- 
ganic constituents  of  the  Food,  is  constantly  circulating  through  the 
vessels  during  the  whole  of  life;  and  each  tissue  possesses  the  power  of 
drawing  from  this  liquid,  and  of  appropriating  to  its  own  use,  the  par- 
ticular components  of  its  substance,  which  either  pre-exist  as  such  in  the 
blood,  or  are  capable  of  being  readily  formed  from  it  by  a  process  of 
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chemical  transformation.    The  supply  of  these  materials,  however,  is  by- 
no  means  the  sole  purpose  of  the  Circulation  of  the  Blood;  for  it  also 
furnishes  the  means  of  removing  the  effete  particles  which  are  set  free  by 
the  disintegration  of  the  tissues ;  these  being  drawn  into  the  current, 
probably  at  the  veiy  time  when  the  components  of  the  newly-forming 
stmctures  are  given  forth,  and  being  convej^ed  by  it  to  the  various 
organs  which  are  provided  for  their  elimination.    Hence  tlie  Blood  not 
only  contains  the  materials  for  the  renovation  of  the  tissues,  but  also  the 
products  of  their  decay :  but  there  is  an  important  difference  in  the  pro- 
portion of  these  two  sets  of  components ;  for  whilst  the  former  make  up 
the  principal  part  of  the  mass  of  the  fluid,  the  latter  are  only  detectable 
in  it  with  difficulty,  so  long  as  the  excretory  organs  maintain  their  noimal 
activity;  and  only  make  their  presence  obvious,  when  they  accumulate 
imduly,  in  consequence  of  the  retardation  or  suspension  of  the  eliminating 
of)erations. — But  besides  thus  meeting  the  demand  occasioned  by  the 
constructive  operations,  and  preventing  the  results  of  the  destructive  from 
exerting  an  injurious  influence  on  the  system,  the  Circulation  of  the  Blood 
serves  the  important  purpose  of  introducing  Oxygen  from  the  atmosphere, 
the  presence  of  which  appeal's  to  be  an  essential  condition  of  the  pecuhar 
vital  activity  of  the  Nervous  and  Muscular  tissues,  whilst  it  is  also  required 
in  various  other  metamorphoses  which  form  part  botli  of  the  constructive 
and  of  the  destructive  operations;  and  just  as  the  circulating  current 
takes  up,  and  carries  to  their  appropriate  outlets,  the  various  excretory 
matters  which  are  set  free  in  the  course  of  its  nutrient  operations,  so  does 
it  also  imbibe  the  Carbonic  acid,  which  is  one  of  the  chief  products  of  the 
action  of  oxygen  upon  the  tissues  and  fluids  of  the  body,  and  convey  this 
to  the  lungs  and  skin  for  elimination.    This  product  is  continually  being 
formed  in  such  large  amount,  that  its  presence  in  the  blood  can  always  be 
readily  demonstrated ;  and  if  its  elimination  be  checked  for  even  a  few 
minutes,  it  accimiulates  to  such  an  extent  as  to  occasion  the  immediate 
destruction  of  life. — But  besides  the  Histogenetic  materials  and  Oxygen,  on 
the  one  hand,  and  the  various  products  of  the  disintegration  of  the  tissues 
on  the  other,  the  blood  contains  those  non-azotized  substances  which  are 
received  into  it  for  the  purjDose  of  supplying  the  pabulum  of  the  combus- 
tive  process;  and  the  union  of  their  elements  with  oxygen  introduced 
from  the  atmosphere,  which  is  continually  going  on,  becomes  an  additional 
som'ce  of  the  production  of  carbonic  acid,  and  of  its  injiuious  accumula- 
tion if  its  ehmination  be  checked. 

135.  From  the  variety  of  operations  to  which  the  Blood  is  subsei-vieut, 
it  naturally  foUows  that  the  changes  which  it  undergoes  in  different  pai*ts 
of  its  circulation  are  of  a  very  diversified  nature,  and  that  the  composition 
of  the  fluid  in  the  several  parts  of  its  course  will  be  fai-  from  uniform. 
Between  the  blood  which  is  being  distributed  by  the  Systemic  arteries  to 
the  body  at  large,  and  that  which  is  being  collected  from  it  again  by  the 
systemic  veins,  after  having  percolated  the  tissues,  there  is  not  only  an 
obvious  difference  in  hue,  which  indicates  an  important  change,  but  there 
is  also  a  considei'able  difference  in  composition,  which  is  revealed  by 
chemical  analysis:  and  a  difference  of  a  converse  natiire  presents  itself, 
between  the  blood  that  is  on  its  way  to  be  distributed  to  the  Lungs,  and 
that  which  is  returning  from  them.  So,  again,  although  there  is  no 
obvious  dissimilarity  in  physical  chai'acters  between  the  blood  which  is 
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transmitted  to  the  Liver  by  the  vena  portte,  and  that  which  is  carried  off 
fi-om  it  by  the  hepatic  vein,  yet  chemical  analysis  reveals  a  very  remark- 
able difference  in  their  composition,  and  shows  that  the  blood  of  the 
ascending  vena  cava  (above  the  entrance  of  the  hepatic  vein),  that  of  the 
right  cavities  of  the  heart,  and  that  of  the  pulmonary  artery,  differs  from 
all  other  blood  in  the  body,  in  containing  an  appreciable  quantity  of  sugar 
(§  4:5).  In  many  other  cases,  we  know  that  an  important  difference  must 
exist,  although  chemical  analysis  has  not  yet  detected  it;  thus,  the  blood 
of  the  Eenal  vein  must  be  more  free  from  the  components  of  the  urinary 
excretion,  than  that  of  the  renal  artery  which  conveys  them  to  the  kidney; 
whilst  the  blood  of  the  systemic  veins  in  general  must  contain  them  in 
gi-eater  amount  than  their  corresponding  arteries,  since  they  are  dis- 
charged into  the  current  during  its  passage  through  the  tissues,  of  whose 
disintegration  they  are  among  the  products. — In  the  account  to  be  pre- 
sently given  of  the  Blood,  those  most  general  characters  and  properties 
will  be  first  described,  which  it  presents  in  all  parts  of  its  circulation ;  the 
principal  differences  which  have  been  substantiated  in  the  composition  of 
the  blood  in  the  several  portions  of  its  circuit,  will  then  be  noticed ;  and, 
lastly,  some  account  will  be  given  of  the  most  important  of  those  pa^tho- 
logical  alterations  which  it  exhibits  in  disease. 

136.  The  precise  determination  of  the  quantity/  of  Blood  contained  in 
the  body,  is  more  difficult  than  might  have  been  at  first  supposed ;  and 
the  estimates  which  have  been  made  of  it,  have  been  most  strangely  dis- 
crepant. The  entire  amount  which  flows  from  a  large  arterial  trunk  freely 
opened,  can  by  no  means  be  taken  as  a  measui-e ;  since,  however  freely  it 
may  be  permitted  to  escape,  a  considerable  quantity  still  remains  within 
the  blood-vessels,  especially  if  the  heart's  action  fail  before  the  loss  of 
blood  has  proceeded  very  far,  so  that  it  is. not  drawn  from  the  venous 
system.  A  closer  approximation  may  be  made  by  opening  several  vessels 
at  once,  which  was  the  method  adopted  by  Herbst;*  who  estimated  the 
proportion  of  the  weight  of  the  blood  to  that  of  the  entire  body  to  be  as 
1  : 12  in  the  Ox,  as  1  : 16  in  the  Dog,  as  1  : 18  in  the  Horse,  as  1  :  2€  in 
the  Goat,  Calf,  Lamb,  and  Hare,  as  1  : 22  in  the  Sheep  and  Cat,  and  as 
1  : 24  in  the  Eabbit.  With  these  estimates,  the  conclusions  drawn  by 
Vanner,  from  his  recent  observations  in  the  abattoirs  of  Paris,  pretty 
closely  con-espond ;  for  he  is  led  by  them  to  the  belief,  that  for  horned 
cattle  in  general,  the  proportion  do6s  not  vary  far  from  1  : 20.t  It  is 
obvious,  however,  that  no  such  method  can  give  more  than  a  minimum; 
since,  even  after  the  most  complete  exsanguination  that  the  freest  opening 
of  the  vessels  can  permit,  a  considerable  quantity  of  blood  is  still  retained 
m  them,  and  especially  in  those  of  the  head.  And  there  are  various 
observations  which  lead  to  the  belief,  that  such  estimates  are  far  too  low 
as  regards  Man;  since  it  appears  that  a  quantity  of  blood  equal  to  at 
least  one-tenth  of  the  weight  of  his  body,  may  be  poured  forth  from  his 
vessels  within  a  short  time.  Still,  occurrences  of  this  kind,  of  which 
Haller  has  brought  together  an  interesting  collection,!  afford  but  an 
unsafe  basis  for  our  estimate ;  since  it  is  necessary  to  allow  for  the  fact, 
that  when  the  vessels  are  becoming  emptied  of  blood,  a  transudation  of 

*  "  De  Sanguinis  quantitate,  qiialis  homini  adulto  et  sano  convenit."  Goettingae,  1822. 
T  "  Comptes  Renclus,"  torn,  xxviii.  p.  649. 
+  "  Eleinenta  Pliysiologitc,"  vol.  ii.  pp.  '3,  4. 
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fluid  takes  place  into  them  from  the  surroundiug  tissues,  as  is  evidenced 
by  the  diminution  in  the  specific  gi-avity,  and  in  the  increase  in  the  pro- 
portion of  water,  which  are  apparent  when  even  the  first  and  last  parts  of 
the  blood  drawn  at  an  ordinary  venesection  ai'e  compared  (§  162) :  so  that, 
if  the  haemorrhage  be  going  on  for  some  hours,  a  much  larger  quantity  of 
fluid  may  be  poured  forth  from  the  vessels,  than  was  ever  contained 
within  them  at  any  one  time;  and  if  liquids  be  ingested  during  its  con- 
tinuance, a  portion  of  these,  being  at  once  received  into  the  circulating 
current,  will  go  to  augment  the  amount  which  escapes  from  it.  Two 
remarkable  instances  of  this  kind  are  cited  by  Burdach*  from  Wrisberg; 
who  states  that  a  female  who  died  from  violent  metrorrhagia  lost  26  lbs. 
of  blood,  and  that  24  lbs.  were  collected  from  the  body  of  a  plethoric 
female  who  had  suffered  death  by  decapitation.  In  the  fii-st  of  these 
cases,  it  is  probable  that,  as  death  could  not  have  been  immediate,  some 
increase  took  place  fi'om  the  fluids  of  the  body;  in  the  second,  however, 
the  suddenness  of  the  discharge  of  blood,  and  its  concurrence  with  the 
destruction  of  life,  must  have  prevented  any  considerable  augmentation 
from  this  source ;  and  if  any  such  increase  did  take  place,  it  probably  did 
not  exceed  the  amount  of  blood  remaining  undischarged  in  the  vessels. — 
Another  mode  of  determining  the  total  amount  of  the  circulating  blood 
has  been  proposed  by  Prof  Valentin  ;t  who  first  draws  a  sample  of  blood 
from  an  animal,  and  ascertains  the  proportion  of  water  which  it  contains, 
then  injects  a  determinate  quantity  of  water  into  the  vessels,  and  immedi- 
ately draws  fresh  samples  from  different  pai'ts  of  the  body,  in  which  also 
he  ascertains  the  proportion  of  the  solid  to  the  fluid  components;  and 
from  the  amount  of  dilution  which  the  last-drawn  blood  exhibits,  as  com- 
pared with  the  first  sample,  he  calculates  the  whole  bulk  of  the  circulating 
fluid.  From  these  data,  Prof  Valentin  estimated  the  proportion  of  blood 
in  the  Dog  as  1  :  4^,  and  in  the  Sheep  as  1:5;  so  that,  applying  the 
former  of  these  proportions  to  the  Human  body,  a  man  weighing  145  lbs. 
would  have  32  lbs.  of  blood,  and  a  woman  weighing  127  lbs.  would  have 
27  lbs.  of  blood.  It  can  scarcely  be  doubted  that  this  statement  is  too 
high ;  and  it  is  not  difficult  to  discei'n  an  important  fallacy  in  the  method 
on  which  it  was  based.  For  however  rapidly  the  operation  may  be  per- 
forined,  some  portion  of  the  water  injected  will  transude  from  the  vessels 
into  the  sun-ounding  tissues,  and  will  escape  by  the  kidneys;  and  thus, 
the  degree  of  its  dilution  being  diminished,  the  estimate  of  the  total 
amount  of  the  blood  will  be  raised  considerably  above  the  reality. — It  has 
been  more  recently  proposed  by  more  than  one  experimenter,  to  inject,  in 
place  of  watei-,  some  saline  compound,  whose  presence  in  the  blood  might 
easily  be  determined  quantitively,  and  which  should  neither  be  so 
poisonous  as  to  produce  speedy  death,  nor  be  capable  of  such  rapid  trans- 
udation as  to  escape  too  readily  into  the  tissues  or  the  urine.  The 
sulphate  of  alumina  has  been  employed  for  this  purpose  by  Prof  Blake  J 
(of  St.  Louis,  U.  S.) ;  and  his  experiments  lead  to  the  conclusion  that  the 
proportion  of  blood  in  the  body  of  a  Dog  is  as  1  : 8  or  1  : 9 ;  so  that, 
applying  the  same  proportion  to  Man,  the  quantity  of  blood  in  a  Human 
body  weighing  144  lbs.  would  be  16  or  18  lbs.    Several  cu'cumstauces 

•  "  Traite  de  Physiologic,"  traduit  par  Jourdain,  torn.  vi.  p.  119. 
+  "  Report,  fur  Anat.  und  Phys.,"  band  iii.  p.  281. 

J  See  Prof.  Dunglison's  "  Human  Physiology,"  seventh  edit.  vol.  ii.  p.  102. 
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lead  to  the  belief  that  this  estimate  is  not  far  from  the  truth ;  but  it  can- 
not be  doubted  that  a  considerable  variation  in  the  relative  amount  of 
blood  will  exist  among  different  individuals. 

2.  Physical,  Chemical,  and  Structural  Characters  of  the  Blood. 

137.  The  Blood,  as  it  flows  forth  from  an  opening  in  a  large  vessel,  is 
an  appai'ently  homogeneous  liquid,  possessing  a  slight  degree  of  viscidity, 
■with  a  consistence  and  density  somewhat  greater  than  that  of  water, 
but  especially  distinguished  by  its  colour,  which  is  usually  of  a  bright 
scaiiet  when  it  is  drawn  from  an  artery,  and  of  a  dark  purple,  sometimes 
cdmost  approaching  to  black,  when  it  is  drawn  from  a  vein.  This  dif- 
ference of  colour,  however,  is  by  no  means  constant;  for  arterial  blood 
may  sometimes  be  unusually  dark,  whilst  venous  blood  is  occasionally 
so  florid  that  it  might  almost  be  taken  for  arterial.  The  former  con- 
dition is  observable,  when  from  any  cause  the  respiratory  process  is 
imperfectly  performed,  and  may  be  especially  noticed  during  operations 
performed  under  the  influence  of  anjBsthetic  agents;  it  has  also  been 
remarked  by  Dr.  John  Davy  as  usually  characterizing  the  arterial  blood 
of  the  inhabitants  of  hot  climates;*  but  in  any  of  these  cases,  the  ordi- 
naiy  arterial  hue  is  acquired  by  the  blood  when  it  has  been  sufficiently 
exposed  to  the  air.  The  florid  hue  is  presented  by  the  venous  blood  of 
animals  which  are  made  to  respire  pure  oxygen;  but  it  seems  normal 
with  some  individuals  whose  respiration  is  peculiarly  active. — The  s2oecific 
gravity  of  the  Blood  is  stated  by  Nasse,+  as  the  result  of  numerous  observa- 
tions, to  vary  (within  the  limits  of  health)  between  1050  and  1059  ;  the 
average  being  taken  as  1055.  The  principal  source  of  this  variation,  is  the 
want  of  constancy  in  the  proportion  of  the  red  corpuscles  in  the  blood ; 
for  the  specific  gi-avity  of  these,  when  separately  examined,  is  found  to  be 
as  high  as  1088-5,  whilst  that  of  the  liquid  in  which  they  float  is  no  more 
than  1028;  and  hence  the  specific  gravity  of  the  blood  of  men  is  usually 
higher  than  that  of  women  (§  159),  and  that  of  the  portion  of  blood  first 
di-awu  exceeds  that  of  the  portion  which  flows  last  (§  162). — The  chemi- 
cal reaction  of  the  Blood  seems  to  be  invariably  cdkaline;  and  very 
important  purposes  are  served  by  this  alkalinity  (§§  83,  84). — When  we 
add  that  the  Blood  has  a  saltish  taste,  and  a  faint  odour  resembling  that 
of  the  pulmonary  and  cutaneous  exhalations  of  the  animal  from  which  it 
is  drawn,  we  have  enumerated  all  the  characteristics  which  can  be  made 
out  by  the  unassisted  senses. 

138.  When  the  Blood  is  examined  with  the  Microscope,  however, 
either  immediately  upon  being  drawn,  or  whilst  it  is  yet  circulating  in 
the  vessels  of  the  living  body  (as  in  the  foot  of  the  Frog,  the  wing  of  the 
Bat,  or  any  other  membranous  expansion  of  similar  transparency),  it  is 
seen  that  its  apparent  homogeneity  is  not  real,  but  that  it  consists  of  two 
yei-y  different  components.  These  are,  a  transparent  and  perfectly  colourless 
liquid,  which  is  known  as  the  Liquor  Sanguinis,  and  a  set  of  Corjmscles, 
which  are  suspended  in  it :  the  great  mass  of  these  last  present  a  distinctly 
red  hue,  and  it  is  to  their  presence  alone  that  the  colour  of  the  blood 
IS  due ;  but  there  are  also  to  be  seen,  scattered  among  the  red,  a  few 

'  "  Anatomical  ajid  Ph^'siological  ReRcarches,"  vol.  ii.  p.  140. 

t  Wagner's  "  Handworterbuch  dcr  Physiologio,"  '■  Dlul^  band  i.  p.  S2, 
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-which  are  colourless,  aud  which  differ  from  the  red  in  some  other  parti- 
culars presently  to  ioe  noticed. — On  the  other  hand,  when  the  Blood  has 
been  drawn  from  the  body,  and  is  allowed  to  remain  at  rest,  it  under- 
goes a  spontaneous  coagulation,  in  the  course  of  which  it  separates  into 
a  red  Crassamentum  and  a  nearly  colourless  Seruvi.  The  '  crassamen- 
tum' or  '  clot'  is  composed  of  a  network  of  Fibrin  (§§  26,  27),  in  the 
meshes  of  which  the  Corpuscles,  both  red  and  coloiu-less,  are  involved, 
together  with  a  certain  amount  of  serous  fluid.  The  '  serum,'  which  is 
the  same  with  the  '  liquor  sanguinis '  deprived  of  its  Fibrin,  coagidates 
by  heat,  and  is  therefore  known  to  contain  Albumen ;  and  if  it  be  exposed 
to  a  high  temperature,  sufficient  to  decompose  the  animal  matter,  a 
considerable  amount  of  earthy  and  alkaline  Salts  remains. — Thus  we  have 
four  principal  components  in  the  Blood;  namely.  Fibrin,  Albumen,  Cor- 
ptcscles,  and  Saline  matter.  In  the  circulating  blood,  they  ai'e  thus 
combined : — 

Fibrin  ) 

Albumen    >  In  solution,  forming  Liquor  Sanguinis, 
Salts  J 

Corpuscles,  —  suspended  in  Liquor  Sanguinis. 
But  in  coagulated  blood,  they  are  combined  as  follows : — 

Fibrin       )    Forming  Crassamentum  or  Clot. 
Corpuscles )  " 

^'its™*^"  \    Remaining  in  solution,  forming  Serum. 

The  change  fi-om  the  one  condition  to  the  other  is  due  to  the  fibrillation 
of  the  Fibrin,  which  usually  takes  place  so  speedily  as  to  involve  the 
Corpuscles  floating  in  the  '  liquor  sanguinis'  before  they  have  time  to 
subside,  although,  under  various  conditions  hereafter  to  be  described 
(sect.  3),  it  may  occiu'  in  such  a  manner,  that  the  clot,  or  a  portion  of  it, 
is  left  colourless. — The  Fibrin,  Albumen,  and  Saline  components  of  the 
Blood  present  no  other  chai-actcrs  than  those  which  have  been  already 
detailed  in  the  general  account  of  these  sulDstances  (chap,  ii.) ;  and  the  only 
constituents  remaining  to  be  described,  therefore,  are  the  Coi-puscular, 
which  are  not  mere  organic  compounds,  but  have  a  regularly  organized 
structure. 

139.  The  Jied  Corpuscles  of  the  Blood  (commonly,  but  eiToneously, 
termed  '  globules ')  are  cells  of  a  flattened  or  discoidal  form,  which,  in 
Man,  as  in  most  of  the  Mammalia,  have  a  distinctly  circular  outline.  In 
the  discs  of  Human  blood,  when  this  is  examined  in  its  natural  condition, 
the  sides  are  somewhat  concave;  and  there  is  a  bright  spot  in  the  centre, 
which  has  been  regarded  by  many  as  indicating  the  existence  of  a  nu- 
cleus ;  though  it  is  really  nothing  else  than  an  effect  of  refraction,  and 
may  be  exchanged  for  a  dark  one  by  slightly  altering  the  focus  of  the 
Microscope  (Fig.  10).  The  foim  of  the  disc  is  very  much  altered  by 
various  reagents ;  for  the  membi'ane  which  composes  its  exterior,  or  cell- 
wall,  is  readily  permeable  by  liquids:  so  as  to  admit  of  their  passage, 
according  to  the  laws  of  Endosmose,  either  inwards  or  outwards,  as  the 
relative  density  of  the  contents  of  the  cell  and  of  the  surrounding  fluid 
may  direct.  Thus,  if  the  Red  Corpuscles  be  treated  with  water,  or 
with  a  solution  of  sugar,  albumen,  or  salt,  which  is  of  less  density  than 
the  liquor  sanguinis,  there .  is  a  ptissnge  of  this  liquid  into  the  cell ;  the 
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Red  Corpuscles  of  Human  Blood ;  represented 
at  a,  as  they  are  seen  when  rather  beyond  the  focus 


ilisc  fivst  becomes  flat,  and  then  double-convex,  so  that  the  central  spot 
iisappeai's;  and  by  a  continuance  of  the  same  process,  it  at  last  becomes 
globular,  and  finally  bursts,  the  cell-wall  giving  way,  and  allowing  the 
diffiisiou  of  its  contents  through  the  surrounding  liquid.    If,  on  the 
'ther  hand,  the  Eed  Corpuscles  be  treated  with  a  thick  syrup  or  with  a 
->Iution  of  albumen  or  of  salt,  they  will  be  more  or  less  completely 
emptied,  and  caused  to  assume  a 
lirunken  appearance;  the  first  effect  Fig.  10. 

■  rthe  process  being  to  increase  the 
concavity,  and  to  render  the  central 
<pot  more  distinct.*  It  is  probable 
that  the  Blood-corpuscles,  even  whilst 
they  are  circulating  in  the  living  ves- 
sels, are  liable  to  alterations  of  this 
kind,  from  variations  in  the  density 
(  if  the  fluid  in.  which  they  float  j  and 
that  such  alterations  may  be  con- 
stantly connected  with  certain  dis- 
ordered states  of  the  system. t  Thus,  of  the  microscope;  and  at  b  as  they  appear  when 
•  ,T_      ,         1,  li.      i.*        •      within  the  focus.    Magnified  400  diameters. 

even  without  such  an  alteration  m  ^ 
the  Blood  as  would  constitute  disease,  its  proportion  of  water  may  be 
temporai'ily  so  much  diminished  by  diuresis  or  excessive  perspiration, 
unbalanced  by  a  corresponding  ingestion  of  liquid,  that  the  corpuscles 
may  be  made  to  present  a  granulated  edge;  which  is  rendered  smooth 

L^ain  by  the  dilution  of  the  liquor  sanguinis  with  water.  We  hence  see 
che  necessity,  in  examining  the  Blood  microscopically,  for  employing  a 
fluid  for  its  dilution,  that  shall  be  as  nearly  as  possible  of  the  same 
character  with  its  ordinary  '  liquor  sanguinis.'  %  —  Microscopic  observers 
were  formerly  divided  upon  the  question,  whether  or  not  the  Red  Cor- 
]>uscles  of  the  blood  of  Man  and  other  Mammalia  contain  a  nucleus;  but 
of  late  there  has  been  a  general  accordance  in  the  statement,  that,  in  the 
Jnlly  formed  discs,  no  nucleus  is  discoverable,  although  it  may  be  some- 
times seen  in  cells  whose  formation  seems  to  be  incomplete;  and  from 
the  obseiwations  of  Mr.  Paget  and  of  Mr.  Wharton  Jones,  it  would  seem 
that  we  are  to  regard  the  absence  of  nucleus  as  marking  a  more  advanced 
-tage  of  development,  than  that  which  obtains  in  the  blood-corpuscles  of 

1  le  lower  Vertebrata,  or  in  the  early  condition  of  those  of  the  highest 
(§§  150,  151). 

*  A  large  number  of  experiments  of  this  kind  were  made,  and  their  results  accurately 
recorded,  by  Hewson  (see  his  "  Inquiry  into  the  Properties  of  the  Blood,"  1 782,  and  his 

Description  of  the  Red  Particles  of  the  Blood,"  1788),  who  drew  from  them  the  inference 
'>f  the  vesicular  character  of  the  Red  Corpuscles.     These  experiments  were  repeated  and 

:iried  by  other  physiologists,  of  whose  results  a  table  has  been  given  by  Mr.  Ancell  ("  Lec- 

iresonthe  Physiology  and  Pathology  of  the  Blood,'  in  the  "  Lancet,"  Dec.  7,  1839);  but  the 
acts  stated  in' the  text  are  those  of  most  importance,  and  their  true  rationale  seems  to  have 

'•en  first  given  by  Dr.  G.  0.  Rees  and  Mr.  S.  Lane.    (See  their  Memoir  '  On  the  Structure 
'I  the  Blood  Corpuscle,'  in  "Guy's  Hospital  Reports,"  No.  xiii.) 
+  See  Dr.  G,  0.  Rees's  Gulstonian  Lectures  in  the  "  Medical  Gazette  "  for  1845. 
+  By  Wagner,  the  filtered  serum  of  frog's  blood  is  recommended  for  this  purpose.  Weak 

dilutions  of  salt  or  sugar,  and  urine,  answer  tolerably  well;  but  Mr.  Gulliver  remarks  that 
•ill  addition  must  be  avoided,  when  it  is  intended  to  measure  the  corpuscles,  or  to  ascertain 
tlicir  true  forms ;  since  even  the  serum  of  one  Mammal  reacts  injuriously  on  the  blood  of  an- 
other.   See  "  Philos.  Magaz."  Jan.  and  Feb.  1840. 
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140.  In  all  Oviparous  Vertebrata,  without  any  known  exception,  the 
Ked  Corijuscles  are  oval— the  proportion  between  their  long  and  their 
short  diameters,  however,  being  much  subject  to  variation;  and  their 
nuclei  may  always  be  brought  into  view,  by  treatment  with  acetic  acid, 
when  not  at  first  visible.  In  the  red  particles  of  the  Frog,  which  are  far 
larger  than  those  of  Man,  a  nucleus  can  be  observed  to  project  somewhat 

from  the  central  portion  of  the 
_  oval,  even  during  their  cu'cula- 

tion  (Fig.  11,  a,  a)  ;  and  it  is 
brought  into  extreme  distinctness 
by  the  action  of  acetic  acid,  which 
renders  the  remainder  of  the  par- 
ticle extremely  transparent,  whilst 
it  gives  increased  opacity  to  the 
nucleus,  which  is  then  seen  to  con- 
sist of  a  granular  siibstance  (d). 
In  the  still  lai-ger  blood-disc  of  the 

Red  Corpuscles  of  i^roi3''s  blood;  a,  a,  their  flattened  T>,.^i.^,,„  o:   j-T,* 

face  ;  b,  particle  turned  nearly  edgeways;  c,  lymph-  ^  lOtCUS  and  birCU,  thlS  appearance 

globule  ;  d,  red  corpuscles  altered  by  dilute  acetic  is  yet  more  distiuct ;  the  StrUCtlU^e 
acid.    Mairnificd  500  diameters.  n  ,         ,  . 

or  the  nucleus  being  so  evident 
without  the  addition  of  acetic  acid,  that  its  gi-anules  can  be  counted.* 

141.  The  form  of  the  Red  Corpuscles  is  not  unfrequently  seen  to 
change  during  their  circulation ;  but  this  is  generally  in  consequence  of 
pressure,  from  the  effects  of  which,  however,  they  quickly  recover  them- 
selves. In  the  capillary  vessels,  they  sometimes  become  suddenly  elongated, 
twisted,  or  bent,  through  a  narrowing  of  the  channel;  and  this  change 
may  take  place  to  such  a  degree,  as  to  enable  the  disc  to  pass  through  an 
aperture,  which  appeal's  very  minute  in  proportion  to  its  diameter.  When 
undergoing  spontaneous  decomposition,  the  blood-discs  become  granulated, 
and  sometimes  (as  long  since  noticed  by  Hewson)  even  mulberry-shaped; 
and  particles  in  which  these  changes  appear  to  be  commencing,  may  be 
found  in  the  blood  at  all  times. — The  size  of  the  blood-discs  is  liable  to 
considerable  vai'iation,  even  in  the  same  individual ;  some  being  met  with 
as  much  as  one-third  larger,  whilst  others  are  one-third  smaller,  than  the 
average.  The  diameter  of  the  corpuscles  bears  no  constant  relation  to  the 
size  of  the  animal,  even  within  the  limits  of  the  same  class;  thus,  although 
those  of  the  Elephant  are  the  largest  among  Mammalia  (as  far  as  is 
hitherto  known),  those  of  the  Mouse  tribe  are  far  from  being  the  smallest, 
being,  in  fact,  more  than  tliree  times  the  diameter  of  those  of  the  Musk 
Deer.  There  is,  however,  as  Mr.  Gulliver  has  remai'ked,  a  more  unifonn 
relation  between  the  size  of  the  animal  and  that  of  its  blood-discs,  when 
the  comparison  is  made  within  the  limits  of  the  same  order.  In  Man, 
their  diameter  varies  from  about  l-4000th  to  l-2800th  of  an  inch,  the 
average  diameter  being  probably  about  l-3200th ;  and  then-  average 
thickness,  according  to  the  same  excellent  observer,  is  about  1-1 2,400th 
of  an  inch.t — The  colour  of  the  Red  Corpuscles  is  very  pale  when  they 

*  See  "  Penny  CyclopEedla,"  Art.  *  Siren.' 

+  A  Tabular  summary  of  Mr.  Gulliver's  very  numerous  and  accurate  measurements  of  the 
Red  Corpuscles  of  the  Blood  of  different  animals,  from  all  the  classes  and  most  of  the  orders 
of  the  Vertebrate  series,  is  contained  in  the  "  Proceedings  of  the  Zoological  Society, 
No.  cii.,  and  also  in  his  Edition  of  the  "  Works  of  Hewson  "  already  referred  to,  published 
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!io  lying  in  a  single  stratum;  and  it  is  only  when  we  see  three  or  foiu' 
iperposed  one  upon  another,  that  the  full  deep  red  tint  of  their  contents 
L'comes  apparent.    The  cause  of  the  difference  in  hue  between  the  cor- 

luscles  of  arterial  and  those  of  venous  blood,  will  be  considered  hereafter 

^  16(3). 

142,  The  principal  paii;  of  the  substance  of  the  Red  Corpuscles  is 
rmed  by  the  two  compounds  Globulin  and  Hcematin,  whose  distinctive 
haracters  have  been  already  described  (§§  23,  31).    That  the  HEematin 
^  iu  a  state  of  solution  in  the  contents  of  these  blood-cells,  cannot  be 
loubted ;  but  as  regards  the  condition  of  the  Globulin  there  is  room  for 
uore  difference  of  opinion,  some  considering  it  to  be  also  in  a  fluid  state, 
lud  to  form  the  remainder  of  the  cell-contents,  whilst  others  have  re- 
garded it  as  the  constituent  of  the  cell-walls.    To  the  latter  doctrine, 
Htwever,  the  liberation  of  Globulin  as  well  as  of  Haematin,  when  the  Red 
orpuscles  are  caused  to  burst  by  being  treated  with  water  (§  139), 
ippears  a  sufficient  objection,  the  cell-walls  themselves  not  being  dis- 

ly  the  Sydenham  Society  (p.  237).  From  these,  the  following  measurements  of  the  blood 
t  domestic  animals  (expressed  in  fractions  of  an  English  inch)  may  be  selected,  as  the  most 
ikely  to  become  of  interest  in  Juridical  inquiries,  in  which  it  is  frequently  of  importance  to 
iscertain  the  precise  source  of  stains,  whose  sanguineous  character  has  been  determined. 

Man  . 

Dog 
Hare  . 
Rabbit 
Rat  . 
Mouse 
Ass  . 

Thus  it  appears  quite  possible  to  distinguisb  the  blood  of  all  the  animals  enumerated,  from 
liat  of  Man,  by  the  measurement  of  the  diameter  of  the  R^ed  Corpuscles  ;  those  of  the  Dog 
md  of  the  Rodents  approaching  his  most  nearly  in  size,  whifst  those  of  the  Ruminant  and 
Pachydermatous  quadrupeds,  and  of  the  Cat,  are  considerably  smaller. — It  is  important, 
lowever,  to  bear  in  mind,  that  the  specimens  of  blood  submitted  to  examination  in  Juridical 
nquu-ies  will  for  the  most  part  have  been  dried  ;  and  it  is  therefore  of  consequence  to 
^now  the  comparative  dimensions  of  the  blood-discs,  after  they  have  been  submitted  to  this 
Jioeess.  These  are  given  as  follows  by  Schmidt,  in  his  recent  work  on  the  diagnosis  of 
uspicious  spots  in  criminal  cases  ("  Die  Diagnostik  verdachtiger  Flecke  im  Criminal? tiller ")  ; 
:he  measurements  being  expressed  in  decimals  of  a  millimetre. 


1.3200 

Pig  . 

1-4230 

1-3532 

Ox 

1-4267 

1-3560 

Red  Deer 

1-4324 

1-3607 

Cat 

1-4404 

1-3754 

Horse 

1-4600 

1-3814 

Sheep 

• 

1-5300 

1-4000 

Goat  . 

• 

1-6366 

Mean. 

Maximum. 

Minimum. 

Man  . 

•  • 

0-0077 

0-0080 

0-0074 

Dog 

.    0  0070 

0-0074 

0-0066 

Rabbit 

0-0064 

0-0070 

0-0060 

Rat 

.    0  0064 

0-0068  • 

0-0060 

Pig  . 

0-0062 

0-0065 

0-0060 

Mouse 

.  0-0061 

0-0065 

0-0058 

Ox 

0-0058 

0-0062 

0-0054 

Cat 

.  0-0056 

0-0060 

0-0053 

Horse  . 

0-0057 

0-0060 

0-0053 

Sheep 

.  0-0045 

0  0048 

0-0040 

The  relative  sizes  of  the  Red  Corpuscles  expressed  by  this  Table,  will  be  seen  to  corre- 
^ond  closely  with  those  assigned  by  Mr.  Gulliver,  in  every  case  but  that  of  the  Pig,  with 
regard  to  which  there  must  certainly  be  a  mistake  on  one  side  or  the  other. — The  oval  form 
and  prominent  nucleus  of  the  Red  Corpuscles  of  all  the  oviparous  Vcrtebrata,  enable  them  to 
be  distinguished  from  those  of  Man  without  the  slightest  difficulty  ;  consequently  no  question 
can  ever  lie  between  a  stain  left  by  the  blood  of  a  Fowl,  a  Turtle,  or  a  Cod,  and  that  left  by 
iiuman  blood,  when  the  corpuscles  can  be  distinctly  made  out  with  the  assistance  of  the 
microBcope. 
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solved  j  and  the  very  lai'ge  proportion  which  the  Globulin  bears  to  the 
Hsematin  is  scarcely  less  significant. — The  following  is  given  by  Prof. 
Lehmann  (Op.  cit.,  band  ii.  p.  152)  as  the  relative  Chemical  constitution 
of  the  Eed  Corpuscles  and  of  the  Liquor  Sanguinis,  which  there  is  ;i 
great  advantage  in  thus  bringing  into  comparison. 

1000  parts  of  Red  Corpuscles  contain  1000  parts  of  Liquor  Saiiguivis  contain 

Water  ....  688-00  Water  ....  i)02-90 
Solid  residue  .  .  312-00     Solid  residue  .  .  97'10 


Haemaiin  (including  iron)  .  16-75 

Globulin  and  cell  membrane  .  2^2'22 
Fat        .  .  .  .2-31 

Extractive  Mutters    .  .  2-60 

Mineral  substances  (exclusive  of  iron)  8*12 


Chlorine  . 
Sulphuric  acid 
Phosphoric  acid  . 
Potassium 
Sodium  . 
Oxygen 

Phosphate  of  Lime 
Phosphate  of  Magnesia 


1-686 

0-  066 

1-  134 
.3-328 
1-032 
0-667 
0-114 
0-073 


Fibrin 

Albumen 

Fat 

Extractive  Matters 
Mineral  substances 


Chlorine 
Sulphuric  acid 
Phosphoric  acid 
Potassium 
Sodium 
Oxygen  . 
Phosphate  of  Lime 
Phosphate  of  Magnesia 


4-0.5 
78-84 
1-72 

3-9) 
8-i 

3-644  \. 

0-1J5 

0-191 

o-3-.';j 

3-341  , 
0-403  ( 
0-311  1 
0-2-2'2  ' 


From  this  we  see  that  not  only  do  the  Hromatin  and  Globulin  of  the  Cor- 
puscles replace  the  Fibrin  and  Albumen  of  the  Liquor  Sanguinis,  but  the 
proportion  of  Fat  in  the  former  is  considerably  greater  than  in  the 
latter;  and  that  although  the  whole  amount  of  mineral  matter  (exclud- 
ing the  iron  of  the  Hsematin,  which  will  amount  to  I'lT,)  is  nearly  th( 
same  in  the  Corpuscles  as  in  the  Liquor  Sangxiinis,  yet  that  there  is  a  mv> 
remarkable  and  significant  difference  in  its  constituents  in  the  two  case 
respectively.  For  while  the  Chlorine  of  the  corpuscles  is  to  that  of  tlu 
liq.  sang,  as  1  :2-16,  the  Phosphoric  acid  of  the  corpuscles  to  that  of  the 
liq.  sang,  as  neai'ly  6:1;  and  whilst  the  Sodium  of  the  corpuscles  is  to 
that  of  the  liq.  sang,  as  1  :3-3,  the  Potassium  of  the  corjDuscles  is  to 
that  of  the  liq.  sang.'  as  10-3  to  1.  Hence  it  is  obvious  that  the  Chloride 
of  Sodium  of  the  blood  must  be  principally  contained  within  the  liquor 
sanguinis,  whilst  the  Potash  of  the  blood  is  almost  wholly  included  in 
the  substance  of  the  coi-puscles ;  and  from  the  excess  of  Phosphorus  in 
the  corpuscles,  as  well  as  of  Fat,  it  may  be  fairly  concluded,  that  it  is  in 
them  that  the  peculiar  ' phosphorized  fats'  ai'e  chiefly  formed.  These 
facts  seem  to  suggest  a  very  important  office  for  the  Eed  CoiiDuscles. 
which  is  in  harmony  with  all  we  know  of  the  ratio  which  their  amoimt  in 
different  animals  and  in  different  individuals  of  the  Human  species,  bears  i 
to  the  development  of  nervo-muscular  power  (§  194);  namely,  that  they 
are  esi^ecially  concerned  in  preparing  the  j^:)a&M^wm  for  the  Nervous  and 
Muscular  tissues,  the  former  of  which  is  disting-uished  by  the  presence  of 
phosphorized  fats  (§  44),  and  the  latter  by  the  remarkable  predominance 
of  the  potash-salts  (§  85).  And  this  ^dew  derives  fui'ther  confirmation 
from  the  fact,  that  a  flesh-diet  seems  to  have  a  decided  effect  in  promoting 
the  formation  of  the  red  corpuscles  (§  IGl).*    The  Eed  Corpuscles  appear  ' 

•  So  long  as  the  error  of  identifying  the  substance  of  Muscle  with  the  Fibrin  of  the  Blooc 
prevailed  amongst  Chemists  and  Physiologists,  the  idea  stated  above  would  have  had  litu 
weight ;  but  now  that  we  know  that  no  special  relation  between  them  exists  ($  25),  we  ai 
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liave  a  remarkable  power  of  absorbing  certain  gases ;  for  it  has  been 
uud  by  Van  Maack  and  Scherer  that  a  solution  of  haematin  possesses  a 
>usiderable  power  of  attracting  oxygen,  the  latter  of  these  chemist's 
viug  also  ascertained  that  after  the  absorption  of  oxygen  there  is  a 
li'ht  development  of  cai-bonic  acid ;  whilst  it  has  been  proved  by  the 
xoeriments  of  Davy,  Nasse,  Scherer,  Magnus,  and  Lehmann  (see  Op. 
it.,  band  ii.  p.  180),  that  the  capacity  of  defibrinated  blood  (i.e.  of 
erum  +  coi-puscles)  for  absorbing  oxygen  and  carbonic  acid,  is  much  greater 
lian  that  of  serum  alone,  being  at  least  twice  as  much  for  equal  volumes, 
lence  it  seems  certain,  that  the-  Red  Corpuscles  must  contain  a  large  pro- 
lortion  of  the  gases  of  the  blood  (§  163). 

143.  In  addition  to  what  has  been  already  stated  of  the  influence  of 
VLiter,  saline  and  other  solutions,  and  acetic  acid,  upon  the  form  and  con- 
lition  of  the  Red  Corpuscles,  the  following  facts  may  be  stated  with  regard 
0  the  efiects  of  these  and  other  reagents. — According  to  Miiller,*  the 
iivelopes  of  the  corpuscles  which  have  been  caused  to  burst  by  the  action 
if  luateVy  remain  unchanged  in  the  liquid  for  twenty-four  hours  or  more ; 
nit  after  remaining  for  some  days  in  contact  with  it,  they  are  dissolved 
>y  it.    The  nuclei  of  the  nucleated  corpuscles,  however,  resist  its  solvent 
iction;  and  these  behave,  when  treated  with  acids  and  alkalies,  as  fibrin 
tr  coagTdated  albumen  would  do.    The  action  of  acetic  acid  upon  the  wall 
'f  the  corpuscle  is  not  that  of  solution,  for  the  membrane  is  still  distin- 
aiishable  as  a  delicate  film  around  the  nucleus,  and  may  be  brought  into 
lore  obvious  view  by  tincture  of  iodine;  but  it  seems  to  occasion  the 
lischarge  of  the  coloured  contents  of  the  vesicle,  either  by  causing  a  con- 
n-action or  collapse  of  its  wall,  or  (more  probably)  by  augmenting  its 
lenneability.    The  action  of  the  mineral  acids  upon  the  red  corpuscles . 
quite  different;  for  these  occasion  a  coagulation, of  the  contents  of  the 
Us  in  their  interior,  so  that  they  are  no  longer  distended  by  water ;  and 
liis  without  producing  any  other  change  of  shape,  than  a  slight  corruga- 
;ion.    Chlorine  and  alcohol  produce  a  similar  effect.    On  the  other  hand, 
he  corpuscles  are  entirely  dissolved  by  the  mineral  alkalies  and  by 
rmmonia;  the  cell-walls  (and  nuclei)  disappearing  completely,  and  the 
■cU-contents  being  diffused  through  the  solution.    According  to  Hiinefeld 
lud  Simon,  the  walls  of  the  corpuscles  are  dissolved,  and  their  contents 
t  free,  when  they  axe  treated  either  with  hile  or  with  ether;  it  is  also 
tirmed  by  Simon,  that  olive  oil  exerts  a  like  solvent  power;  and  Hiine- 
Id  states  that  pure  urea  causes  the  rupture  and  partial  solution  of  the 
U-walls  and  the  dispersion  of  their  contents.t    (An  admixture  of  urine 
with  the  blood  seems  to  exert  no  other  influence  upon  the  corpuscles, 
H  i  an  a  saline  solution  of  equal  density  would  do,  as  was  long  since  ascer- 
tained by  Hewson.) — It  is  afl&rmed  by  Lehmann,  however,  that  the  solution 
f)f  the  walls  of  the  blood-corpuscles  is  rather  apparent  than  real ;  for  that 
in  very  few  cases  is  it  actually  dissolved,  being  generally  transformed  into 

I'  ce  to  attribute  the  source  of  the  Muscular  structure  to  whichever  component  of  the  Blood 
seems  most  likely  to  afford  it;  and  in  the  absence  of  any  very  positive  distinction  between 
the  composition  and  properties  of  Albumen  and  Globulin,  the  peculiar  relation  between  the 
mineral  constituents  of  Muscle  and  tliose  of  the  Red  Corpuscles,  seem  to  be  the  surest  guide 
th  at  we  can  adopt. 

•  "  Manuel  de  Physiologie,"  4ieme  edit.,  traduit  par  Jourdain,  torn.  i.  p.  92. 
t  See  Simon's  "'Animal  Chemistry,"  translated  by  Dr.  Day,  vol.  i.  pp.  108-111,  and 
Hiinefeld  "  Der  Chemismus  in  Thierischen  Organisation."  ' 
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a  mucous  or  gelatinous  condition,  in  which  it  ceases  to  be  distinguishabl 
in  consequence  of  its  co-efficient  of  refraction  being  the  same  with  that 
the  plasma.    And  he  founds  this  conckision,  not  merely  upon  the 
that  the  capsule  is  often  made  visible  again,  either  in  its  integral  state 
in  fragments,  by  the  addition  of  tincture  of  iodine  or  of  some  saline  sol 
tions  j  but  also  upon  the  viscid  and  glutinous  condition  of  the  blood,  afte 
the  addition  of  dilute  organic  acids,  alkaline  carbonates,  iodide  of  po 
slum,  and  other  substances.    For  these  reagents  do  not  reduce  either  th 
liquor  sanguinis  or  the  serum  to  a  state  in  which  it  can  be  drawn  out 
threads,  and  hence  this  must  depend  upon  the  piresence  of  the  corpuscles 
whilst,  moreover,  on  neutralizing  with  acids  or  with  alkalies  blood  whic 
has  been  thus  changed,  or  on  adding  to  it  a  solution  of  iodine  or  sulpha 
of  soda,  the  cell-walls  of  the  coi'puscles  again  become  visible,  and  the  bloo 
loses  its  viscidity.    It  is  further  remarked  by  Prof  Lehmann,  that  som 
of  the  Red  Corpuscles  resist  the.  influence  of  reagents  much  more 
others  do;  and  he  infers  that  the  latter  are  the  older  cells,  as  ha 
the  strongest  tendency  to  disintegration;  whilst  those  which  present 
unusual  resisting  power,  he  infers  to  be  young  cells  which  have  not  ye 
acquired  the  normal  characters  of  the  red  coi'puscles.* 

144.  The  Red  Corpuscles,  when  freely  floating  in  the  Liquor  Sanguini 
of  blood  no  longer  in  motion,  exhibit  a  marked  tendency  to  approxima' 
one  another ;  usually  coming  into  contact  by  their  flattened  surfaces, 
that  a  number  of  them  thus  aggregated  present  the  appearance  of  a  pil 
of  coins ;  or,  if  the  stratum  be  too  thin  to  permit  them  to  lie  in  this  man 
ner,  partially  ovei'lapping  one  another,  or  even  adhering  by  their  edge 
which  then  frequently  become  polygonal  instead  of  circular.    The  co 
puscles  when  thus  adherent,  resist  the  influence  of  forces  which  tend  t 
detach  them,  and  will  even  undergo  considerable  changes  of  shape,  rathe 
than  separate  from  each  other :  if  forced  asunder,  however,  they  resum 
their  normal  form.    After  thus  remaining  adherent  for  a  time,  they  see 
to  lose  their  attractive  force ;  for  they  are  then  seen  to  separate  from  eac 
other  spontaneously.    This  peculiar  tendency  to  aggregation  is  doubtle 
one  of  the  circumstances  which  influences  the  coagulation  of  the  blood 
it  is  most  sti'ongly  manifested  in  inflammatory  blood,  and  assists  in  th 
production  of  the  buffy  coat  (§  189);  whilst,  on  the  other  hand,  it  seem 
to  be  neutralized  by  the  action  of  most  saline  substances,  since,  if  th 
be  added  to  the  blood,  the  corpuscles  do  not  ran  together. 

145.  Besides  the  red  corpuscles  of  the  Blood,  there  ai'e  othere  whi 
possess  no  colom*  and  might  seem  to  have  a  function  altogether  different 
these  are  known  as  the  W7ute  or  Colourless  corpuscles  (Fig.  11,  c).  The 
existence  has  long  been  recognized  in  the  blood  of  the  lower  Vertebra 
where,  from  being  much  smaller  than  the  red  corpuscles,  as  well  as  fro" 
differmg  widely  in  shape,  they  could  readily  be  distinguished.    But  it 
only  of  late  (chiefly  through  the  researches  of  Gtdliver,t  Addison,J  an 
others),  that  they  have  been  recognized  in  the  blood  of  Man  and  othe 
Mammalia;  their  size  being  nearly  the  same  with  that  of  the  red  cor 
puscles;  and  the  general  appearance  of  the  two  (owing  to  the  circul 
form  of  the  latter,  and  the  absence  of  a  proper  nucleus;)  being  less  diverse 

*  Op.  cit.,  band  ii.  p.  175. 

t  Notes  and  Appendix  to  Translation  of  "Gerber's  General  Anatomy." 
i  "Transactions  of  Provincial  Medical  Association,"  1842  and  1843. 
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is  remarkable  that,  notwitlistanding  the  great  variations  in  the  size  of 
le  red  coi"puscles  in  the  difiereut  classes  of  Vertebrata,  the  dimensions 
'  the  colourless  corpuscles  are  extremely  constant  throughout;  their 
ameter  seldom  being  much  greater  or  less  than  l-3000th  of  an  inch  in 
le  warm-blooded  Vertebrata,  and  1-2 5 00th  of  an  inch  in  Reptiles.  This 
(lids  good  even  in  those  animals, — the  Musk-Deer,  and  the  Proteus, — 
luch  present  the  widest  departure  from  the  general  standard  in  the  size 
f  their  red  corpuscles;  so  that  the  colom^less  corpuscle  is  as  much  as 
•ur  times  the  diameter  of  the  red,  in  one  instance;  whilst  it  is  not  one- 
ahth  of  the  long  diameter  of  the  red,,  in  the  other. — The  aspect  of  the 
I jlomiess  corpuscles  under  the  microscope  is  by  no  means  constant ;  but 
leir  vai-iations  seem  to  depend  upon  their  degree  of  development,  and  all 

I  adations  from  one  condition  to  another  may  be  readily  traced.  In  their 
irly  state  (in  which  they  most  resemble  the  corpuscles  of  the  chyle  and 
mph),  the  cell-membrane  can  scai'cely  be  distinguished  from  the  large 
ucleus  to  which  it  is  applied,  unless  the  cell  be  distended  with  water  or 
:etic  acid,  which  enables  us  to  see  that  the  nucleus  is  a  soft  granular 
iberculated  mass,  which  is  disposed  to  break  up  readily  into  two  or  more 
agments.  In  a  later  stage,  however,  (of  those,  at  least,  which  do  not  go 
a  to  be  developed  into  red  corpuscles)  we  find  the  nucleus  apparently 
ispersed  into  numerous  isolated  particles,  which  give  to  the  entire  cell  a 
'mewhat  granular  and  tuberculated  aspect;  and  these  particles  may 
)metimes  be  seen  in  molecular  movement  within  the  cell.  When  the 
"loiuiess  corpuscles  are  treated  with  a  dilute  solution  of  potash,  they 
leedily  bm-st  and  discharge  these  granules,  whose  molecular  movement 
ill  continues.  The  Colourless  corpuscles  possess,  moreover,  a  higher 
fracting  pOwer  than  the  red;  from  which  they  are  farther  distinguished 
y  their  greater  firmness,  and  by  the  absence  of  ^my  disposition  to  adhere 
>  each  other;  so  that,  when  a  drop  of  recent  blood  is  placed  between  two 
rips  of  glass,  and  these  are  gently  moved  over  one  another,  the  white 

■puscles  may  be  at  once  recognized  by  their  solitariness,  in  the  midst  of 
le  rows  and  irregular  masses  formed  by  the  aggregation  of  the  red.  This 
;  still  better  seen  in  inflammatory  blood ;  in  which  the  Red  corpuscles 
ave  a  peculiar  tendency  to  adhere  to  one  another,  whilst  the  White  are 
ommonly  present  in  unusual  number. 

146.  The  Colourless  corpuscles  may  be  readily  distinguished  in  the 
ii'culating  Blood,  in  the  capillaries  of  the  Frog's  foot;  and  it  is  then 
Ijservable  that  they  occupy  the  exterior  of  the  cm'rent,  where  the  motion 
t  the  fluid  is  slow,  whilst  the  red  corpuscles  move  rapidly  through  the 
outre  of  the  tube.    The  Colourless  corpuscles,  indeed,  often  show  a  dis- 

sition  to  adhere  to  the  walls  of  the  vessels;  which  is  manifestly  increased 

I  the  application  of  an  irritant.  Hence  the  idea  naturally  arises,  that 
")  use  the  words  of  Mr.  Wharton  Jones)  "there  is  some  recij)rocal  rela- 
ion  between  the  colourless  corpuscles,  and  the  parts  outside  the  vessels, 

II  the  process  of  nutrition."  Of  the  nature  of  this  relation  we  have  no 
trtain  knowledge;  but  if  the  Red  corpuscles  discharge  the  function 
^liich  has  been  suggested  for  them  (§  142),  of  preparing  the  nutrient 
naterial  for  Muscle  and  Nei-ve,  it  may  not  be  deemed  improbable  that 
He  Colourless  coi-puscles  should  perform  a  similar  office  for  the  other 
1  luminous  tissues. — A  very  remarkable  spontaneous  change  of  form  has 

on  observed  by  Mr.  Whaiton  Jones  to  take  place  in  the  Colourless 
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Fig.  12. 


corpuscles  whilst  being  examined  under  the  microscope  ;*  and  tliis  not 
only  in  the  blood  of  Man,  but  in  that  of  animals  of  all  the  Vertebrated 

classes,  as  also  in  that  of  Inveiie- 
brata,  whose  only  corpuscles  are  of 
this  character  (§  147).  From  some 
point  of  their  circumference  a  pro- 
trusion of  the  cell-wall  takes  place 
the  form  of  which  seems  quite  inde- 
finite ;  soon  afterwards,  another  pro- 
trusion may  be  seen  to  arise  from 
another  part  of  the  cell,  the  first 
being  either  drawn  in  again,  or  re- 
maining as  it  was ;  and  thus  the  con- 
figuration of  the  corpuscles  may  be 
seen  to  imdergo  several  changes  be- 
fore the  process  finally  ceases,  and 
this  whilst  they  are  floating  in  their 
own  serum,  and  the  red  corpuscles 
are  lying  quite  jaassive  in  their  im- 
mediate vicinity.  These  changes  of 
•     „ .    ,     ,     .^  •,■,7  ^   c  n    form,  which  bear  a  stinkine*  resem- 

A  small  Venous  trunk,  o,  from  the  Web  of  the  '  i  /.     ""^  j.v>o>^iJj 

Frog-'s  foot,  nindnificd  350  Diameters;  6,  6,  cells   blauce   tO  thoSC  of  the  ProteUS-CCll, 

^)SXcen  thecuVTn^'^^^^  already  refen-ed  to  (§  109),  ai-e  affirm- 

ant! the  walls  of  the  vessel,  the  round  transparent  ed  by  Dr.  DavaiuC  (bv  whom  they 
white  corpuscles  are  seen.  ^  ^      '  ,^      ,    t    i\  ' 

have  been  more  recently  studied)  t<  > 
be  visible  even  whilst  the  blood  is  circulating  through  the  vessels,  in  thosi 
colourless  corpuscles  which  ai'e  retarded  by  attraction  to  their  walls.t 

147.  The  proj)ortion  which  the  White  or  Colourless  corpuscles  bear  tc 
the  Red,  is  very  small  in  the  blood  of  Man  and  the  higher  Vertebrata; 
being,  in  the  state  of  health,  not  more  than  1  : 50.  It  may  undergo  a 
great  increase  in  disease,  however,  as  will  be  shown  hereafter  (§  175). 
In  the  oviparous  Vertebrata,  the  proportion  is  higher ;  thus  it  has  been 
observed  by  Wagner  J  to  be  as  1  : 16  in  the  blood  of  a  Frog  examined  in 
February,  and  as  1:6  in  similar  blood  examined  in  August.  In  one 
Vertebrated  animal,  the  Amphioxus,  the  Red  corpuscles  are  wanting 
altogether,  their  place  in  the  circulating  blood  being  taken  by  the  Colom- 
less.  And  in  the  Invertebrate  series  generally,  the  corpuscles  of  the 
circulating  fluid  correspond  rather  to  the  colourless  corpuscles  of  the 
Blood  of  Vertebrata,  and  to  the  corpuscles  of  Lymph  and  Chyle  (which 
may  be  regarded  as  the  same  bodies  in  an  eaiiier  stage  of  development), 
than  they  do  to  the  red  corpuscles,  which  are  peculiar  to  Vertebrata.§ 
Thus,  in  one  of  its  most  characteristic  features,  the  Blood  of  Invertebrate 
(and  of  Amphioxus)  may  be  likened  rather  to  the  Lymph  and  Chyle 
of  Vertebrated  animals,  than  to  their  Blood ;  and  this  resemblance  is 
strengthened  by  the  fact,  that  there  is  no  distinction  in  the  former  between 


*  "  Philosophical  Transactions,"  1846,  pp.  64,  71,  90,  &c. 
+  "  Memoires  do  la  Societe  de  Biologie,"  torn.  ii.  pp.  103-5. 


X  "  Elements  of  Physiology,"  translated  by  Dr.  Willis,  p.  246. 
§  See  Mr.  Wharton  .Jones's  Memoirs  on  '  the  Blood  Corpuscle  considered  in  its  different 
Phases  of  Development  in  the  Animal  Series,'  in  the  "  Philos.  Trans.,"  1846 ;  also  "Princ. 
of  Gen.  and  Comp.  Phys.,"  §  567. 
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the  absorbent  and  the  sanguiferous  vessels,  which,  in  the  latter,  contain 
the  nutritious  fluid  in  its  earlier  and  its  later  stages  of  development.  More- 
over, the  earliest  blood-corpuscles  of  the  embryo  of  even  the  highest 
Vertebrata  are  colourless;  and  long  after  the  blood  has  acquired  its  cha- 
racteristic hue  from  the  development  of  red  corpuscles,  the  colourless 
corpuscles  bear  a  very  large  proportion  to  the  red,  so  as  even  to  equal 
them  in  number  (as  the  author  is  informed  by  Mr.  Gulliver)  in  the 
blood  of  foetal  Deer  an  inch  and  a  half  long,  and  absolutely  prepon- 
derating in  the  blood  of  still  smaller  embryoes. 

148.  Tliere  can  be  no  doubt  that  both  the  Eed  and  the  Colourless 
corpuscles  have,  like  other  Cells,  a  definite  term  of  life ;  and  that,  whilst 
some  are  undei-going  disintegration,  others  are  in  a  state  of  advancing 
development  to  supply  their  places,  so  that  the  entire  mass  of  both  is 
imdergoing  continual  change.  That  a  new  production  of  Red  corpuscles 
may  take  place  with  considerable  rapidity,  we  have  evidence  in  the  resto- 
ration of  their  normal  proportion  after  it  has  been  lowered  by  haemor- 
rhage (§  162),  and  in  the  speedy  increase  which  may  be  effected  in  their 
amount  in  blood  in  which  they  have  been  excessively  diminished  by 
disease  (§  1 74) ;  this  being  especially  promoted  by  the  administration  of 
Iron,  and  by  a  generous  diet.  On  the  other  hand,  various  appearances 
indicative  of  degeneration  may  be  seen  in  the  Red  corpuscles;  and 
this  especially  in  the  blood  of  the  Oviparous  Vertebrata,  which  usually 
contalins  coi'puscles  almost  destitute  of  colour,  and  of  shrunken  or  eroded 
aspect,  their  nuclei,  however,  presenting  a  remarkable  distinctness.  The 
question  now  ai'ises,  in  what  manner  the  two  classes  of  Corpuscles  are 
respectively  developed,  and  whether  they  have  any  relationship  to  each 
other. 

149.  That  the  fully-developed  Red  corpuscles,  when  ceasing  to  exist  as 
such,  do  not  give  origin  to  new  corpuscles  of  the  same  kind,  may  now  be 
asserted  (notwithstanding  the  statements  of  former  observers)  to  be  the 
concuiTent  opinion  of  nearly  all  who  have  in  recent  times  specially  devoted 
themselves  to  this  inquiry ;  for  although  they  may  occasionally  be  seen  to 
undergo  duplicative  subdivision  (§  104),  yet  this  multiplication  only  takes 
place  at  an  early  period  of  their  development.  The  first  Red  corpuscles 
unquestionably  have  their  origin,  like  the  original  cells  of  the  solid  tissues, 
in  the  primordial  cells  of  the  germinal  structure ;  and  it  is  in  the  so-called 
'vascular  layer'  of  the  'blastodermic  vesicle'  (chap,  xix.),  and  in  the  mass 
of  cells  which  constitutes  the  rudiment  of  the  heart,  that  this  metamor- 
phosis seems  first  to  take  place.  The  situation  of  the  heart,  and  the 
course  of  the  principal  trimks  of  the  '  vascular  area,'  are  early  marked  out 
by  the  peculiar  disposition  of  the  aggregations  of  cells  from  which  these 
organs  are  to  be  developed ;  and  whilst  the  outer  portions  of  these  aggre- 
gations are  transformed  into  the  ivalls  of  the  respective  cavities,  the  inner 
portions  seem  partly  to  deliquesce,  and  partly  to  remain  as  isolated  cells 
floating  in  the  liquid  thus  produced.  These  isolated  cells  are  the  first 
blood-corpuscles;  and  the  following  account  of  them  is  given  by  Mr. 
Paget,*  who  has  made  them  the  subject  of  careful  study.  "  As  described 
by  Vogt,  Kolliker,  and  Cramer,  they  are  large  colourless  vesicular  sphe- 

•  This  account  is  cited  from  Messrs.  Kirkes  and  Paget's  "  Hand-Book  of  Physiology," 
(pp.  6.5-8),  in  which  it  appears  as  an  abstract  of  a  part  of  Mr.  Paget's  Lectures  on  the 
Life  of  the  Blood,'  delivered  at  the  College  of -Burgeons  in  1 848. 
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rical  cells,  full  of  yellowish  particles  of  a  substance  like  fatty  matter; 
many  of  which  particles  are  quadrangular  and  flattened,  and  have  been 
called  stearine-plates,  though  they  are  not  proved  to  consist  of  that  or 
any  other  unmixed  fatty  substance.    Among  these  pai'ticles  each  cell  has 
a  central  nucleus,  which,  however,  is  at  first  much  obscured  by  them. 
The  development  of  these  embryo-cells  into  the  complete  form  of  the 
corpuscles  is  effected  by  the  gradual  clearing-up,  as  if  by  division  and 
liq\iefaction,  of  the  contained  particles,  the  acquirement  of  blood-colour 
and  of  the  elliptical  form,  the  flattening  of  the  cell,  and  the  more  promi- 
nent appearance  of  the  nucleus."    The  process  appears  to  be  essentially 
the  same  in  the  Fish,  the  Keptile,  and  the  Bird ;  but  it  takes  place  too 
rapidly  in  the  latter  class  for  its  stages  to  be  clearly  distinguished ;  whilst 
in  the  tadpole  the  changes  occur  so  slowly  that  they  can  be  traced  in  the 
blood  even  while  it  circulates. — The  history  of  the  development  of  the 
first  red  corpuscles  in  Mammalia  is  nearly  the  same ;  but  a  binary  multi- 
plication of  these  bodies  by  subdivision  has  been  observed  in  them,  which 
has  not  been  noticed  elsewhere.    In  watching  the  stages  of  this  process, 
it  is  seen  that  the  partition  of  the  nucleus  takes  place  completely,  before 
that  of  the  cell  itself  has  commenced.  —  The  blood-corpuscles  of  the 
Human  embryo  thus  formed,  are  described  by  Mr.  Paget  as  "  circular, 
thickly  disc-shaped,  full-coloured,  and,  on  an  average,  about  l-2.500th  of 
an  inch  in  diameter ;  their  nuclei,  which  are  about  1-5 00 0th  of  an  inch 
in  diameter,  are  central,  circular,  very  little  prominent  on  the  surfaces  of 
the  cell,  and  apparently  slightly  granular  or  tuberculated.    In  a  few 
instances,  cells  ai'e  found  with  two  nuclei;  and  such  cells  are  usually 
large  and  elliptical,  with  one  of  the  nuclei  near  each  end  of  the  long  axis." 
This  first  brood  of  red  corpuscles  soon  disappears,  when  the  lymph  and 
chyle  begin  to  be  poured  into  the  blood,  being  superseded  by  those  deve- 
loped from  the  corpuscles  brought  in  by  them ;  and  this  epoch  generally 
corresponds  closely  with  the  alteration  in  the  embryonic  circulation,  which 
consists  in  the  obliteration  of  the  branchial  arches  (chap.  xix.).    In  the 
Human  embryo,  the  first  set  of  corpuscles  seems  to  disappear  entirely 
by  the  end  of  the  second  month,  except  in  cases  of  arrested  develop- 
ment. 

150.  The  docti'ine  that  the  continued  generation  of  Red  coi"puscles  is 
due  to  the  metamorphosis  of  the  Chyle-  and  Lymph-corpuscles,  the 
Colourless  corpuscles  of  the  Blood  constituting  an  intermediate  stage  of 
development,  is  one  which  has  come  of  late  to  be  very  generally  received 
amongst  Physiologists ;  it  may  be  found,  however,  to  require  some  modi- 
fication. It  rests  upon  facts  of  three  different  orders: — 1st,  the  presence, 
in  all  ordinary  Blood,  of  corpuscles  exhibiting  what  appeal'  to  be  inter- 
mediate gradations  of  development  between  the  Lymph-corpuscle  and 
the  true  Red  corpuscle;  and  this  especially  in  blood  in  which  an  un- 
usually rapid  development  of  red  corpuscles  is  taking  place,  to  make  up 
for  previous  loss;  2nd,  frequent  ruddiness  in  the  hue  of  the  fluid  of  the 
Thoracic  duct,  which  seems  to  depend  upon  the  incipient  development 
of  Hsematine  in  some  of  its  floating  corpuscles;  and  3rd,  the  progres- 
sive transition  from  one  form  to  the  other,  which  may  be  obsen'cd  in  the 
ascending  scale  of  animal  existence.  To  these  considerations  may  be 
added,  the  absence  of  any  other  mode  of  production  that  can  be  sug- 
gested.; since  the  idea  of  the  self-multiplication  of  the  Red  -corpuscles  is 
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almost  certainly  erroneous,  and  no  special  organ  can  be  assigned  as  the 
seat  of  their  generation.* — The  transition-stages  between  the  White  and 
the  Bed  corpuscle  are  thus  described  by  Mr.  Paget  t  as  they  are  seen  in 
Human  blood.  "  The  white  corpuscle,  at  first  tuberculated,  containing 
many  granules,  and  dai-kly  shaded,  becomes  smoother,  paler,  less  granu- 
lar, and  more  dimly  shaded  or  nebulous.  In  these  stages  the  cell-wall 
may  be  easily  raised  from  its  contents  by  the  contact  and  penetration 
of  acetic  acid,  or  by  the  longer  action  of  water;  and,  according  to  the 
stage  of  development,  so  are  the  various  appearances  which  the  contents 
of  the  cell  thus  acted-on  present.  In  the  regular  progress  of  development, 
it  becomes  at  length  impossible  to  raise  the  cell-wall  from  its  contents. 
Then  the  coi-puscles  acquire  a  pale  tinge  of  blood-colour;  and  this  always 
coincides  with  the  softening  of  the  shadows  which  before  made  them  look 
nebulous,  and  with  the  final  vanishing  of  all  the  granules,  with  the  excep- 
tion sometimes  of  one,  which  remains  some  time  longer  like  a  shining 
particle  in  the  coi-puscle,  and  has  probably  been  often  mistaken  for  a 
nucleus.  The  blood-colour  now  deepens,  and  at  the  same  rate  the  cor- 
puscles become  smooth  and  uniform;  biconcave,  having  previously 
changed  the  neai'ly  spherical  form  for  a  lenticular  or  flattened  one; 
smaller,  apparently  by  condensation  of  theii*  substance,  for  at  the  same 
time  they  become  less  amenable  to  the  influence  of  water;  more  liable 
to  corrugation  and  to  collect  in  clusters ;  and  heavier,  so  that  the  smallest 
and  fullest-coloured  corpuscles  always  lie  deepest  in  the  field.  Thus  the 
most  developed  state  of  the  Mammalian  red  corpuscles  appears  to  be  that 
in  which  they  are  full-coloured,  circular,  biconcave,  small,  uniform,  and 
heavy ;  this  is  also  the  state  in  which  they  appear  to  live  the  longer  and 
most  active  portion  of  their  lives." — Thus,  then,  the  lymph  and  chyle 
seem  to  be  continually  supplying,  not  merely,  the  pabulum  for  organiza- 
tion derived  from  the  food,  but  an  important  Sind  of  organized  bodies, 
the  existence  of  which  in  the  blood  is  essential  to  the  well-being  of  the 
entire  system ;  and  this  view  is  confirmed  by  the  fact,  that  the  fluid,  not 
only  of  the  thoracic  duct,  but  also  of  the  larger  lymphatics,  frequently  pos- 
sesses a  roseate  hue  (which  sometimes  makes  itself  apparent  in  the  horse 
even  through  the  walls  of  the  thoracic  duct),  and  that  this  is  attributable 
to  the  presence  in  it  of  corpuscles  which  seem  to  be  in  process  of  transr 
formation  into  the  Red  corpuscles  of  the  blood,  being  smaller,  paler, 
and  less  perfect  in  shape.:};  —  Lastly,  the  correspondence  pointed  out 
by  Mr.  Wharton  Jones  (loc.  cit.),  between  the  successive  phases  presented 
by  the  Blood-corpuscles  in  the  animal  series,  and  those  through  which, 

•  According  to  the  observations  of  Weber  ("  Henle  and  Pfeufer's  Zeitschrift,"  1846,  and 
"  Canstatt's  Jahresbericht,"  1848),  the  Liver  of  oviparous  animals  appears  to  assist  in  the 
production  of  Red  corpuscles,  from  the  materials  furnished  by  the  yolk,  during  the  latter 
part  of  intra-oval  life,  in  the  Frog  and  in  the  Chick.  In  the  Mammal,  however,  the  contents 
of  the  yolk-bag  (or  umbilical  vesicle)  are  exhausted  at  a  very  early  period  of  embryonic  life, 
when  as  yet  the  liver  is  rudimentary  ;  so  that  if  this  organ  takes  any  share  in  the  develop- 
ment of  red  corpuscles,  it  can  only  perform  such  a  function  for  a  very  brief  time.  At  no 
subsequent  period  is  there  any  evidence  that  the  Liver  is  concerned  in  the  development  of 
Red  corpuscles ;  and  although  the  Spleen  has  been  supposed  to  act  as  their  matrix,  yet  all 
the  evidence  at  present  in  our  possession  shows  that  neither  to  this  nor  to  any  other  of  the 
"  vascular  glands"  can  such  a  function  be  justly  assigned  (§  172). 

t  "Hand-Rook  of  Physiology,"  pp.  69,  70. 

t  See  Mr.  Gulliver's  observations,  in  his  edition  of  "  Hewson's  Works,"  p.  276,  and  in 
the  Translation  of  "  Gerber's  General  Anatomy,"  p.  93. 
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according  to  the  views  above  stated,  the  Red  corpuscle  passes  in  attain- 
ing its  complete  form  in  the  highest  animal,  is  really  extremely  close. 
For  in  the  blood  of  the  Invertebrata,  as  in  the  chyle  and  lymph,  and 
occasionally  in  the  blood,  of  Vertebrata,  are  foimd  '  coai'se  granule-cells,' 
which  seem  to  be  in  the  first  stage  of  development,  and  '  fine  granule- 
cells,'  which  may  be  regarded  as  in  the  second.  This  leads  on  to  the 
'  colourless  nucleated  cell,'  which  is  the  highest  form  presented  by  the 
corpuscles  in  Invertebrated  animals,  but  is,  as  we  have  seen,  a  mere 
transitional  stage  of  brief  duration  in  those  of  Vertebrata.  The  '  coloiu-ed 
nucleated  cell,'  again,  is  the  highest  form  of  red  corpuscle  in  the  Ovi- 
parous Vertebrata ;  and  this  con-esponds  with  a  more  advanced  stage  of 
development  in  the  red  corpuscle  of  Mammalia.  The  '  coloured  non- 
nucleated  cells'  of  the  latter  are  to  be  regarded  as  exhibiting  that  highest 
phase  of  development,  in  which  the  nucleus  disappears,  apparently  in 
virtue  of  the  completion  of  its  formative  office,  and  of  its  resolution  into 
the  fluid  contents  of  the  cell. 

151.  Notwithstanding  the  strength  of  the  foregoing  evidence,  yet  there 
are  certain  considerations  which  render  it  difficult  to  give  an  unreserved 
adhesion  to  this  doctrine  of  the  transformation  of  the  chyle-  and  lymph- 
coi'puscles  into  the  red  corpuscles  of  the  blood,  through  the  interme- 
diate grade  of  the  white.      For  although  the  correspondence  in  size 
between  the  lymph-globule,  the  colourless  blood-coi-puscle,  and  the  red 
corpuscle,  is  so  close  in  Man  as  to  sanction  this  idea  of  their  relationship, 
yet  no  such  con-espondence  exists  elsewhere;  for  we  find  that,  as  the 
diameter  of  the  lymph-globules  and  of  the  white  blood-corpuscles  remains 
pretty  constant,  whilst  that  of  the  red  presents  a  wide  range  of  variation 
in  different  animals,  there  comes  to  be  a  strongly-marked  disproportion 
between  them ;  the  lymph-globules  of  the  Musk-deer,  for  example,  being 
of  the  usual  size,  whilst  the  diameter  of  the  red  coi-puscle  is  less  than 
l-12,000th  of  an  inch,  or  no  more  than  a  quarter  of  the  preceding;  the 
lymph-globules  of  oviparous  Vertebrata  being  usually  of  no  larger  dia- 
meter than  the  nuclei  of  their  red  corpuscles,  and  where  (as  in  the  Peren- 
nibranchiate  Batrachia)  the  red  corpuscles  are  of  enormous  size,  having 
even  a  far  less  diameter  than  their  nuclei.    The  form  of  the  lymph- 
globules  and  of  the  colourless  corpuscles,  moreover,  is  always  circular; 
yet  that  of  the  red  corpuscles  and  of  their  nuclei  is  oval  in  all  the  ovi- 
parous Vertebrata,  the  ratio  between  the  long  and  the  short  diameters 
of  the  corpuscles  being  frequently  as  2:1,  and  between  the  diameters  of 
the  nuclei  being  sometimes  as  3-3:1.    Hence  until  it  shall  have  been 
shown  how  these  differences  are  obliterated  in  the  course  of  the  develop- 
mental process, — how  the  lymph-globule  of  the  Musk-deer  either  con- 
tracts or  subdivides,  so  as  to  form  a  blood-corpuscle  of  one-sixteenth  of  its 
area, — and  how  the  round  lymph-globule  of  the  Proteus  swells  out  into 
an  oval  cell  of  thirty  or  forty  times  its  dimensions, — ^the  proof  must  be 
considered  as  far  from  complete.    And  even  if  it  be  admitted  that  the 
red  corpuscle  is  originally  developed  from  the  lymph-globule,  and  that 
this  is  also  the  source  of  the  colourless  corpuscle,  still  it  would  seem 
quite  possible,  that  the  Red  and  the  Colourless  corpuscles  are  to  be 
regarded  as  two  distinct  and  complete  forais,  neither  being  capable  of 
metamorphosis  into  the  other,  and  each  having  a  specific  purpose  to  serve 
in  the  economy.    For,  so  far  as  can  be  judged  by  appearances,  there  is 


ITS  PHYSICAL,  CHEMICAL,  AND  STRUCTURAL  CHARACTERS.  149 

a  close  correspondence  between  the  Colourless  corpuscles  and  the  cor- 
puscles of  those  "  Vascular  Glands "  which  are  developed  in  connection 
with  the  Absorbent  and  Sanguiferous  systems,  and  which  seem  to  have 
it  for  their  office  to  assist  in  elaborating  the  nutrient  materials  of  the 
blood  (chap.  VIII.  SECT.  3).  And  there  are  many  indications,  as  will  here- 
after appear,  that  their  function  is  not  dissimilar;  whilst,  on  the  other 
hand,  there  is  no  correspondence  between  the  Red  and  the  Colomiess 
corpuscles,  either  as  to  their  proportionate  development  or  as  to  their 
relations  to  the  system  generally  in  health  and  disease  (§§  174,  175). — It 
may  be  siu-mised,  then,  that  if  the  principal  part  of  the  lymph-globules 
really  go  on  to  be  developed  into  Red  corpuscles,  a  part  may  undergo 
a  different  course  of  evolution  and  become  Colourless  corpuscles  of  the 
blood ;  and  that,  having  once  acquired  the  latter  condition,  they  do  not  pass 
beyond  it,  but  continue  to  present  it  during  their  remaining  term  of  life^ 
Such  a  diverse  mode  of  evolution  from  germs  that  appear  to  be  similar, 
cannot  be  thought  in  itself  improbable,  when  it  is  borne  in  mind  that 
all  the  tissues  have  their  origin,  directly  or  indirectly,  in  the  cells  of  the 
embryonic  mass,  among  which  not  the  slightest  difference  can  be  ob- 
served; and  that,  whatever  is  to  be  the  ultimate  destination  of  cells  at 
any  period  of  life,  their  early  aspect  is  for  the  most  part  extremely 
uniform. 

152.  Composition  of  the  Blood. — The  principal  components  of  the  Blood 
having  been  thus  separately  described,  we  have  now  to  inquire  into  the 
mode  in  which  they  are  associated  in  the  liquid  as  a  whole,  and  the  pro- 
portions in  which  they  severally  present  themselves.  These  are  subject, 
even  within  the  limits  of  health,  to  considerable  variations;  some  of 
which  seem  to  depend  upon  the  constitution  of  the  individual,  his  diet, 
mode  of  life,  &c.  ;  whilst  others  are  probably  referable  to  the  period  at 
which  the  last  meal  was  taken,  and  the  amount  of  bodily  exertion  made 
within  a  short  time  previous  to  the  analysis.  When  the  results  obtained 
by  different  experimenters,  moreover,  are  brought  into  comparison,  a  very 
marked  discrepancy  is  frequently  found  amongst  them,  especially  in. 
regard  to  the  relative  proportions  of  albumen  and  corpuscles;  and  this 
arises  in  great  degree  from  the  difference  of  the  methods  of  analysis 
emjyloyed,  as  has  been  recently  proved  by  M.  Gorup-Besanez.*  For  he 
found  that  when  four  samples  of  the  same  blood  were  examined  by  the 
methods  adopted  by  four  different  experimenters  respectively,  the  results 
were  as  follows. 

The  first  specimen  was  the  blood  of  a  vigorous  man  fifty  years  old  : 


Water  .          .  . 
Solid  matters 

Scherer. 

796-93 
203-07 

Becquerel 
and  Rodier. 

796-93 
203-07 

Hbfle. 

796-93 
203-07 

Gorup- 
Besanez. 

796-93 

203-07 

Fibrin  . 
Corpuscles  . 
Albumen 

Extractive  matters  and  salts 

1-95 
115-16 
58-82 
27-14 

1-95 
117-82 
63-87 
19-43 

1-95 
103-23 
50-84 
47-05 

1-95 
103-23 
70-75 
27-14 

*  "  Joui-n.  fur  prakt,  Cheifl.,"  band  1.  p.  346. 
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The  second  specimen  was  from  a  robust  man  twenty  yeai-s  old : 


Scherer. 


Becquerel 
and  Rodier. 

783-63 
216-37 


Hofle. 


Gorup- 
Besanez. 


Water  . 
Solid  matters 


783-63 
216-37 


783-63 
216-37 


783-63 
216-37 


Fibrin  . 
Corpuscles  • 
Albumen 

Extractive  matters  and  salts 


1-56 
113-54 
64-32 
36-95 


1-56 

131-52 
65-91 
17-38 


1-56 
115-12 
51-76 
47-93 


1-56 
115-12 
62-74 
36-95 


Hence  it  is  of  no  value  whatever  to  bring  together  analyses  made  by 
different  methods,  since  no  reliance  can  be  placed  on  the  results  of  their 
comparison ;  and  in  estimating  the  alterations  which  present  themselves 
in  morbid  conditions  of  the  blood,  it  is  of  course  of  fundamental  import- 
ance, that  we  should  take  as  our  standard  an  average  of  analyses  of 
healthy  blood  made  by  the  same  method.  As  the  greater  number  of 
results  hereafter  to  be  cited  have  been  obtained  by  the  method  of  MM. 
Audi-al  and  Gavarret,*  which  has  been  followed,  with  slight  modifications, 
by  MM.  Becquerel  and  Rodier,t  it  will  be  advantageous  here  to  describe 
it. — The  blood  which  is  being  drawn  for  analysis  is  received  into  two 
different  vessels,  the  first  and  the  last  quarters  of  the  whole  amount  into 
one,  and  the  second  and  thii-d  quarters  into  the  other;  in  this  manner 
the  similarity  of  the  two  quantities  is  secured  as  far  as  possible.  The 
blood  in  one  vessel  (a)  is  allowed  to  coagulate  spontaneously;  that  con- 
tained in  the  other  (b)  is  beaten  with  a  small  rod  in  order  to  sepai'ate  the 
fibrin.  When  the  coagulation  has  fully  taken  place  in  a,  the  serum  is 
carefully  sepai-ated  from  the  crassamentum ;  and  these  are  then  dried  and 
weighed, — 1.  The  Fibi-in  obtained  by  the  rod  (b); — 2.  The  entire  Crassa- 
mentum (a); — 3.  The  Serum  (a).  The  weight  of  the  separated  fibrin 
gives  the  amount  of  it  contained  in  the  clot.  The  weight  of  the  dried 
residue  of  the  serum  gives  the  proportion  of  its  solid  matter  to  its  water. 
The  quantity  of  water  driven  off  from  the  clot  in  drying  gives  the 
amount  of  serum  it  contained ;  from  which  may  be  estimated  the  quan- 
tity of  the  solids  of  the  serum  contained  in  the  crassamentum.  Hence 
by  deducting  from  the  weight  of  the  whole  dried  clot,  first  the  weight  of 
the  fibrin  separated  by  stirring,  and  then  that  of  the  solid  matter  of  the 
serum  as  obtained  by  calculation,  we  obtain  as  a  residue  the  weight  of 
the  corpuscles.  In  order  to  ascertain  the  whole  amount  of  solid  matter 
in  the  serum,  that  which  was  ascertained  by  calculation  to  exist  in  the 
coagulum,  must  be  added  to  that  which  was  obtained  from  the  separated 
serum.  Finally,  the  proportion  of  organic  and  of  inorganic  matter  in  the 
solids  of  the  serum  is  ascertained  by  incinerating  them  in  a  crucible ;  by 
which  the  whole  of  the  former  will  be  driven  off,  the  latter  being  left. 

153.  A  modification  of  this  method,  which  involves  somewhat  more 
trouble  in  its  application,  but  which  is  more  accurate,  has  been  recently 
proposed  by  Scherer.  J  The  blood  is  received,  as  before,  into  two  sepa- 
rate vessels ;  and  in  both  of  these,  which  are  covered  to  prevent  evapora- 

*  "  Essai  d'Haematologie  Pathologique." 

+  "  Recherches  sur  la  Composition  du  Sang-dans  I'^tat  de  Sant6,  et  dans  I'etat  de 
Maladie." 

X  "  Canstatfs  Jahresbericht,"  1848,  p.  64  ;  and  Haeser's  Archiv.  band  x.  p.  191. 
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tion,  coagulation  is  allowed  to  take  place.    Out  of  the  one  (a)  is  to  be 
determined  the  composition  of  the  serum,  and  from  the  other  (b)  that  of 
the  remaining  constituents. — Two  weighed  portions  of  the  serum  are 
taken  from  the  first  vessel  (a),  and  one  of  them  is  evaporated  until  all 
the  water  is  diiven  off;  the  residue  then  represents  the  entire  solid  matter 
of  the  serum.    This,  having  been  weighed,  is  incinerated ;  and  the  resi- 
due then  left  is  the  saline  matter  of  the  serum.    The  other  portion  of  the 
serum  is  poured  into  boiling  water,  and  stirred  with  a  glass  rod,  acetic 
acid  being  added,  drop  by  di'op,  as  long  as  any  precipitation  continues. 
The  albuminous  coagulum  is  then  separated  by  filtration,  dried  and 
weighed ;  and  the  filtered  fluid,  after  being  again  examined  for  any  albu- 
men that  may  be  left  uncoagulated,  is  evaporated  to  dryness.  The 
residue,  consisting  of  the  extractive  with  the  salts,  is  incinerated  after 
having  been  weighed ;  and  the  weight  of  the  salts  being  thus  determined, 
the  difference  is  that  of  the  extractive  matters. — The  blood  in  the 
second  vessel  (b),  after  having  been  weighed,  is  put  upon  a  fine  linen 
cloth,  and  cai-efuUy  squeezed  between  the  fingers  until  all  the  fluid  is 
expressed  that  can  be  thus  separated,  and  only  the  solid  coagulum 
remains  behind ;  this  is  well  washed  with  distilled  water,  to  get  rid  of  the 
corpuscles,  and  the  fibrinous  residue  is  dried  and  weighed.    Of  the 
expressed  fluid  (seiaim  4-  corpuscles)  two  portions  are  again  weighed  out, 
as  of  the  serum  alone  in  the  previous  analysis ;  one  of  these  serves  to 
detei-mine  the  relative  proportions  of  the  w^ter,  of  the  solid  residue,  and 
of  the  salts  j  and  the  other  to  determine  the  coagulable  proportion  of 
the  Albumen  and  Corpuscles,  the  coagulation  being  induced  as  beforj, 
and  the  filtered  residue  again  serving  for  the  determination  of  the 
extractive  and  soluble  salts.  —  The  fatty  matters  may  be  determined 
by  boiling  in  ether,  for  a  sufficient  length  of  time,  portions  of  the 
fibrin,  of  the  albumen,  and  of  the  coagulum  Qf  the  whole  blood,  sepa- 
rately. —  In  summing  up  the  result,  the  amount  of  the  various  solid 
matters  is  calculated  for  1000  parts  of  Blood  j  the  remainder  is  then  the 
watery  pai-t  of  the  blood.    From  the  proportion  of  albumen  to  water  in 
the  serum,  the  amount  of  albumen  in  the  whole  mass  of  the  blood  can 
be  calculated  by  its  quantity  of  water ;  and  the  amount  of  albumen  and 
corpuscles  taken  together  having  been  determined,  that  wliich  remains 
after  the  deduction  of  the  albumen  represents  the  corpuscles.  * 

154.  Both  of  the  foregoing  methods  are  open  to  the  objection,  that  the 
albuminous  and  other  constituents  of  the  Serum  are  reckoned  in  the 
calculation  as  being  equally  present  in  the  whole  water  of  the  blood. 
Now  as  the  moist  Corpuscles,  according  to  Lehmann,  constitute /wZ^y  ''^^^ 
the  mass  of  the  blood,  and  as  they  do  not  contain  the  albuminous  elements 
of  the  semm,  and  have  salines  peculiar  to  themselves,  it  is  obvious  that 
the  constituents  of  the  Serum  will  be  estimated  far  too  high,  and  the 
residue,  which  expresses  the  solid  matter  of  the  Corpuscles,  as  much  too 
low.    In  order  to  avoid  this  som-ce  of  error,  by  separating  the  corpuscles 

*  It  is  a  curious  indication  of  the  uncertainty  of  the  results  of  analyses  conducted  upon 
principles  essentially  the  same,  that  whilst,  in  the  first  of  the  cases  above  cited  (§  152),  the 
proportion  of  corpuscles  given  by  Bccquerel  and  Rodier's  method  was  almost  identical  with 
that  given  by  the  method  of  Scherer,  there  was  a  marked  difference  in  the  proportions  of 
albumen  and  extractive ;  whilst  in  the  second,  the  proportion  of  albumen  being  almost  iden- 
•cal  in  the  two  analyses,  the  amounts  assigned  to  the  corpuscles  and  to  the  extractive 
respectively  differed  by  no  less  than  1«  parts  in  the  1000,  for  each  of  these  constituents. 
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from  the  serum,  so  as  to  be  able  to  form  a  direct  estimate  of  their 
amount,  it  has  been  proposed  by  M.  Figuier  to  filter  the  defibrinated 
blood  after  having  added  to  it  a  solution  of  sulphate  of  soda,  the  effect  of 
which  is  to  separate  the  corpuscles  from  the  serum  without  causing  them 
to  discharge  their  contents.    This  method  has  been  adopted  by  Dumas, 
Hofle,  and  Gorup-Besanez,  and  was  employed  in  the  third  and  fourth  of 
the  analyses  already  cited  (§  152);  it  would  appear  from  these,  however, 
to  produce  a  still  further  reduction  in  the  proportion  assigned  to  the 
corpuscles ;  and  for  this  it  is  not  difiicult  to  account,  when  it  is  borne  in 
mind  that  the  saline  solution  will  tend  to  empty  them  of  their  contents, 
unless  its  specific  gravity  be  accurately  adjusted  (§  139).    Again,  it  must 
be  borne  in  mind  that  the  preceding  methods  of  analysis  give  no  account 
whatever  of  the  Salts  contained  in  the  Coi-puscles,  which,  as  we  have 
seen,  are  very  different  from  those  of  the  Serum;  and  these  can  only 
be  determined  by  the  incineration  of  the  whole  mass  of  the  blood. — 
Other  methods  which  have  been  proposed  for  the  more  precise  quantitar 
tive  determination  of  the  principal  constituents  of  the  Blood,  are  not 
only  tedious  and  complex,  but  involve  the  use  of  various  reagents,  which 
may  themselves  induce  considerable  changes  in  the  '  behaviour '  of  its 
organic  components;*  and  in  the  present  state  of  our  knowledge,  there- 
fore, it  is  impossible  to  arrive  at  any  other  than  an  approximative 
estimate  of  tlieir  respective  amounts.    The  following  is  founded  on  the 
comparative  analyses  of  the  ^erum  and  Liquor  Sanguinis  ah'eady  cited 
from  Prof  Lehmann  (§  1 42) ;  it  being  assumed  that  the  moist  Corpuscles 
form  half  of  the  entire  volume  of  the  blood.    This,  in  his  opinion,  is  rather 
beneath  than  above  the  actual  average,  which  he  considers  to  be  512 
parts  in  1 000 ;  the  limits  of  variation  in  health  being  about  40  parts  on 
either  side.    By  halving  the  numbei'S  in  the  preceding  table,  therefore, 
and  adding  together  those  which  refer  to  constituents  of  the  same  cha- 
racter, we  obtain  the  following  results; — 

Water  .  795-45 
Solid  residue  204-55 

Fibrin          ....  2-0-25 

p        ,       <  Hasmatin   .          .          .  8-375 

corpuscles    ^             and  cell-membrane  141-110 

Albumen       ....  39-420 

Fatty  matters       ....  2-015 

Extractive  matters      .          .          .  3-270 

Mineral  substances,  exclusive  of  iron        .  8-335 

Chlorine      .  .  2'665 

Sulphuric  acid  •  '090 
Phosphoric  acid  •  "663 
Potassium  .  1-826 
Sodium       .  .  2-197 

Oxygen  .  "535 

Phosphate  of  Lime  .  '212 
Phosphate  of  Magnesia  '148 

155.  Under  the  general  head  of  Fatty  Matters  are  included  several 
different  kinds  of  fat,  some  of  which  present  very  definite  characters, 
whilst  the  nature  of  others  has  not  yet  been  precisely  determined.  A 

*  For  an  account  of  the  methods  of  Berzelius,  Denis,  and  Simon,  see  the  "  Animal 
Chemistry"  of  the  last-named  author  (translated  by  Dr.  Day),  vol.  i.  pp.  167  et  seq. 
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ousiderable  part  of  the  whole  amount  is  formed  by  the  saponifiahle  fats, 
\hich,  in  the  human  subject,  are  Margarin  and  Olein  (§  37);  and  it 
luist  be  in  these  that  the  chief  increase  occurs,  when  the  amount  of 
itty  matter  in  the  blood  is  temporarily  augmented  by  the  entrance  of 
>leaginous  chyle  (§  161).    The  proportion  of  phospliorized  fat  (§  44), 
\  hich  seems  to  form  an  essential  constituent  of  the  Corpuscles  (§  142), 
\  ill  probably  vary  in  pai't  with  their  amount ;  but  the  range  of  variation 
oems  to  be  too  wide  to  admit  of  the  difference  being  fully  accounted 
r  in  this  manner.    The  presence  of  Cliolesterin  (§  43)  seems  to  be  con- 
tant;  but  it,  too,  exhibits  a  considerable  diversity  in  its  amount,  pro- 
iLibly  depending  upon  the  relations  between  the  biliary  secretion  and  the 
espu'atory  process.    Of  the  fatty  substance  termed  Serolin  (§  43),  the 
I'lantity  is  always  very  minute,  and  it  is  sometimes  inappreciable. — The 
■Ilowing  table  represents  the  mean,  maximum,  and  minimum  amounts 
f  these  fatty  substances  in  the  healthy  blood  of  the  male  (the  proportion 
1  that  of  the  female  being  almost  precisely  similar),  according  to  the 
nalyses  of  MM.  Becquerel  and  Eodier. 

Mean.  Max.  Min. 

Saponified  fat    .          .          1-004  2-000  '700 

Phosphorized  fat     .          .       -488  I'OOO  -270 

Cholesterin       .          .            -088  -175  -030 

Serolin      .          .           .       "020  -080  inappreciable. 

'he  source  of  the  peculiar  odour  of  the  blood,  is  probably  a  volatile 
itty  acid,  too  minute  in  its  amount  to  admit  of  being  separately  esti- 
nated.  This  odour  may  be  made  much  more  apparent  by  treating 
lie  blood  with  sulphuric  acid,  even  after  it  has  been  long  dried ;  and  in 
.11  those  animals  which  are  readily  distinguishable  by  their  odorous 
manations,  it  may  thus  be  made  so  perceptible  as  to  admit  of  their 
'lood  being  distinguished  (at  least  by  an  iiidividual  possessed  of  a 
lehcate  sense  of  smell)  through  its  scent  alone.  '  Of  this  test,  use  has 
leen  made  with  great  advantage  in  jm-idical  investigations.* 

156.  Under  the  vague  term  Extractive  (§  64),  it  is  probable  that 
nany  different  substances  are  to  be  ranked;  most  of  them,  however, 
)eing  either  histogenetic  substances  which  are  undergoing  progressive 
netamoi-phosis,  such  as  the  peculiar  soluble  compounds  which  are  consi- 
lered  by  Mulder  as  the  binoxide  and  tritoxide  of  protein  (§  30) ;  or  non- 
Lzotized  alimentary  matters,  or  products  of  the  retrograde  metamor- 
thoses  of  the  tissues,  which  are  on  their  way  to  the  excretory  organs,  as 
s  the  case  with  the  sugar,  urea,  uric  hippuric  acids,  creatine  and  creati- 
ine,t  which  have  been  detected  in  it  in  minute  proportion.    It  can 

arcely  be  doubted  that  the  more  attentive  study  of  this  part  of  the 

tlood,  will  be  attended  with  the  discovery  of  many  facts  that  would  throw 
rreat  light  upon  the  Chemistry  of  the  histogenetic  operations,  and  of  the 
etrograde  metamorphoses  of  the  effete  materials  of  the  tissues. 

157.  The  list  of  the  Inorganic  Constituents  of  the  Blood,  which  is 
riven  in  the  preceding  table  (§  154),  does  not  express  the  mode  in  which 
hey  are  gi-ouped  together;  and  it  takes  no  account  of  the  Carbonic 

*  See  M.  Barreul's  researches  on  this  subject  in  "  Ann.  d'Hygiene,"  &c.  torn.  i.  ii.  x. 

+  The  discovery  of  the  presence  of  these  two  substances  in  the  blood  of  oxen,  has  recently 
'oen  made  by  MM.  Verdeil  and  Dolfuss,  wlio  have  operated  upon  very  large  quantities  of 
he  fluid.    (Sec  M.  B^rard's  "  Cours  de  Physiologic,"  torn,  iii,  p.  95.) 
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acid,  which  certainly  exists  in  the  blood  united  with  Alkaline  bases 
(§  83).  The  proportion  which  the  Carbonates  bear  to  the  Phosphates, 
however,  seems  to  be  small  in  Human  blood ;  as  is  shown  by  the  followmg 
table,  founded  on  the  analysis  of  Verdeil,*  of  the  pei'-centage  composition 
of  the  ash  of  the  blood,  after  deducting  the  carbon  still  contained  in  it. 
The  corresponding  analyses  of  the  blood  of  the  Dog,  Ox,  Sheep,  and  Pig, 
are  here  given,  to  show  the  remarkable  variation  between  the  relative 
amounts  of  the  Carbonates  and  Phosphates,  in  the  blood  of  Herbivorous 
and  Carnivorous  animals,  of  which  mention  has  already  been  made 
(§  84).  It  wiU  be  observed  that  the  proportion  of  Chloride  of  Sodium 
exhibits  a  remarkable  constancy. 


Man 

Dog 

Ox 

Sheep 

Pig 

At 

Bt 

A§ 

B|| 

Chloride  of  Sodium 

61-99 

55-63 

49-85 

50-98 

59-12 

53-71 

57-11 

50-62 

41-31 

49-51 

•2-03 

6-27 

5-78 

2-02 

13-00 

14-40 

13-33 

13-40 

7-62 

5-3: 

12-70 

11-24 

15-16 

19-16 

5-60 

8-76 

5-29 

7-93 

22-21 

18-5. 

0-99 

1-26 

0-67 

4-38 

0-47 

0-59 

0-30 

0-82 

1-21 

0-s; 

Sulphuric  acid 

1-70 

1-64 

1-71 

1-08 

1-25 

1-16 

1-65 

1-91 

1-74 

1-31 

Phosphoric  acid  . . 

7-48 

9-74 

12-74 

9-34 

3-40 

3-02 

3-83 

3-41 

10-61 

11-4!; 

Phosphate  of  lime 

3-55 

3-21 

1-32 

3-05 

2-51 

2-32 

2-38 

2-68 

2-88 

3-17 

Peroxide  of  iron  . . 

806 

8-68 

12-75 

8-65 

9-00 

8-80 

8-70 

9-17 

9-10 

9-5-2 

Carbonic  acid  .... 

1-43 

0-95 

0-53 

0-37 

6-57 

6-49 

7-09 

6-35 

0-69 

0-3i 

158.  We  have  now  to  inquire  into  the  principal  modifications,  which 
the  relative  proportions  of  these  constituents  undergo  in  the  state  of 
health,  under  the  influence  of  varying  conditions  of  the  system ;  and  not- 
withstanding the  want  of  absolute  coiTCCtness  in  the  analyses  of  which 
are  at  present  in  possession,  those  that  are  made  by  similar  methods  giv. 
results  sufficiently  trustworthy  to  enable  them  to  be  compared  together, 
and  thus  to  give  a  tolerably  con-ect  indication  of  the  cii'cumstances  which 
determine  the  increase  or  dimintition  in  the  principal  components  of  the 
Blood. — The  first  of  these  modifying  conditions  which  requires  special 
notice  is  Affe.    Dm-ing  the  latter  part  of  foetal  Ufe,  the  blood  is  remark 
ably  rich  in  solid  contents;  it  being  in  the  proportion  of  corpuscle- 
(including  iron)  that  the  chief  difierence  exists  between  foetal  and  mater- 
nal blood.    This  appears  from  the  following  comparative  analyses  made 
by  DenisIT  of  the  venous  blood  of  the  mother,  and  of  the  blood  of  tlu 
umbilical  artery,  which  last  has  been  recently  found  by  Poggiale  (a> 
might  be  expected)  to  be  identical  with  the  blood  of  the  foetus. 


Venous  Blood  of  Mother. 
Water      .  .  781-0 

Solid  constituents       ,  219-0 


Fibrin 
Corpuscles 


2-4 
139-9 


Blood  of  Umbilical  Artery. 
701-5 
298-5 

2-2 
222-0 


*  "  Ann,  der  Chem.  und  Phann.,"  band  Ixix.,  p.  89. 
+  Man,  forty-five  years  old,  suffering  from  weak  digestion. 
+  Woman,  twenty- two  years  old,  sanguineous  temperament. 
§  After  a  flesh  diet  of  eighteen  days. 

II  After  feeding  for  twenty  days  upon  bread  and  potatoes.  _ 
^  "  Recherches  Experimentales  sur  le  Sang  humain,"  and  "  Simon's  Animal  Chemistry, 
vol.  i.  p.  238. 
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Venous  Blood  of  Mother. 

Albumen  .          .  50*0 

Phosphorized  Fat  .       9  "2 

Peroxide  of  Iron    .  0*8 

Extractive      .  •  4"2 

Salts        .          .  12-5 


Blood  of  Umbilical  Artery. 
50-0 

7-5 
2-0 
2-7 
12-1 


le  aniilyses  of  Poggiale*  give  255-8  parts  of  solid  matter,  of  which  172-2 
i  ts  were  corpuscles,  and  2  parts  of  peroxide  of  iron,  in  1000  parts  of 
m1  blood;  thus  agreeing  with  those  of  Denis  in  the  main  fact  of  the 
':ssive  proportion  of  corpuscles  and  iron. — The  proportion  of  corpuscles 
•lus  to  remain  high  for  a  short  time  after  birth ;  but  it  gradually  dimi- 
-hes ;  and  the  whole  amoimt  of  solid  matter  in  the  blood  seems  to  fall 

its  lowest  point  dming  the  period  of  childhood.  Towards  the  epoch  of 
I'oerty,  however,  the  amount  of  solid  matter  increases  again,  the  chief 

:  mentation  being  in  the  corpuscles ;  and  it  remains  at  a  high  standard 
ring  the  most  vigorous  period  of  adult  life,  after  which  it  begins  to 
dine.  This  is  made  apparent  in  the  following  table  deduced  from  the 
iilyses  of  Denis  j  which  ai-e  confirmed  by  those  of  Lecanu  and  Simon,  t 


In   5  individuals  between  5  months  and  10  years 


13 
11 

12 
6 
8 
2 


10  years 
20 
30 
40 
50 
60 


3> 


and  20 
30 
40 
50 
60 
70 


3> 


Solid  Constituents. 

170 
.  200 

240 
.  240 

240 
.  220 

210 


159.  An  appreciable  difference  exists  between  the  blood  of  the  two 
•es :  that  of  the  male  being  richer  in  solid  contents,  and  especially  in 
•puscles,  than  that  of  the  female.  On  this  point,  the  analyses  of  Lecanu, 
nis,  and  Becquerel  and  Rodier  are  in  accordanee,.  notwithstanding  their 
itual  discrepancies  j  as  the  following  tables  show. 


r.ooD  OF  Men.    Becquerel  and  Rodier. 

Mean      Max.  Min. 

■'Iter   779-0    800-0  760-0 

■)lid  constituents  221*0    240-0  200-0 


ibrin   2*2 

nrpuscles   ....  141'1 

Ibumen   69-4 

^it   1-6 

xtratcive  and  ^ 
^Its  of  Serum  5 


3-5 
152-0 
73  0 
3-2 

6-8  8-0 


1-5 
131-1 
62-0 
]-0 

5-0 


OOD  OF  W0ME?f. 

-Iter   791-1 

'lid  constituents  208-9 


813-0  773-0 
2-27-0  187-0 


ibnn   2-2 

■rpuscles    . .   .  127-2 

t'umen   70-5 

t    1-6 

tractive  and  } 
ilts  of  Serum  S 


7-4 


2-5 
137-5 
75-5 
2-9 

85 


1-8 
113-0 
65-0 

5-  0 

6-  2 


Mean 
758-0 
242-0 

Denis. 
Max. 
790  0 
266-7 

Min. 

733-3 

210-0 

2-5 
147-0 
57-5 

2-9 

187-1 
63-0 

2-1 
102-0 
52-3 

773-0 
227-0 

820-0 
250-0 

750  0 
1800 

2-7 
138-0 
61-2 

3-0 
162-4 
66-4 

2-5 
88-1 
50-0 

Lecanu. 

Mean     Max.  Min. 

791-9    805-2  778-6 

208-1    221-4  194-8 


821-7 
178-3 


853-1 
146-9 


790-3 
209-7 


"  Comptes  Rcndus,"  torn.  xxv.  p.  198.       f  "  Animal  Chemistry,"  vol.  i.  pp.  237-239 
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From  these  it  would  appear  that  the  mean  excess  of  the  whole  solid  coij- 
stitueuts  in  the  blood  of  the  male  above  those  of  the  female,  is  reckom  (| 
by  the  several  experimenters  at  from  12  to  20  parts  in  1000;  and  tl 
the  variation  is  the  greatest  in  the  proportion  of  corpuscles,  neither  of  ii, 
other  elements  exhibiting  any  considerable  difference  in  then-  amount  in 
the  two  sexes.    The  excess  in  the  solid  constituents  of  the  male  bio 
above  those  of  the  female  is  as  well  marked  in  the  extreme  as  in  the  meii  i 
resiJts;  for  the  maxima  in  the  female  do  not  pass  much  higher  than  tin 
mean  of  the  male,  whilst  her  minhiia  fall  far  below  his;  on  the  otlr 
hand,  the  maxima  of  the  male  rise  fai'  higher  than  those  of  the  fema 
whilst  his  minima  scarcely  descend  below  her  mean. 

160.  It  is  obvious,  from  the  extent  of  diversity  shown  in  the  preceding 
table,  that  the  proportions  of  the  constituents  must  vary  consideral 
with  individual  temjierament  and  constitution.     All  the  persons  win 
blood  fm-nished  the  subjects  of  the  preceding  analyses,  were  (or  consider^ 
themselves  to  be)  in  perfect  health;  but  their  standard  of  health  couLl 
not  have  bsen  by  any  means  uniform.    There  is  no  doubt  that,  in  indi-r 
viduals  of  the  plethoric  or  '  sanguineous '  temperament,  the  propoilion  of  I 
the  whole  solid  constituents,  and  especially  of  the  corpuscles,  is  consider-' 
ably  greater  than  in  persons  of  the  'lymphatic'  temjDcrament;  and  it 
appears  from  the  analyses  of  Lecanu,*  that  the  sexual  difference  in  thes 
blood  almost  disappears  when  the  blood  of  males  and  of  females  of  thei 
latter  temperament  is  compai'ed. 

161.  A  considerable  influence  is  exercised  on  the  entire  amount,  and 
on  the  relative  proportions,  of  the  constituents  of  the  Blood,  by  the 
vious  ingestion  of  food  or  drink,  and  by  the  diet  habitually  employe^ 
The  observations  hitherto  made  upon  the  first  of  these  points,  howevc 
are  not  sufldciently  numerous  to  admit  of  being  generalized;  and  the  chi' 
points  that  can  be  definitely  stated,  are  those  which  have  been  substai 
tiated  by  Profrs.  Buchanan  and  K.  D.  Thompson,t  in  their  examinatic 
of  blood  whose  sei'um  exhibits  the  'milky'  appearance,  which,  when  it i 
occurs  in  health,  is  due  to  the  entrance  of  chyle,  more  rapidly  than  its  i 
oleaginoTis  matter  can  be  eliminated  by  the  respiration  or  appropriated  by 
the  tissues.    When  a  full  meal  containing  oily  matter  is  taken  after  a 
long  fast,  and  a  small  quantity  of  blood  is  drawn  previously  to  the  meal 
and  at  intervals  subsequently,  the  serum,  though  quite  limpid  in  the 
blood  first  drawn,  shows  an  incipient  turbidity  about  half  an  horn-  aftci 
wards;  this  tm-bidity  increases  for  about  six  hours  subsequently,  afti 
which  it  usually  begins  to  disappear.    The  period  at  which  the  discoloi 
ation  is  the  greatest,  however,  and  the  length  of  time  during  which  r 
continues,  vary  according  to  the  kind  and  quality  of  the  food,  and  tli< 
state  of  the  digestive  functions.    Neither  starch  nor  sugar,  nor  proteiiit 
compounds,  alone  or  combined,  occasion  this  opacity  in  the  chyle;  but  i 
seems  essentially  dependent  upon  an  admixtui'e  of  oleaginous  matter  witl 
the  food.    There  are  few  ordinaiy  meals,  however,  from  which  such  mat 
ter  is  altogether  excluded.    When  such  milky  serum  is  examined  witl 
the  Microscope,  the  opacity  is  found  to  be  due  to  the  presence  of  ai 
immense  number  of  exceedingly  minute  granules,  resembling  in  appear 

•  "Etudes  Chimiques  sur  le  Sang  humain,"  p.  66;  and  Simon's  "Animal  Chemistry," 
vol.  i.  p.  236. 
+  "  Medical  Gazette,"  Out.  10,  1845. 


ITS  PHYSICAL,  CHEMICAL,  AND  STRUCTURAL  CHARACTERS. 


157 


ice  those  which  form  the  "  molecular  base  "  of  the  chyle.    They  seera  to 
composed  of  two  chemically-distinct  substances ;  for  when  the  milky 
um  is  agitated  with  ether,  a  part  is  dissolved,  whilst  another  portion 
mains  suspended;  and  this  latter  is  soluble  in  caustic  potass.  The 
rmer^  therefore,  appears  to  be  identical  with  the  "  molecular  base "  of 
e  Chyle,  and  to  be  of  an  oily  or  fatty  nature ;  whilst  the  latter  belongs 
1  the  proteine-compounds.    The  Crassamentum  of  such  blood  often  exlii- 
ts  a  pellucid  fibrinous  crust,  sometimes  interspersed  with  white  dots; 
1(1  this  seems  to  consist  of  an  imperfectly-assimilated  proteine-compound, 
udogous  to  that  found  in  the  serum.   The  quantity  of  this  varies  accord- 
to  the  amount  of  the  proteine-compounds  present  in  the  food. — The 

I  esence  of  saccharine  matter  in  the  blood  (in  which  it  forms  part  of  the 
extractive '),  after  the  ingestion  of  a  large  quantity  of  saccharine  or  fari- 
iceous  aliment,  has  been  noticed  by  many  experimenters. — It  might 
J  fairly  presumed  that  a  temporary  augmentation  must  take  place  in 
le  aqueous  constituent  of  the  blood,  whenever  any  considerable  quantity 
'  liquid  is  ingested ;  and  yet  this  augmentation  is  probably  much  less 
msiderable,  under  ordinary  circumstances,  than  we  should  at  first  be 
iclined  to  suppose.  For  there  exist  various  provisions  in  the  system 
he  pecuhar  Malpighian  apparatus  of  the  kidneys  being  the  chief)  for 
i})idly  freeing  the  blood  from  any  superfluity  of  water ;  and  thus  any 
ccess  of  fluid  absorbed  is  speedily  drawn  off"  again.  But  further,  there  is 
idence  that,  when  the  vessels  are  already  filled,  absorption  does  not 
ke  place  with  nearly  the  same  readiness  as  after  long  abstinence  from 
([iiids;  the  rate  of  absorption  being  in  gTeat  degree  governed  by  that  at 
hich  the  liquid  is  disposed  of    It  follows,  therefore,  that  the  absorption 

even  a  considerable  amount  of  water  within  a  short  time,  need  not 
ally  involve  any  gxeat  dilution  of  the  blood ;  and  it  is  probable  that  a 
nisiderable  previous  reduction  of  its  density  will  only  take  place  in  a 
lite  of  health,  when  it  has  first  undergone  an  unusual  elevation,  in  con- 
■quence  of  the  removal  of  part  of  its  water  by  perspiration,  diuresis,  &c., 
ithout  a  coiTesponding  replacement  of  it  by  absorption.  It  has  been 
'firmed,  however,  that  when  Oxen  have  taken  immense  di-aiights  of  water, 
le  blood  has  been  so  much  diliited,  that  some  of  the  corpuscles  have 
'iret  (§  139)  and  the  colouring  matter  has  passed  out  of  the  body;  whilst, 

II  the  other  hand,  it  has  been  found  that  when  two  dogs  had  been  kept 
T  some  weeks  on  the  same  kind  of  food,  but  one  was  not  allowed  to 
'  ink,  whilst  the  other  was  made  to  take  a  large  quantity  of  water,  the 

"cific  gravity  of  the  blood  was  nearly  the  same  in  each.* — The  influence 
I  the  regimen  upon  the  composition  of  the  blood,  however,  appears  to  be 
lore  definite  and  constant.  An  animal  diet  tends  to  increase  the  whole 
mount  of  solid  matter,  but  especially  to  augment  the  proportion  of  cor- 
uscles.  On  the  other  hand,  a  vegetable  diet  tends  to  lower  the  whole 
mount  of  solid  matter,  occasioning  a  marked  reduction  in  the  corpuscles, 
liilst  it  seems  rather  to  increase  the  albumen;  thus  showing  that  the 

crease  in  the  corpuscles  is  not  due  to  a  deficiency  in  their  azotized 
'alnilum,  but  depends  on  some  other  condition.  The  development  of 
iln-in  appears  to  take  place  at  least  as  readily  on  the  vegetable  as  on  the 
iiimal  regimen.    Hence  we  see  what  may,  and  what  may  not,  be  effected 

*  Dr.  Bence  Jones  in  "  Medical  Times,"  Aug.  2,  185],  p.  .115. 
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in  the  treatment  of  disease,  by  the  adoption  of  a  particulai'  dietetic  systeiii, 
for  we  may  promote  or  retard  the  development  of  the  red  corpuscles,  by  < 
the  employment  of  an  animal  or  a  vegetable  regimen,  but  can  make  little  \ 
or  no  impression  upon  the  fibrin.* — The  effect  of  complete  abstinence  from  i 
food,  also,  or  of  a  continued  insufficient  supply  of  it,  is  to  reduce  the  i 
proportion  of  the  whole  solid  constituents ;  but  in  this  case,  too,  the  cor-  [' 
puscles  are  much  more  reduced  than  the  albumen ;  and  very  little  effect  I 
is  produced  upon  the  fibrin,  which  at  once  undergoes  an  absolute  increase, ; 
if  any  inflammatory  affection  should  develope  itself 

162.  The  effect  of  Loss  of  blood  is  of  a  very  similar  nature  to  that  of  | 
abstinence.  Almost  as  soon  as  the  stream  begins  to  flow  fi'om  a  wounded  ( 
vessel,  there  seems  to  be  a  transudation  of  watery  fluid  from  the  tissues  \ 
into  the  current  of  blood ;  for  this  undergoes  a  rapid  diminution  in  1 
density,  so  that  the  portion  last  drawn  is  of  lower  specific  gravity,  and  | 
contains  a  considerably  smaller  amount  of  solid  matter,  than  that  which  ( 
first  issued.  This  fact,  which  has  long  been  known,  has  of  late  been  more  | 
precisely  determined  by  Drs.  Zimraerman,t  Polli,|  and  J.  Davy.§  When  i 
blood  has  been  repeatedly  drawn,  or  has  been  lost  by  hjemoiThage,  that ! 
which  remains  is  impoverished ;  but  the  reduction  in  its  whole  amount  of  \ 
solid  matter  here  too  lies  rather  in  the  diminution  of  the  corpuscles,  than  \ 
in  that  of  the  other  constituents.  This  is  shown  by  the  following  table  of  \, 
tlie  results  of  MM.  Becquerel  and  Rodier's  analyses  of  the  blood  of  ten  . 
patients,  each  of  whom  had  been  bled  three  times. 

1st  Venesection.   2nd  Venesection.   3rd  Venesection. 


Specific  gravity  of  defibrinated  blood        1056-0  1053-0  1049-6 

„       „        serum     .       .         .  1028-8  1026-3  1025-6 

Water  7.93  0  807-7  833-1 

Solid  Residue                                        207-0  192-3  176  9 

Fibrin                                                    35  3  8  3-4 

Corpuscles                                            129-2  116-3  99-2 

Albumen                                               65-0  63-7  64-6 

Extractive  and  saline  matters       .         .       7-7  6-9  8*0 

Fat                                                        1-6  1-6  1-5 


Hence  it  is  obvious  that  the  special  effect  of  bleeding  is  to  lower  the  pro 
portion  of  red  corpuscles,  and  that  it  has  no  power  of  effecting  a  diminu- 
tion in  the  amount  of  fibrin.    We  shall  find,  indeed,  that  in  inflammatoi'^ 
diseases  the  amount  of  fibrin  undergoes  an  extraordinary  increase  (§  17fi 
which  is  not  checked  in  the  slightest  appreciable  degree  by  the  mo> 
copious  venesection. 

163.  We  have  now  to  consider  the  differences  which  present  themselvc- 
in  the  composition  of  the  blood  di-awn  from  different  vessels  of  the  sann 
body;  these,  it  is  obvious,  being  dependent  on  the  changes  to  which  tlf 
fluid  is  subjected,  during  its  passage  through  organs  that  will  appropriat' 
or  change  its  several  constituents  in  an  unequal  degree.  And  the  first 
and  most  important  of  these  sets  of  differences,  is  that  which  exists 
between  Arterial  and  Venous  blood.  The  analyses  already  cited  having 
been  made  chiefly  upon  the  latter,  it  will  be  sufficient  here  to  state  the 

*  See  on  this  subject  the  treatise  of  M.  Emile  Marchand,  "  De  I'Influence  comparative 
du  Regime  V6g6tal  et  du  Regime  Animal  sur  le  Physique  et  le  Moral  de  THomme." 
+  "  Heller's  Archiv."  band  iv.  p.  385. 
X  See  "  Medico-Chirurgical  Review,"  Oct.  1847. 
$  "  Anatomical  and  Physiological  Researches,"  vol.  ii.  p.  28. 
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-ueral  results  of  comparative  inquiries  into  the  composition  of  the  former, 
he  quantity  of  solid  constituents  pertaining  to  the  Corpuscles  is  smaller; 

v  contain  relatively  more  hsematin  and  salts,  but  much  less  fat.  The 
luor  sang-uinis  is  somewhat  richer  in  Fibrin;  but  it  contains  a  larger 
ipovtion  of  water,  and  consequently  less  Albumen.    The  Fatty  matters 
the  serum,  as  well  as  of  the  corpuscles,  are  considerably  diminished; 
1  the  other  hand,  the  Extractive  matters  are  decidedly  increased.    It  is 
firmed  by  Dr.  G.  0.  Rees,*  that  the  phosphorus  which  exists  in  venous 
lood  in  an  unoxidized  state,  united  with  the  fat  of  the  corpuscles,  is  con- 
■ited  by  the  respiratory  process  into  phosphoric  acid,  which  passes  into 
le  serum  and  unites  with  alkaline  bases ;  and  this  view  seems  borne  out 
V-  the  more  recent  analyses  of  Reich,  t— The  most  remarkable  difference 
jtween  Arterial  and  Venous  blood,  however,  lies  in  the  amount  of  free 
i.<e$  which  they  respectively  contain.     It  may  now  be  considered  as 
iiquestionably  proved  by  the  researches  of  Stevens,  Bischoff,  J.  Davy, 
f  aguus,  and  othere  (but  more  especially  by  those  of  the  last-named  experi- 
■uter),  that  both  venous  and  arterial  blood  contain  Oxygen,  Nitrogen, 
id  Carbonic  acid  in  a  state  of  solution ;  these  gases  being  yielded  up  by 
■e  blood  when  it  is  placed  in  a  perfect  vacuum ;:}:  and  carbonic  acid  being 
so  disengaged  when  the  fluid  is  shaken  with  common  air  or  with  oxygen, 
vcbogen,  or  nitrogen;  whilst  oxygen  is  in  like  manner  expelled  by 
vdrogen  or  nitrogen,  which  take  its  place.    The  experiments  of  Magnus§ 
low  that  from  10  to  12^  per  cent  of  Oxygen  (by  volume)  exists  in 
terial  blood ;  but  that  this  is  reduced  in  venous  blood  to  half  its  amount. 
1  the  other  hand,  the  quantity  of  Carbonic  acid  which  is  thus  removable 
lounts  to  about  25  per  cent  (by  volume)  in  venous  blood,  and  to  only 
I  in  arterial.    The  per-centage  of  Nitrogen  was  found  to  vary  from  1-7 
I  3-3;  but  no  constant  difference  presented  itself  between  the  quantities 
'ntained  in  arterial  and  in  venous  blood  respectively.    The  differences 
the  relative  proportions  of  Oxygen  and  Carbonic  acid  in  arterial  and 
■nous  blood  respectively,  confirm  the  indications  afforded  by  other  facts 
iiAP.  X.),  that  an  exchange  of  oxygen  for  carbonic  acid  takes  place  in  the 
stemic  circulation,  and  an  exchange  of  carbonic  acid  for  oxygen  in  the 
■neral  circulation.    How  far  the  gases  thus  introduced  into  the  blood 
iter  into  chemical  combination  with  any  of  its  constituents,  or  are 
lerely  dissolved  in  the  liquid,  has  not  been  positively  determined ;  there 
reason  to  think,  however,  that  if  combination  thus  takes  place,  the  pro- 
•rtion  so  employed  is  extremely  small.  ||     The  remarkable  power  of 
sorbing  carbonic  acid,  which  is  possessed  by  the  Serum,  and  still  more 
the  Red  Corpuscles,  has  been  already  mentioned  (§§  84,  142) ;  and  there 
uld  be  no  difficulty  in  accounting  for  the  presence  of  many  times  the 
iiount  of  that  gas  which  is  actually  found  in  the  blood,  without  sup- 
sing  it  to  lose  its  fi'eedom  by  combination. 

"  "  Philosophical  Magazine,"  vol.  xxxiii.  p.  28. 

+  "  Archiv.  der  Pharmacie,"  and  "  Liebig  and  Kopp's  Report,"  for  1849,  p.  366. 
t-  It  has  been  found  by  Magnus,  that  carbonic  acid  is  not  given  oif  under  the  receiver  of 
•ur-pump,  until  the  air  has  been  so  far  exhausted  that  it  only  supports  one  inch  of  mercury, 
n  fact  explains  the  negative  result  obtained  by  many  experimenters  ;  since  an  extremely 
d  air-pump  is  required  to  produce  such  a  degree  of  exhaustion. 

See  "  Ann.  der  Physik  und  Chemie,"  band  Ixvi.  p.  177 ;  and  an  abstract  in  the  "  Philo- 
'liical  Magazine,"  Dec.  1845. 
il  See  Lehraann,  Op.  cit.,  band  ii.  p.  181. 
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164.  The  increase  of  the  Fibrin,  however,  which  seems  to  be  effected 
dm-ing  the  aeration  of  the  Blood,  must  be  taken  as  an  indication  that  a 
certain  part  of  the  oxj'-gen  absorbed  from  the  air  is  made  directly  subser- 
vient to  changes  in  the  composition  of  the  circulating  fluid ;  and  from 
what  has  been  already  stated  (§  25),  it  appears  that  the  fibrin  of  arterial 
blood  is  in  a  state  of  higher  oxidation  than  that  of  venous.  Now  although, 
for  the  reasons  formerly  given  (§§  25—29),  we  must  regard  the  conversion 
of  albumen  into  fibrin  as  rather  a  vital  than  a  chemical  change,  yet  the 
existence  of  the  difference  in  question  obviously  points  to  the  presence  of 
oxygen  as  a  condition  essential  to  its  performance ;  and  this  inference  is 
fully  confirmed  by  the  recent  experiments  of  Dr.  Gairdner,*  on  the  influ- 
ence of  the  respiration  of  pure  oxygen  on  the  production  of  fibrin.  A> 
the  Eabbit  was  on  many  accounts  the  most  convenient  warm-blooded 
animal  for  such  a  trial,  he  fii'st  set  himself  to  determine  the  normal  pro- 
portions of  the  constituents  of  its  blood.  The  analysis  of  the  blood  drawn 
from  the  aorta  in  six  healthy  individuals  yielded  the  following  results. 

Mean  Max.  Min. 

Fibrin        .       .      1-65  2-00  1-45 

Corpuscles       .       8-2-35  92-00  70-00 

Albumen     .       .    4630  58-00  37-20 

On  the  other  hand,  the  analysis  of  the  blood  of  three  individuals  which 
had  been  made  to  respire  pure  oxygen  for  half  an  hour,  gave  the  following 
as  the  proportions  of  its  components. 

Mean  Max.  Min. 

Fibrin        .       .      2-40  2-,50  2-30 

Corpuscles       .       69-56  75-00  60-50 

Albumen     •       •    40-23  45-70  35-00 

It  is  further  stated  by  Dr.  Gairdner  (Op.  cit.,  p.  183),  that  a  rabbit  having 
been  kept  for  half  an  hour  under  the  influence  of  an  electro-magnetic 
current  between  the  chest  and  spine,  which  produced  a  great  acceleration 
in  the  respiratory  movements,  its  blood  was  found  to  contain  as  much  as 
2-9  pai'ts  of  fibrin  in  1000. — The  larger  quantity  of  fibrin  in  arterial 
blood  of  itself  renders  its  coagulum  firmer;  but  independently  of  this, 
there  would  seem  to  be  a  difference  in  the  quality  of  the  fibrin,  which, 
when  sepai'ated  by  stirring  or  whipping,  is  more  tenacious  and  compact  in 
arterial  than  in  venous  blood. 

165.  The  proportion  of  Red  Corpuscles  in  arterial  and  veno\is  blood 
respectively,  has  been  variously  stated  by  different  observers ;  and  we  may 
easily  conceive  it  to  be  affected  by  several  circumstances,  which  may  pro- 
duce a  change  in  the  whole  proportion  of  the  solid  to  the  fluid  consti- 
tuents of  the  blood,  during  the  course  of  its  circulation.  Thus,  tb^ 
discharge  of  the  contents  of  the  thoracic  duct  into  the  venous  system  neai 
the  heart,  will  tend  to  dilute  the  blood  of  the  pulmonary  and  arterial 
circulation;  whilst,  conversely,  the  escape  of  the  watei-y  part  of  the  blootl 
by  the  renal  and  cutaneous  secretions,  and  by  transudation  into  tlu 
tissues,  which  takes  place  during  its  passage  through  the  systemic  capil- 
laries, will  tend  to  augment  the  proportion  of  the  solids  of  the  bloon 
drawn  from  the  systemic  veins.    On  the  other  hand,  if  the  discharge  ol 


*  Treatise  "On  Gout,"  2nd  edit.,  pp.  153-4. 
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:  fluid  from  the  thoracic  duct  be  suspended,  and  the  amount  absorbed  from 
the  tissues  during  the  systemic  circulation  should  exceed  that  which  is 
ti-ansuded  (as  appears  sometimes  to  happen,  §  1 62),  then  the  proportion 
of  solid  matter  will  be  less  in  venous  than  in  arterial  blood. — No  such 
explanation  will  apply,  however,  to  the  very  marked  differences  exhibited 
in  Dr.  Gairdner's  experiments  just  cited,  between  the  proportions  of  red 
,  corpuscles  and  of  albumen  in  the  ordinary  arterial  blood  of  rabbits,  and 
'  in  that  of  the  individuals  whose  blood  had  been  hyper-arterialized ;  the 
dSiun  of  the  averages  in  the  former  case  being  128-65,  and  in  the  latter 
109'79,  the  difference  of  which  is  18-86,  or  nearly  one-seventh  of  the  larger 
lamount.    Still,  that  this  difference  is  in  great  part  due,  rather  to  dilution 
rof  the  blood,  than  to  the  absolute  diminution  in  its  entire  amount  of  red 
(Corpuscles  and  of  albumen,  would  seem  probable  from  the  fact  that  their 
■relative  amount  is  almost  exactly  the  same  in  the  two  cases,  the  propor- 
i  tion  of  corpuscles  to  albumen  being  1*78  :  1  in  the  normal  blood,  and 
1-72  : 1  in  the  oxygenated.* 

166.  The  difference  in  the  hues  of  arterial  and  of  venous  blood,  which  is 
lentirely  dependent  upon  the  state  of  the  Red  Corpuscles,  has  been  supposed 
ito  be  produced  by  a  chemical  change  exerted  upon  their  Hsematin  (§31) 
\by  oxygen  and  carbonic  acid  respectively.  Of  such  change,  however, 
ithere  is  no  adequate  evidence  j  and  there  are  many  indications  that  we 
r*re  to  look  for  the  source  of  the  difference  of  colour,  rather  in  modifica- 
kbions  in  the  form  of  the  corpuscles,  affecting  their  power  of  transmitting 
tand  reflecting  light,  than  in  any  chemical  alterations  of  their  contents.  It 
!  is  true  that  if  arterial  blood  be  exposed  to  carbonic  acid  out  of  the  body, 

I it  will  acquire  the  dark  hue  of  venous  blood ;  whilst,  conversely,  venous 
olood  exposed  to  oxygen  wall  acquire  (on  its  surface  at  least)  the  florid 
aue  of  arterial  blood.  But  for  these  changes  to  take  place,  it  is  necessary 
hat  the  normal  proportion  of  saline  matter  should  exist  in  the  serum  in 
^hich  the  coi-puscles  float,  and  that  the  corpuscles  themselves  should  not 
lave  ruptured  and  discharged  their  htematin.  For  if  arterial  blood 
ieprived  of  its  fibrin  be  diluted  with  twice  or  thrice  its  volume  of  water, 
t  assumes  a  dark  venous  tint,  which  is  not  affected  by  the  passage  of  a 
current  of  oxygen  through  it ;  yet  the  red  colour  is  restored  by  the  addi- 
tion of  a  saturated  solution  of  a  neutral  salt,  even  without  the  contact  of 
oxygen.  On  the  other  hand,  venous  blood  is  reddened  by  the  addition  of 
I  strong  saline  solution,  without  any  exposure  to  oxygen;  and  it  is  not 
readily  darkened  again  by  the  passage  of  carbonic  acid  through  it.  Again, 
i  scarlet  clot  is  darkened  by  washing  it  with  distilled  water,  and  is  only 
i^ery  slowly  reddened  by  exposure  to  oxygen;  whilst  a  black  clot  becomes 
it  once  scarlet  when  it  is  washed  with  salt,  and  is  not  blackened  again  by 
fiarbonic  acid.  Further,  if  the  corpuscles  be  tj'eated  with  water  until  they 
Durst,  so  that  the  heematin  is  diffused  through  the  liquid,  scarcely  any 
fefifect  is  produced  upon  the  hue  of  the  solution,  either  by  carbonic  acid,  by 
y)xygen,  or  by  salines;  such  slight  alteration  as  does  occur  being  fairly 
attributable,  either  to  the  presence  of  a  few  corpuscles  still  unruptured,  or 
0  the  influence  which  the  absorption  of  these  gases  may  produce  upon 
»he  colouring  matter,  without  entering  into  chemical  combination  w^ith 
r  '  It  would  be  important  to  determine  the  comparative  amount  of  carbonic  acid,  and  of  tlie 
•olids  of  the  urine,  excreted  in  the  same  time  by  two  sets  of  animals  placed  under  these  very 
■liverse  conditions. 
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it.* — Hence  it  is  obvious  that  the  light  or  dai-k  colour  of  the  blood  affords 
no  indication  whateyer  of  its  state  of  oxygenation,  since  the  change  from 
the  one  to  the  other  may  be  effected  by  other  agents ;  and  if  we  examine 
into  the  nature  of  their  influence,  we  find  that  the  blood  is  darkened  by 
whatever  tends  to  distend  the  corpuscles,  so  as  to  render  them  flat  or  bi- 
convex, whilst  it  is  brightened  by  whatever  tends  to  emi-^ty  them,  so  as  to 
render  them  more  deeply  bi-concave  than  usual.  And  observation  of  the 
effects  of  oxygen  and  carbonic  acid,  respectively,  upon  the  form  of  the 
corpuscles,  confii-ms  the  idea  that  this  is  the  mode  in  which  these  agents 
affect  their  colour;  for  the  former  causes  their  contraction,  and  renders 
their  cell-walls  thick  and  granular,  so  as  to  increase  their  power  of  reflect- 
ing light ;  whilst  the  latter,  producing  a  dilatation  of  the  corpixscles,  thins 
their  cell-walls,  and  enables  them  to  transmit  light  more  readily.  That 
an  increase  in  the  opacity  and  reflecting  power  of  the  corpuscles  tends  to 
heighten  the  colour  of  the  blood,  is  sho\vn  by  an  experiment  of  Scherer's; 
who  found  that  wlien  defibriuated  blood  had  been  darkened  by  the  addi- 
tion of  water,  its  original  bright  colour  was  restored  by  the  addition  of  a 
little  milk,  oil,  or  finely-powdered  chalk  or  gypsum.t 

1G7.  No  difference  can  be  detected  between  samples  of  blood  di-awn 
from  various  parts  of  the  arterial  system  of  the  same  animal ;  but  very 
important  variations  exist,  as  might  be  expected,  in  the  composition  of 
the  blood  di-awn  from  the  several  parts  of  the  venous  system,  since  the 
changes  to  which  it  has  been  subjected  in  the  several  organs  through 
wliich  it  has  passed,  are  of  a  very  diversified  character.  The  blood  of  the 
vena  portoe,  for  example,  differs  considerably  from  the  blood  of  the 
hepatic  vein,  and  both  of  these  differ  from  the  blood  of  the  jugular.  So, 
again,  the  blood  of  the  si^lenic  vein  differs  from  all  the  preceding;  and 
so  must  tlie  blood  of  the  renal  vein,  although  this  latter  difference  ha.s 
not  yet  been  demonstrated  by  direct  analysis.  The  most  important  and 
best-established  of  these  diversities  will  now  be  enumerated. — In  speak- 
ing of  the  comiDositiou  of  the  blood  of  the  Vena  Porta?,  it  must  be  remem- 
bered that  this  consists  of  two  very  distinct  factors,  namely,  the  blood  of 
the  gastric  and  mesenteric  veins,  and  the  blood  of  the  splenic  vein ;  the 
former  having  been  altered  by  the  introduction  of  solid  and  liquid  alimen- 
tary matters,  and  the  Itttter  by  its  circulation  through  the  spleen. 
These,  therefore,  ought  to  be  separately  studied ;  and  this  has  been  done 
by  M.  Jules  Beclard.J  The  characters  of  the  blood  retvu-ning  by  the 
Gastric  and  Mesenteric  veins  from  the  walls  of  the  alimentary  canal,  ai'e 
of  course  affected  by  the  stage  of  the  digestive  process,  and  by  the  natiu'e 
a.nd  amount  of  the  absorbable  matters.  As  compared  with  the  ordinary 
venous  blood,  the  total  quantity  of  its  solid  constituents  is  lowered 
dming  the  early  part  of  the  digestive  process,  by  the  dilution  it  sufFei"S 
through  the  imbibition  of  liquid;-  and  this  diminution  is  especially  remark- 
able in  the  corpuscles,  the  relative  propoi'tion  of  albumen  being  increased 

*  It  has  been  shown  by  Peligot,  that  the  colours  of  solutions  of  the  salts  of  the  protoxide 
of  iron  are  considerably  modified  by  passing  a  current  of  protoxide  of  nitrogen  through  them, 
although  no  chemical  change  is  thereby  induced. 

+  See,  on  this  subject,  the  Reports  by  Scherer  in  "  Canstatt's  Jahresbericht"  for  1844  and 
subsequent  years,  and  the  works  therein  referred  to ;  also  Mulder's  "  Chemistry  of  Auuna' 
and  Vegetable  Physiology"  (translated  by  Prof.  Johnston),  pp.  338—344. 

J  See  his  Memoir  in  the  "  Arch  Gen.  de  M6d.,"  4*  serie,  torn,  xviii.,  p.  322,  et  seq.;  and 
his  edition  of  his  father's  "  Elements  d'Anatomie  Gen^rale,"  pp.  265,  20"6. 
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by  the  introduction  of  new  albuminous  matter  from  the  food.  Towards 
the  conclusion  of  the  digestive  process,  however,  the  blood  of  the  mesen- 
teric veins  gradually  comes  to  present  the  ordinary  propoi-tions  of  these 
wo  components;  and  in  an  animal  that  has  been  subjected  to  long- 
abstinence,  it  does  not  differ  from  that  of  the  venous  system  in  general. 
The  quantity  of  extractive  is  usually  increased;  and  in  this  part  of  the 
blood  it  must  be,  that  sugar,  dextrin,  gelatin,  and  other  soluble  organic 
iiiattei-s  that  are  taken  into  the  circulation,  are  contained.  Some  of  these 
have  in  fact  been  detected  in  it.*  The  fibrin  of  the  blood  of  the  mesen- 
teric veins  appears  to  be  less  perfectly  elaborated  than  that  of  the  blood 
in  general;  for  the  blood  of  the  mesenteric  veins  coagulates  less  per- 
lectly  (having  been  erroneously  asserted  by  some  not  to  coagulate  at  all) ; 
and  its  fibrin,  when  separated  by  stirring,  shows  a  marked  deficiency  in 
tenacity,  and  liquifies  completely  in  the  com'se  of  a  few  hours.  A  part 
of  the  albuminous  constituent  of  the  blood  does  not  present  the  cha- 
i  actei"s  of  true  albumen,  for  it  is  not  precipitated  by  heat  or  by  nitric 
acid,  and  the  precipitate  thrown  down  by  alcohol  is  redissolved  by  water; 
like  albumen,  however,  it  is  precipitated  by  the  metallic  salts,  creosote, 
and  tannin.  This  substance,  which  has  been  distinguished  by  M.  Mialhe 
as  alhuminose,  fui-ther  differs  from  true  albumen  in  the  facility  with 
which  it  traverses  organic  membranes;  for  these  resist  the  passage  of 
albumen,  while  they  are  freely  transuded  by  albuminose.  And  it  is 
affii-med  by  M.  Mialhe,  that  the  want  of  that  conversion  of  albuminose 
•nto  albumen,  which  ought  to  take  place  as  part  of  the  assimilating  pro- 
cess, is  one  cause  of  the  readiness  with  which  albuminous  matter  trans- 
udes fi'om  the  blood  in  albuminuria  and  in  dropsies;  this  albuminous 
natter  frequently  having  rather  the  characters  of  albuminose,  tljan  those 
'f  true  albumen,  t 

168.  On  the  other  hand,  the  blood  of  th§  Splenic  vein  exhibits  a 
otable  diminution  in  the  proportion  of  red  corpuscles,  whilst  its  albu- 
11  en  is  greatly  augTaented,  the  total  amount  of  its  solid  matter  diflPering 
lut  little  from  that  of  arterial  blood;  as  is  shown  by  the  following  com- 
tai-ative  statement  of  the  proportions  of  the  water  and  the  solids  of 
he  blood  of  the  same  animal  in  different  parts  of  its  circulation. 


External  Mammary  Splenic 

Jugular  Vein.  Artery.  Vein. 

Water  .       .       .       778-9  750-6  746-3 

Albumen  .       ,       .     79-4  89-5  124-4 

Corpuscles  and  Fibrin     141-7  159-9  128-9 


\  part  of  this  augmented  albumen  exists  in  the  form  of  neutral  albumi- 
late  of  soda  (§  20) ;  so  that  the  serum  of  the  splenic  blood  (as  shown  by 

'  herer)  becomes  turbid  on  the  addition  of  water.  The  proportion  of 
ilirin  seems  to  be  larger  in  the  blood  of  the  splenic  vein,  than  in  that  of 
he  venous  system  in  general;  but,  like  that  of  the  mesenteric  vein,  the 
eparated  fibrin  is  deficient  in  tenacity,  and  early  passes  into  the  state  of 

quefaction.  The  serum  of  the  blood  of  the  splenic  vein  of  the  horse  was 
"und  by  M.  Beclard  in  two  instances  to  undergo  spontaneous  coagiila- 
ion,  five  and  eight  hours  after  its  removal  from  the  crassamentum,  in 

*  See  the  Researches  of  MM.  Bouchardat  and  Sandras,  in  the  "  Supplement  a  I'Ann- 
ire  de  Th^rapeutique,"  1046. 
t  See  the  "  Cours  de  Physiologic"  of  M.  Paul  B6rard,  torn.  iii.  p.  87. 
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contact  with  which  it  had  been  left  for  the  preceding  twenty-four  hours. 
This  spontaneous  coagulation  indicates  the  existence  of  a  compound  of  a 
fibrinous  nature,  which,  however,  could  not  have  been  fully  elaborated, 
since  it  did  not  coagulate  with  the  true  fibrin,  and  which  difiered  from 
albumen  in  the  spontaneity  of  its  change  of  state ;  and  we  may  consider 
the  substance,  with  much  probability,  to  have  been  in  a  transition-state 
between  the  two.  The  peculiar  cells  containing  red  corpuscles,  which 
form  part  of  the  parenchyma  of  the  Spleen  (chap.  viii.  sect.  3),  ai-e  not 
unfrequently  to  be  observed  in  the  blood  of  the  splenic  vein ;  being  very 
abundant,  according  to  Ecker,  in  that  of  the  horae. 

169.  Many  comparative  observations  have  been  made  upon  the  blood 
of  the  vena  portce  and  of  the  hejMtic  vein;  but  a  large  pai't  of  them, 
according  to  M.  CI.  Bernard,  are  vitiated  by  the  fact,  that,  \mless  the 
vena  portee  be  tied,  a  reflux  of  blood  takes  place  into  it  from  the  liver, 
so  that  the  blood  which  flows  when  it  is  wounded,  is  not  so  much  poiial 
as  hepatic  blood.  According  to  this  experimenter,  the  blood  of  the 
hepatic  vein  is  peculiar'  as  containing  an  increased  proportion  of  sugar 
and  fat,  which  are  generated  from  its  other  components  during  its  pas- 
sage through  the  liver  (§§  40,  45-47) ;  and  he  also  maintains  that  there 
is  a  decided  augmentation  in  the  quantity  of  fibrin  which  it  contains.* 
At  any  rate,  the  albuminous  constituent  undergoes  some  change  in 
passing  through  the  liver,  by  which  it  is  rendered  more  fit  to  enter  the 
general  circulation ;  for  it  has  been  found  by  M.  Bernard,  that  whilst  a 
solution  of  the  albumen  of  the  egg,  injected  into  the  jugular  vein, 
speedily  occasioned  a  transudation  of  albumen  into  the  lu-ine,  no  such 
•transudation  occurred  when  a  similar  solution  was  injected  into  the  veiia 
poi'tse.t— According  to  Prof  Lehmann,  the  blood  of  the  hepatic  vein 
further  dilfers  from  that  of  the  portal  in  the  following  particulai'S.  "  It 
is  far  poorer  in  water;  so  that,  assuming  the  solid  constituents  of  the 
blood  to  be  equal  in  both  kinds  of  blood,  the  quantity  of  water  in  the 
blood  of  the  portal  vein  is  to  that  in  the  blood  of  the  hepatic  vein  as  4  : 3 
during  digestion  and  when  not  much  drink  has  been  taken,  and  some- 
times as  much  as  12  :  5  after  digestion  has  been  fully  accompMshed.  The 
clot  of  the  blood  of  the  hepatic  vein  is  bulky,  and  readily  breaks  down ; 
whilst  34  parts  of  serum  are  separated  from  100  parts  of  portal  blood, 
only  15  are  separated  from  100  parts  of  the  blood  of  the  hepatic  vein. 
The  blood  of  the  hepatic  vein  is  far  richer  in  blood-cells,  both  coloured 
and  colourless,  than  that  of  the  portal  vein;  the  col<Au-less  corpusck 
occur  in  the  most  varied  shapes  and  sizes;  the  colomed  are  seen  in  hea\» 
of  a  distinct  violet  colour,  and  their  capsules  are  less  readily  destroyed 
by  water  than  are  those  of  the  blood  of  most  other  vessels ;  while  iu  the 
blood  of  the  portal  vein  there  are  141  parts  of  moist  blood-cells  to  lOi 
parts  of  plasma,  in  the  blood  of  the  hepatic  vein  there  are  317  part^ 
of  moist  blood-cells  to  100  of  plasma.  The  cells  in  the  blood  of  tli^ 
hepatic  veins  are  poorer  in  fat  and  in  salts,  and  especially  in  hrematm,  oi 
at  least  iron,  but  somewhat  richer  in  extractive  matters.  Their  spccih' 
gi-avity  is  higher  than  that  of  the  cells  of  the  portal  blood,  uotwitli- 
standing  the  diminished  quantity  of  iron.    The  plasma  of  the  blood  t 

*  "  L'Union  M^dicalc,"  Sept.  23,  1850.    M.  Bernard  does  not  give  any  details  on  tlr 
point ;  and  he  does  not  seem  to  have  made  allowance  for  the  admixture  of  tlie  ^^^oou  ot 
hepatic  artery  with  that  of  the  portal  vein.  t  "  Gazette  Medicale,"  1850. 
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he  hepatic  veins  is  far  denser  than  that  of  the  blood  of  the  portal  vein, 
)r  it  contains  a  much  larger  amount  of  solid  constituents  generally, 
Ithough  Httle  or  no  fibrin  is  to  be  foimd  in  it  (?).  While  84  parts  of 
Aid  matter  correspond  to  100  of  water  in  the  serum  of  portal  blood, 
\ere  are  1 1  "8  parts  of  solid  matter  to  an  equal  quantity  of  water  in  the 
;rum  of  the  blood  of  the  hepatic  veins.  If  we  compare  the  solid  con- 
ituents  of  the  serum  of  both  kinds  of  blood,  we  find  less  albumen  and 
•,t,  and  for  less  salts,  in  the  blood  of  the  hepatic  veins,  while  the  quantity 
:  exti'active  matter,  including  sugai^,  is  perceptibly  augmented."* — It 
innot  be  doubted  that  when  the  secretion  of  urine  is  proceeding  with 
.pidity,  the  blood  of  the  renal  vein  must  contain  a  smaller  proportion 

■  water  than  that  of  the  renal  artery,  and  that  the  quantity  of  salines 
30  must  be  diminished;  since  a  separation  of  these  ingredients  takes 

■  ace  in  the  passage  of  the  blood  through  the  renal  capillaries.  So  far  as 
gards  the  quantity  of  water,  this  a  priori  conclusion  has  been  confirmed 
r  the  analyses  of  Simon,  who  found  790  parts  of  water  in  1000  of 
ood  di'awn  from  the  renal  artery,  and  only  778  in  blood  drawn  from 
e  renal  vein  of  the  same  animal,  t  The  proportion  of  salts,  however, 
is  not  been  analytically  determined  to  be  different. 

170.  AlteTCitions  in  the  ComjJosition  of  the  Blood  in  Disease. — Under 
r  is  head  it  is  intended  here  to  consider,  not  the  state  of  the  Blood  in 
ery  principal  type  of  disease  (which  it  is  the  duty  of  the  Pathologist 
investigate),  but  the  most  important  facts  which  the  study  of  its 
jrbid  conditions  has  afforded,  towards  the  determination  of  the  con- 
ions  under  which  decided  variations  take  place  in  the  quantity  or 
ality  of  its  principal  components,  and  of  the  effects  which  those  varia- 
us  produce  upon  the  system  at  large.    The  first  series  of  such  con- 
ted  reseai'ches,  as  afford  the  requisite  materiq^ls  for  this  inquiry,  was 
it  of  MM.  Andi'al  and  Gavarret,;]:  which  is  still  of  standard  value ; 
s  was  followed  by  the  investigations  of  MM.  Becquerel  and  Ilodier;§ 
'I  many  additional  analyses  have  been  made  by  Popp,  Simon,  and 
ler  observers.    For  the  purpose  of  comparison,  however,  as  already 
narked,  it  is  deskable  to  employ  these  results  only,  which  have  been 
iained  by  processes  essentially  the  same;  and  hence  the  following 
iimary  will  be  chiefly  based  on  the  statements  of  the  French  experi- 
uters  whose  researches  have  been  just  referred  to. — It  is  necessary, 
wever,  in  the  first  place,  to  assume  some  standard  of  composition,  which 
y  be  regai'ded  as  sufl&ciently  characteristic  of  health,  to  lead  us  to  rank 

■  variation  which  passes  beyond  its  limits  as  essentially  morbid ;  and 
s  standard  must  be  fixed  according  to  the  method  of  analysis  em- 
•yed.  Thus,  although  it  has  been  shown  (§  154)  that  the  calculation 
the  proportionals  of  the  principal  constituents  of  the  blood,  fi-om  the 
idts  obtained  according  to  the  method  of  MM.  Andi'al  and  Gavarret, 
ist  be  held  to  be  in  itself  erroneous,  yet  as  the  same  method  was  followed 
all  tlie  analyses  of  morbid  blood  made  by  them  and  their  successors, 

■  requisite  standard  must  be  erected  upon  this  foundation ;  and  the  fol- 
>  mg  may  thus  be  considered  as  the  normal  range  of  variation  for  the 

"Lehrhuch  der  Physiologischen  Chemie,"  band  ii.  p.  250. 
"^Animal  Chemistry,"  translated  by  Dr.  Day,  vol.  i.  p.  214. 
"  Essai  d'Htematologie  Pathulogiqiie." 

"  KechercheB  sur  la  Composition  du  Sang  dans  TEtat  de  Sante  et  dans  I'Etat  de  Maladic." 
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principal  constituents  of  the  blood  in  health,  according  to  the  foregoing 

mode  of  estimating  them  (§  152). 

Fibrin     .       .       ,    from  2  to       3^  parts  per  1000. 

Red  Corpuscles  .         „  1 1 0  „  1 52       „  „ 

Solids  of  Serum       .      „  72  „      88       „  „ 

Water       .  .         „  760  „  815       „  „ 

171.  The  first  of  these  components  whose  valuations  we  shall  consider, 
is  Fibrin;  the  estimate  of  which,  however,  is  open  to  an  important 
fallacy,  that  has  not  been  sufficiently  guarded  against, — namely,  the 
admixture  of  the  Colourless  corpuscles.  "  These,"  as  Mr.  Paget  correctly 
remarks,  "  cannot,  by  any  mode  of  analysis  yet  invented,  be  separated 
from  the  fibrin  of  mammalian  blood ;  their  composition  is  unknowTi,  but 
their  weight  is  always  included  in  the  estimate  of  the  fibrin.  In  health, 
they  may,  perhaps,  add  too  little  to  its  weight  to  merit  consideration; 
but  in  many  diseases,  especially  in  inflammatory  and  other  blood-diseases 
in  which  tlie  fibrin  is  said  to  be  increased,  these  corpuscles  become  so 
numerous  that  a  large  proportion  of  the  supposed  increase  of  the  fibrin 
must  be  due  to  their  being  weighed  with  it.  On  this  account,  all  the 
statements  respecting  the  increase  of  fibrin  in  certain  diseases  need  re- 
vision."* Some  idea  may  probably  be  formed  of  the  relative  proportion 
of  fibrin  and  colourless  corpuscles,  in  the  colourless  coagulum  obtained 
by  stirring  the  blood  or  by  washing  the  ordinary  clot,  or  in  that  which 
foi-ms  the  '  buffy  coat'  (§  189),  by  attendmg  to  its  texture;  for  where 
this  is  unusually  firm  and  almost  leathery,  as  it  commonly  is  in  the  blood 
of  a  person  suffering  under  a  '  sthenic '  inflammation,  either  the  propor- 
tion of  fibrin  must  be  augmented,  or  its  plasticity  must  be  increased, 
or  both  conditions  must  coexist;  whilst,  on  the  other  hand,  when  the 
colourless  clot,  though  bulky,  is  deficient  in  tenacity  and  is  easily  broken 
down  between  the  fingers,  as  happens  with  that  of  blood  drawn  from  tu- 
berculai*  subjects  when  no  inflammation  is  present,  the  increase  is  proba- 
bly due  rather  to  an  augmentation  in  the  colom-less  corpuscles,  than  to 
that  of  the  fibrin. — In  the  results  of  the  analyses  now  to  be  stated,  it  must 
be  borne  in  mind  that  the  term  '  fibrin '  really  designates  the  '  coloiu'less 
coagulum '  of  spontaneous  formation,  whatever  may  be  its  composition. 

172.  The  most  impoi-tant  fact  substantiated  by  Andral,  is  one  that  had 
been  previously  suspected, — the  invariable  increase  in  the  quantity  ot 
Fibrin  during  acute  Inflammatory  affections;  the  inci-ease  bemg  strictly 
proportional  to  the  intensity  of  the  inflammation,  and  to  the  degree  ol 
symptomatic  fever  accompanying  it.  "  The  augmentation  of  the  quau 
tity  of  Fibrin  is  so  certain  a  sign  of  Inflammation,  that,  if  we  find  mor^ 
than  5  parts  of  fibrin  in  1000,  in  the  com-se  of  any  disease,  we  ma\ 
positively  affirm  that  some  local  inflammation  exists."  Several  cases  aii 
mentioned,  in  which  an  increase  to  7  or  7^  parts  took  place,  without  an.v 
apparent  cause;  but  in  which  it  afterwards  proved  that  severe  loca! 
inflammation  had  been  present ;  and  thus  we  are  furnished  with  a  patho- 
gnomonic sign  of  great  importance.  The  average  proportion  of  Fibrin  m 
Inflammation  may  be  estimated  at  7 ;  the  minimum  at  5 ;  the  maximum 
at  13-3.  The  greatest  augmentation  is  seen  in  Pneumonia  and  Acute 
Rheumatism.  It  does  not  appear  that  in  robust  athletic  persons,  the  pro- 
portion of  Fibrin  is  greater  than  in  those  of  feeble  constitution ;  iu  the 

•  Kirkes  and  Paget's  "  Hand-book  of  Physiology,"  p.  57. 
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Litter  it  is  the  Corpuscles  that  are  deficient;  and  it  is  rather  from  this 
(lispro[)ortion,  than  from  an  absolute  excess  of  Fibrin,  that  their  gi-eater 
liabiUty  to  Inflammatory  affections  arises.  Diseases  which  commence  at 
the  same  time  as  the  Inflammation,  or  which  co-exist  with  it,  do  not  pre- 
sent" the  characteristic  increase  of  the  Fibrin ;  thus  in  Chlorotic  females, 
lh()  proportion  rises  to  G  or  7,  under  this  influence.  The  augmentation  is 
(observed  at  the  very  outset  of  the  affection;  the  quantity  increases  with 
its  progress;  and  a  decrease  shows  itself  when  the  disease  begins  to  abate.* 
When  the  disease  presents  alternations  of  increase  and  decline,  these  are 
marked  by  precisely  con-esponding  changes  in  the  quantity  of  Fibrin. 
An  augmentation  is  commonly  observable  during  the  advanced  stage  of 
I'hthisis,  in  spite  of  the  deterioration  which  the  blood  must  then  have 
mdergone;  this  is  pi'obably  dependent  upon  the  development  of  local 
inflammation  around  the  tubercular  deposits.  In  one  of  Popp's  observa- 
tions, the  proportion  of  Fibrin  in  the  blood  of  a  Phthisical  patient  was 
not  less  than  10 '7. — Some  experiments  performed  by  M.  Andral  on  the 
l)lood  of  pregnant  women,  seem  to  lead  to  the  conclusion  that,  during  the 
tirst  six  months,  the  Fibrin  is  below  the  normal  standard;  and  that  it 
subsequently  varies,  usually  undergoing  an  augmentation  between  the 
ixth  and  seventh,  and  the  eighth  and  ninth  months.  There  is  also  a 
limiuution  in  the  Corpuscles;  and  these  circumstances  combined  favour 
the  production  of  the  '  buffy  coat'  (§  190).  These  observations  are  con- 
•irmed  by  those  of  MM.  Becquerel  and  Rodier. 

173.  It  appears  obvious,  from  what  has  been  just  stated,  that  the 
iicrease  in  the  quantity  of  Fibrin  is  not  dependent  upon  the  febrile  con- 
lUtion,  which  is  secondary  to  the  local  inflammation,  but  upon  the  Inflam- 
mation itself  This  conclusion  is  confirmed  by  the  interesting  fact  that, 
in  idiopathic  Fever,  the  propoi'tion  of  Fibrin  is  diminished,  instead  of 
undergoing  an  increase.  This  diminution  w-as^  constantly  observed  by 
Andral  in  the  premonitory  stage  of  Continued  Fever;  in  some  instances 
the  amount  was  no  more  than  1-6  parts  in  1000.  The  proportion  of 
<  'oi-puscles  was  found  to  have  usually,  but  not  constantly,  undergone  an 
increase;  as  had  also  that  of  the  solid  parts  of  the  Serum.  In  ordinary 
Continued  Fever,  in  which  there  was  no  evident  complication  from  local 
'ILsease,  the  quantity  of  Fibrin  varied  from  4-2  to  2-2;  that  of  the  Cor- 
puscles from  18,5*1  to  103-6  (excluding  a  case  in  which  their  amount  was 
only  82  -o,  which  was  that  of  a  Chlorotic  female) ;  that  of  the  solid  matter 
of  the  Serum,  from  98-7  to  90-9;  and  that  of  the  Water  from  725-6  to 
'S.51-9.  Hence  the  quantity  of  solid  matter  appears  to  be  usually  in- 
(^•i-ea-sed;  but  the  peculiar  condition  of  the  blood  in  this  disease  may 
probably  })e  stated  to  be  (so  far  as  regards  the  proportions  of  its  principal 
onstituents)  a  diminution  of  the  Fibrin  in  proportion  to  the  Red  Cor- 

*_  By  experiments  on  animals,  M.  Andral  has  ascertained  that  no  circumstance  of  previous 
I'^bility  or  privation  prevents  this  characteristic  change.    Having  ascertained  the  amount  of 
itirin  in  the  blood  of  three  dogs  to  be  2-3,  2-2,  and  1-6  (the  natural  range  for  these 
iiiitnals),  he  deprived  them,  completely  or  partially,  of  food.    On  the  fourteenth  day,  the 
proportion  of  fibrin  had  risen,  in  the  first  to  4*5,  and  in  the  second  to  4;  these  animals 
^id  no  food.    In  the  third  dog,  which  was  supplied  with  a  very  small  quantity  of  food  daily, 
lie  same  condition  developed  itself  at  a  later  period;  the  blood  on  the  fourteenth  day  ex- 
ibiting  only  l-»  parts  of  fibrin;  but  on  the  twent^'-second  day  presenting  3-3  parts. — In 
•ill  these  instances,  the  elevation  in  the  proportion  of  Fibrin  was  coincident  with  Inflamma- 
tory changes  in  the  stomach. 
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puscles.  When,  however,  a  local  luflammatory  affection  developes  itself 
during  the  course  of  the  Fever,  the  amount  of  Fibrin  increases;  but 
its  augmentation  seems  to  be  kept  down  by  the  febrile  condition. — In 
Typhoid  Fever,*  the  decrease  in  the  proportion  of  Fibrin  is  much  more 
decidedly  marked ;  this  does  not  depend  upon  abstinence ;  for  it  ceases  as 
soon  as  a  favourable  change  occurs  in  the  disease,  long  before  the  effect 
of  food  could  show  itself.  In  the  various  cases  examined  by  Andral,  the 
blood  furnished  a  maximum  of  3"7  of  fibrin,  and  a  minimum  of  0'9;  in 
this  last  case,  the  typhoid  condition  existed  in  extreme  intensity,  yet  the 
patient  recovered.  The  proportion  of  Corpuscles  varies  considerably;  in 
an  early  stage  of  the  disease  it  is  usually  found  to  be  absolutely  high ;  and 
it  always  remains  high  relatively  to  the  amount  of  fibrin.  In  Typhoid 
Fever,  then,  the  abnormal  condition  of  the  Blood,  in  i-egard  to  the  dispro- 
portion between  the  coi-puscles  and  the  fibrin,  is  more  strongly  marked 
than  in  ordinary  continued  fever ;  yet  the  usual  augmentation  of  fibrin 
will  take  place,  if  a  local  inflammation  developes  itself. — In  'putrid'  or 
'malignant'  fevers,  there  appears  to  be  a  very  marked  diminution,  not 
only  in  the  fibrin,  but  in  the  other  solid  constituents  of  the  blood;  aud 
in  their  advanced  stages,  the  blood  may  entu-ely  lose  its  power  of  coagula- 
tion. Thus  in  a  case  of  'typhus  abdominalis,'  in  which  the  blood  was 
analysed  by  Simon,  he  found  only  112-5  parts  of  solid  matter,  of  which 
54  parts  were  albumen,  the  corpuscles  only  constituting  47^  pai'ts,  aud 
the  fibrin  being  altogether  deficient.  In  the  Exanthematous  Fevers,  it 
does  not  appear  that  the  proportion  between  the  fibrin  and  the  coi-pus- 
cles  undergoes  so  striking  a  change,  as  in  ordinary  continued  fever;  but 
the  number  of  cases  examined  has  been  too  small  to  admit  of  decided  con- 
clusions. It  is  evident,  however,  that  the  specific  Inflammations  proper 
to,  and  characteristic  of,  these  Fevers,  have  not  the  same  effect  in  occa-  jj 
sioning  an  increase  of  the  Fibrin,  as  an  intercurrent  Inflammation  of  an 
extraneous  character. — It  has  been  asserted  that  the  proportion  of  Fibrin 
is  diminished  in  Scurvy ;  but  this,  from  the  analysis  of  MM.  Becquerel  and 
Eodier,  Chatin  and  Bouvier,t  and  Mr.  Busk,  |  appears  not  to  be  the  case,  i 
the  proportion  of  fibrin  being  rather  above  than  below  the  normal  aver-  i 
age.  In  Cholera,  however,  a  reduction  in  the  coagulable  element  of  the 
blood  seems  to  be  an  almost  constant  occm'rence ;  and  in  some  instances,  ! 
the  blood,  although  loaded  with  solid  matter,  has  scarcely  coagulated  at 
all.  Of  the  blood  di*awn  during  life,  it  has  been  observed  that  the  clot  is 
loose  and  grumous,  often  not  shrinking  and  expelling  sermn;  and  that 
this  change  presents  itself  in  a  degree  corresponding  to  the  severity  and 
advanced  stage  of  the  disease.  And  when  the  blood  has  been  removed 
from  the  body  after  death,  the  clots  have  been  found  loose  and  fi-agile  in 
texture,  sometimes  almost  semi-fluid.  § — It  appeal's  from  the  experiments 
of  Magendie,  that  one  of  the  effects  of  a  diminution  in  the  proportion  of 
Fibrin,  is  a  tendency  to  the  occmTence  of  Hsemorrhage  or  of  Conges- 
tion, either  in  the  parenchymatous  tissue,  or  on  the  suiface  of  mem- 

*  M.  Andral  confines  this  term  to  the  species  characterised  by  ulceration  of  the  mucous 
follicles  of  the  intestinal  canal. 

+  "  Journ.  de  Chimie  M^dicale,"  Mars,  1848. 
X  "  Library  of  Medicine,"  Vol.  v.  p.  90. 

§  See  Dr.  Parkes's  "  Researches  into  the  Pathology  and  Treatment  of  the  Asiatic  or 
Algide  Cholera,"  pp.  32,  7:i. 


ITS  PHYSICAL,  CHEMICAL,  AND  STRUCTURAL  CHARACTERS.  169 


raiies :  and  these  conditions  are  well  known  to  be  of  frequent  occurrence, 
<  complications  of  many  of  the  above  disorders.  A  mai^ked  diminution 
'  Fibrin  was  noticed  also,  by  M.  Andral,  in  many  cases  of  Cerebral 
ugestion,  which  commences  with  headache,  vertigo,  and  tendency  to 
listaiis,  and  not  unfrequently  passes  into  coma  and  apoplexy.  In  Apo- 
iL'xy,  the  diminution  of  Fibrin  was  still  more  striking ;  and  in  general, 
tore  was  found  to  be  an  increase  of  the  Corpuscles.  In  one  instance, 
ic  quantity  of  Fibrin  on  the  second  day  of  the  attack  was  found  to  have 
Jlen  to  1-9,  whilst  that  of  the  Corpuscles  had  risen  to  176-5;  but  on  the 
lird  day,  when  the  patient's  consciousness  began  to  return,  the  quantity 
■  Fibrin  was  3-5,  whilst  that  of  the  Corpuscles  had  fallen  to  137-7.  It 
ould  seem  from  the  great  change  in  the  character  of  the  Blood,  which 
.IS  noticed  in  this  and  in  other  instances,  that  the  want  of  due  proportion 
-'tween  the  Fibrin  and  the  Corpuscles  may  have  been  the  cause,  rather 
lan  the  effect,  of  the  Apoplectic  attack.  In  a  case  of  Purpura  Heemor- 
lagica  in  which  the  blood  was  analysed  by  Routier,*  the  proportion  of 
n-puscles  was  normal  (nearly  122  parts  in  1000),  whilst  the  fibrin  only 
nounted  to  0-9  parts  in  1000. 

174.  The  amount  of  Red  Corpuscles  seems  to  be  subject  to  greater 
u-iation  within  the  hmits  of  ordinary  health,  than  is  that  of  fibrin.  In 
le  condition  which  is  ordinarily  termed  a  highly  sanguineous  tempera- 
eut,  or  Plethora,  it  is  chiefly  the  entire  mass  of  the  blood  that  undergoes 

I  increase ;  but  whatever  excess  there  may  be  in  the  proportion  of  its  solid 
mstituents,  this  affects  the  Corpuscles  rather  than  the  fibrin.  Plethoric 
-  rsons  are  not  more  prone  to  Inflammation,  than  are  those  of  weaker 
'ustitution ;  but  they  are  liable  to  Congestion,  especially  of  the  brain, 
111  to  Apoplexy  or  other  Haemorrhage.  The  effect  of  Bleeding  in  dimi- 
shing  this  tendency  is  now  intelligible;  since  we  know  that  loss  of  blood 
luces  the  proportion  of  Corpuscles. — On  the  other  hand,  in  that  tempe- 

iment,t  which  when  exaggerated,  becomes  Ansemia,  there  is  a  marked 
iminutionof  the  Corpuscles;  this  temperament  may  lead  to  two  different 
jiiditions  of  the  system.  In  Chlorosis,  the  Bed  Corpuscles  are  dimi- 
ished,  whilst  the  Fibrin  remains  the  same;  so  that  the  clot,  though 
aall,  is  fii'm,  and  not  unfrequently  exhibits  the  buffy  coat;  in  some 
>:treme  cases  of  this  disease,  the  Corpuscles  have  been  found  as  low  as  27. 
,  he  influence  of  the  remedial  administration  of  Iron,  in  increasing  the 
'lautity  of  Corpuscles,  was  rendered  extremely  perceptible  by  Andral's 
alyses;  in  one  instance,  after  iron  had  been  taken  for  a  short  time,  the 
roportion  of  Corpuscles  was  found  to  have  risen  from  49-7  to  64-3; 
iiilst  in  another,  in  which  it  had  been  longer  continued,  it  had  risen 
"m  46-6  to  95-7.  On  the  other  hand.  Bleeding  reduced  still  lower  the 
I'oportion  of  Corpuscles;  thus  in  one  instance,  their  amount  was  found, 

II  a  second  bleeding,  to  have  sunk  from  62-8  to  49.  The  full  proportion 
I  ^  fibrin  in  the  blood  of  Chlorotic  patients,  seems  to  account  for  the  infre- 

'tency  of  Heemorrhage  in  them ;  whilst  it  also  leads  us  to  perceive  that 
■y  may  be,  equally  with  others,  the  subjects  of  acute  Inflammation, 
iiich  we  know  to  be  the  fact.    A  diminution  of  Corpuscles  may  also 
'exist  with  a  diminution  in  the  amount,  or  in  the  degree  of  elaboration, 

'  "  Gazette  dea  Hopitaux,"  torn.  vi.  No.  90. 

■  The  term  li/mphalic  has  been  applied  to  this  tempenimeiit ;  by  which  term  was  meant  a 
ilominance  of  lymph  in  the  absorbent  vessels. 
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of  the  fibrin;  and  this  condition  seems  to  be  characteristic  of  Scrofula. 
Andral  has  noticed  a  diminution  in  the  proportion  of  Red  Coi-puscles  in 
other  Cachectic  states,  resulting  from  the  influence  of  various  depress- 
ing causes  on  the  nutritive  powers;  as  in  a  case  of  Diabetes  Mellitus,  in 
which  the  patient  was  much  exhausted ;  a  case  of  Aneui'ismal  dilatation 
of  the  Heaii  inducing  Dropsy ;  and  in  several  cases  of  Cachexia  Saturaina. 
The  proportion  of  Red  Corpuscles  seems  constantly  to  undergo  a  marked 
diminution  in  Scurvy :  and  has  been  found,  in  some  cases  of  this  disease, 
as  low  as  in  intense  Anemia,  The  same  may  be  said  of  the  advanced 
stage  of  Bright's  disease  of  the  Kidney,  and  of  '  Leucocytha3mia.'  A  very 
rapid  disintegration  of  the  Red  Corpuscles  appeal's  sometimes  to  take 
place,  when  a  morbid  poison  is  present  in  the  blood,  or  when  its  compo- 
sition has  been  serioxisly  affected  by  the  loss  of  its  other  constituents. 
Thus  Dr.  C.  B.  Williams  *  mentions  a  case  of  Albuminuria  proving  fatal 
in  six  days,  with  effusion  of  pus  into  the  joints  the  day  before  death,  in 
which  the  colouring  matter  was  found  to  be  dissolved  in  the  hquor  san- 
guinis, scarcely  any  perfect  corpuscles  being  left.  He  has  also  observed 
a  similar  total  destruction  of  the  blood-discs  in  a  case  of  maUgnant  scai- 
latina  with  purpura ;  and  has  met  with  indications  of  a  partial  destruction 
of  them  in  acute  purpura  connected  with  jaundice,  and  in  cases  of  func- 
tional derangement  of  the  liver. 

175.  A  marked  increase  in  the  proportion  of  the  Colourless  Corpuscles 
has  been  frequently  observed  in  the  blood  of  Inflammatory  subjects; 
this  increase  is  not,  however,  so  characteristic  of  the  Inflammatory  state 
as  some  have  supposed ;  for  it  is  by  no  means  constant  in  that  condition, 
and  is  frequently  seen  in  very  different  states  of  the  system  (§  196). — 
Attention  has  recently  been  drawn  by  Prof  J.  H.  Bennett  t  to  a  condi- 
tion of  the  Blood,  which  is  especially  characterized  by  a  marked  excess 
of  these  bodies,  and  which  he  has  designated  by  the  term  Leucocy- 
thcumia  (white  cell-blood).  This  condition  has  been  detected  in  the  blood 
of  a  considerable  number  of  individuals  sufiering  under  diseases  (most 
commonly  enlargement)  of  the  Spleen,  Liver,  and  Lymphatic  glands, 
either  separately  or  in  conjunction;  but  it  has  not  yet  been  determined 
how  far  it  is  constantly  associated  with  any  of  these  abnormal  conditions. 
In  all  cases  in  which  the  blood  has  been  analyzed,  its  specific  gravity  has 
been  found  very  low,  and  the  total  amount  of  solids  small  (being  in  one 
instance  only  119  pai'ts  in  1000);  but  the  fibrin  is  almost  invariably 
above  the  average,  having  in  one  instance  risen  to  7 '08.  The  total 
amoimt  of  Corpuscles  is  considerably  reduced,  having  ranged  in  six  ana- 
lyses between  49*7  and  101 '6,  the  average  having  been  82-36;  and  so 
large  a  proportion  of  the  whole  mass  was  in  some  instances  determined 
by  the  microscope  (no  means  being  at  present  known,  of  physically  sepa- 
rating these  two  orders  of  bodies)  to  be  of  the  colom-less  kind,  that  the 
amount  of  red  corpuscles  must  have  been  exceedingly  small.  The  pro- 
portion of  solids  in  the  serum  does  not  seem  to  undergo  any  decided 
alteration.  No  marked  change  in  the  condition  of  the  blood  could  be 
obsei-ved  during  the  progress  of  any  of  the  cases  which  were  under  obser- 
vation for  long  periods;  and  the  circumstances  under  which  the  com- 

*  "  Principles  of  Medicine,"  2nd  edit.  p.  115. 

t  See  his  successive  Papers  in  the  "  Ediub.  Monthly  Journal,"  for  1851. 
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ineiicement  of  this  morbid  peiTersion  occurs,  are  still  quite  unknown. 
When  the  colourless  corpuscles  are  present  in  very  large  amount,  they 
:ive  to  the  colom-less  coagula  found  in  the  heart  and  lai-ge  vessels  after 
leath,  a  dull  whitish  colour,  and  render  them  very  friable. 

176.  The  quantity  of  Albicmen  in  the  blood  seems  to  vary  less  than 
chat  of  most  of  its  other  constituents.  The  proportion  which  it  bears  to 
tlie  water  of  the  serum,  is  of  course  elevated  by  anything  which  dimi- 
!  nishes  the  latter;  and  thus  we  find  it  high  in  cholera  after  profuse  dis- 
cbarofes  of  fluid  from  the  intestinal  canal,  and  in  other  cases  in  which 
[here  has  been  an  unusual  drain  upon  the  liquid  part  of  the  blood, 
[)rovided  that  the  albumen  do  not  pass  off  with  it,  as  sometimes  haj)pens. 
^V'here  some  special  cause  is  in  operation,  which  favours  the  escape  of  the 
albumen  from  the  circulating  current  (as  happens  in  various  forms  of 
Albuminuria,  but  especially  in  the  advanced  stage  of  '  Bright's  disease '), 
the  amount  of  albumen  in  the  serum  is  reduced  below  the  normal 

taudard.  Thus  Dr.  Christison  found  the  entire  solids  of  the  serum 
to  be  reduced  in  some  instances  to  55  or  even  52  parts  in  1000,  his  esti- 
mate of  their  normal  amount  being  83-4  j  and  he  found  the  specific  gravity 
of  the  serum  to  fall  as  low  as  1020  or  even  1019,  the  normal  standard  being 
from  1029  to  1031.    According  to  Andi-al,  the  diminution  in  the  amoimt 

>f  Albumen  in  the  Serum  is  exactly  proportional  to  the  quantity  con- 
tained in  the  Urine.* — The  proportion  of  fattT/  matter  in  the  serum,  and 
especially  of  the  cholesterin,  has  been  found  by  MM.  Becquerel  and  Rodier 
to  undergo  an  increase  at  the  commencement  of  most  acute  diseases;  and 
they  have  also  observed  an  increase  of  fat,  and  especially  of  cholesterin, 
in  chronic  diseases  of  the  liver,  in  Bright's  disease  of  the  kidney,  and  in 
tuberculosis.  The  quantity  of  fat  in  the  blood  sometimes  undergoes  such 
an  augmentation,  as  to  give  to  the  serum  a  constant  '  milkiness.'  This 
has  been  observed  by  Marcet  in  a  case  of  diabetes,  by  Traill  in  hepatitis, 
l>y  Christison  in  dropsy,  icterus,  and  nephritis,  by  Zanarelli  in  pneumonia, 
and  by  Sion  in  mammary  abscess.  In  Dr.  Traill's  case,  the  whole  amount 
of  solid  matter  in  the  serum  was  211  parts  in  1000 ;  as  much  as  157  parts 

*  A  case  is  related  by  Andral,  under  this  head,  which  affords  an  interesting  exemplifica- 
tion of  the  general  facts  that  have  been  attained  by  his  investigations.  A  woman  who 
had  been  suffering  from  Erysipelas  of  the  face,  and  who  lost  blood  both  by  venesection  and 
by  leeches,  became  the  subject  of  Albuminuria.  The  blood  drawn  at  this  time  exhibited 
a  considerable  diminution  in  the  proportion  of  Corpuscles,  as  well  as  of  Albumen, — a  fact 
which  the  previous  loss  of  blood  fully  accounted  for.  After  a  short  period,  during  which  she 
bad  been  allowed  a  fuller  diet,  another  experimental  bleeding  exhibited  an  increase  in  the 
proportion  of  Corpuscles.  Some  time  afterwards,  when  the  Albumen  had  disappeared  from 
the  Urine,  some  more  blood  was  drawn ;  and  it  was  then  observed  that  the  Albumen  of  the 
Senim  had  returned  to  its  due  proportion,  but  that  the  Corpuscles  had  again  diminished, 
whilst  there  was  a  marked  increase  in  the  quantity  of  Fibrin.  This  alteration  was  fully 
accounted  for  by  the  fact,  that,  in  the  interval,  several  Lymphatic  ganglia  in  the  neck  had 
hoen  inflamed  and  had  suppurated  ;  and  that  the  patient  had  been  again  placed  on  very  low 

liet,  "  Thus,"  observes  Andral, "  we  were  enabled  to  give  a  complete  explanation  of  the  re- 
markable oscillations  which  were  presented,  in  the  proportion  of  the  different  elements  of  the 
blood  drawn  at  three  different  times  from  the  same  individual ;  and  thus  it  is  that,  the  more 

xtcnded  are  our  inquiries,  the  more  easy  does  it  become  to  refer  to  general  principles  the 
1  fiuses  of  all  those  changes  in  the  composition  of  the  blood,  which,  from  the  frequency  and 
rapidity  with  which  they  occur,  seem  at  first  sight  to  baffle  all  rules,  and  to  take  place,  as  it 
were,  at  random.  In  the  midst  of  this  apparent  disorder,  there  is  but  the  fulfilment  of  laws  ; 
and  in  order  to  obtain  these,  it  is  only  nccessjiry  to  strip  the  phenomena  of  their  complications', 
and  reduce  them  to  their  simplest  form." 
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being  albumen,  whilst  45  were  fat.  In  Zanarelli's  case,  the  blood  con- 
tained  so  small  a  proportion  of  red  corpuscles,  that  it  seemed  milky  when 
it  first  flowed ;  and  it  did  not  undergo  a  regular  coagulation,  but  merely 
separated  into  a  thicker  and  a  thinner  portion.  This  blood  only  contained 
95  parts  of  solid  constituents  in  1000;  and  10  parts  of  these  consisted  of 
fatty  matter,  and  9  parts  of  extractive  and  salines;  so  that  the  whole 
amount  of  fibrin,  corpuscles,  and  albumen  was  only  76  parts.  In  Dr. 
Sion's  case,  also,  the  blood  itself  was  quite  milky ;  it  underwent  no  coagu- 
lation; and  only  a  very  small  quantity  of  colouring  matter  was  deposited 
when  it  was  allowed  to  stand.  This  blood  was  found  by  Lecanu  to  contain 
206  parts  of  solid  constituents  in  1000;  but  of  these  no  less  than  117 
parts  were  fat,  the  remainder  consisting  of  albumen  (64  pai*ts),  and  of 
extractive  and  salines  (25  parts).  No  fibrin  could  be  found,  and  the 
quantity  of  hsemato-globulin  was  inappreciable.*  Such  a  fluid  must  be 
considered  rather  as  chyle  than  as  blood;  and,  in  the  entire  absence  of 
coagulating  power,  corresponds  rather  with  chyle  when  first  absorbed,  than 
with  that  which  is  usually  delivered  by  the  thoracic  duct  (chap.  viii.). — 
Little  is  known  with  certainty  regarding  the  variations  of  the  alkaline 
salts  in  the  blood  in  different  diseases.  The  analyses  which  have  been 
made,  however,  ai'e  considered  by  Prof  Lehmannf  to  indicate  that  in 
very  severe  inflammations  they  are  very  much  diminished ;  whUst  they 
are  much  increased  in  the  acute  exanthemata  and  in  tyj^hus,  in  dysentery, 
Bright's  disease,  and  all  forms  of  dropsy  and  hydi-ajmia;  and  are  often 
doubled  in  quantity  in  diseases  depending  upon  malarious  influences, 
such  as  endemic  dysentery,  malignant  forms  of  intermittent  fever,  &c. 
Although  a  large  quantity  of  saline  matter  usually  passes  off"  from  the 
blood  in  Cholera,  yet  the  proportion  of  water  disclaai^ged  is  so  much 
greater,  that,  as  appears  from  the  analyses  of  Dr.  Garrod,  the  per-centage 
of  salines  in  the  blood  is  rather  increased  than  diminished. ;{: 

177.  The  proportion  of  Watei'  in  the  blood  will  of  course  vary  recipro- 
cally with  that  of  the  solid  constituents ;  and  will  be  especially  augmented 
when  there  is  a  marked  diminution  in  the  amount  of  red  corpuscles. 
When  there  is  an  excessive  and  constant  drain  upon  it,  as  in  diabetes, 
there  is  at  the  same  time  such  a  craving  for  liquids,  as  causes  the  quan- 
tity ingested  to  supply  the  deficiency  occasioned  by  its  removal;  so  that 
the  mass  of  the  blood  is  not  thereby  diminished.  In  Cholera,  however, 
the  case  is  different ;  for  in  that  form  of  the  disease  attended  with  copious 
discharges,  the  redixction  in  the  liquid  constituent  of  the  blood  becomes 
very  marked,  however  large  may  be  the  quantity  of  water  ingested.  This 
is  remarkably  shown  by  the  analyses  of  Lecanu,§  who  found  the  propor- 
tion of  solid  constituents  in  some  instances  even  to  exceed  that  of  the 
water. 

Solid  constituents .  .  .  2.51  330  340  520 
Water      ....       749       670       660  480 

No  such  degree  of  reduction  has  been  observed  by  others;  still  the  geneml 
fact  is,  that  the  proportion  of  water  is  considerably  diminished. 

•  This  remarkable  ca8e*is  cited  in  Simon's  "  Animal  Chemistry,"  vol.  i.  p.  333,  from 
the  "  Lancette  Franqaise,"  1835,  No.  49. 

+  "  Lehrbuch  der  physiologischen  Chemie,"  band  ii.  p.  242. 
X  "  London  Journal  of  Medicine,"  May,  1849. 
§  "  Etudes  Chiniiqucs  sur  le  Sang,"  p.  106. 
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178.  That  the  Blood  is  subject  to  a  great  variety  of  other  morbid  altera- 
tions, which  are  sometimes  the  causes,  and  sometimes  the  results,  of 
nisease,  cannot  be  for  a  moment  doubted.  But  our  knowledge  of  the 
nature  of  these  changes  is  as  yet  very  insufficient.    The  great  amount  of 

ttention  which  is  being  directed  by  Chemical  Pathologists  to  the  subject, 
.lowever,  will  doubtless  ere  long  produce  some  important  results.- — Among 
the  most  frequent  causes  of  depravation  in  the  character  of  this  fluid,  we 
must  imdoubtedly  rank  the  retention,  in  the  Circulating  current,  of 
inatters  which  ought  to  be  removed  by  the  Excreting  processes.   We  shall 
liereafter  see,  that  a  total  interruption  to  the  excretion  of  Carbonic  Acid 
i)y  the  lung-s,  will  occasion  death  in  the  com-se  of  a  very  few  minutes; 
ind  even  when  only  a  slight  impediment  is  offered  it,  so  that  the  quantity 
C'f  carbonic  acid  always  contained  in  arterial  blood  is  augmented  to  but  a 
small  degree,  a  feeling  of  discomfort  and  oppression,  increasing  with  the 
:  duration  of  the  interruption,  is  speedily  produced.    The  results  of  the 
retention  of  the  materials  of  the  Biliary  and  Urinary  excretions  will  be 
iiereafter  considered  (chap,  xil);  and  at  present  it  will  be  only  remarked, 
that  such  retention  is  a  most  fertile  source  of  slight  disorders  of  the 
system,  that  it  is  largely  concerned  in  jDroducing  many  severe  diseases, 
md  that,  if  complete,  it  will  most  certainly  and  rapidly  bring  about  a  fatal 
j  result. — The  most  remarkable  cases  of  depravation  of  the  Blood,  by  the 
introduction  of  matters  from  without,  are  those  in  which  these  substances 
act  as  ferments,  exciting  such  Chemical  changes  in  the  constitution  of  the 
'  luid,  that  its  whole  character  is  speedily  changed,  and  its  vital  properties 
I .  u'e  altogether  destroyed.    Of  such  an  occurrence,  we  have  characteristic 
I  3xamples  in  the  severe  forms  of  Typhoid  fever,  commonly  termed  malig- 
!  mnt;  in  Plague,  Glanders,  Pustule  Maligne,  and  several  other  diseases; 
j ;  n  some  of  which  we  can  trace  the  direct  introduction  of  the  poison  into 
j :  ;he  blood,  whilst  in  others  we  must  infer  (from  the  similarity  of  result) 
I  chat  it  has  been  introduced  through  some  obscure  channel,  probably  the 
I  lUngs.    The  evidence  which  we  possess  of  the  '  intoxication'  of  the  Blood, 
I  in  these  and  other  cases,  derived  from  the  perversion  of  the  nutritive  ope- 
j  "ations  which  it  induces,  will  be  considered  in  the  next  Section. 

3.  Of  the  Vital  Properties  of  the  Blood,  and  its  Relations  to  the  Living 

Organism. 

1 79.  It  cannot  be  doubted  that  the  perfect  and  regular  performance  of 
-lie  various  actions  to  which  the  Blood  is  subservient,  is  dependent  upon  the 
idmixture  of  its  principal  components  in  their  due  proportions,  and  upon 
t:s  freedom  from  deleterious  matters,  whether  formed  within  the  system, 

introduced  into  the  circulating  current  from  without.  And  it  is  not 
lifficult  to  see  how  any  considerable  alteration  which  affects  its  physical 
conditions  merely,  may  thereby  produce  a  most  serious  disturbance  in  the 
regularity  of  the  circulation,  and  in  the  functions  to  which  it  ministers, 
rhus  it  has  been  shown  by  the  experiments  of  Poisseuille,  that  a  certain 
legree  of  viscidity  is  favourable  to  the  motion  of  liquids  through  capillary 
tubes;  a  thin  solution  of  sugar  or  gum  being  found  to  traverse  them 
more  readily  than  pure  water  will  do.  Hence  any  serious  alteration  in 
the  proportion  of  the  organic  and  saline  compounds  dissolved  in  the 
liquor  sanguinis,  and  especially  in  that  of  the  fibrin  (on  which  the 
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viscidity  of  the  blood  appears  chiefly  to  depend),  might  be  expected  to 
produce  obstruction  in  the  ca]:)illary  circulation,  and  to  favom-  transuda- 
tion of  the  fluid  portion  of  the  blood ;  and  the  numerous  experiments  of 
Magendie*  seem  to  favour  this  view,  although  they  are  far  from  manifest- 
ing that  character  for  accuracy  and  discrimination,  which  would  be 
required  to  afford  an  authoritative  sanction  to  it.  A  much  more  determi- 
nate influence,  however,  must  be  exerted  upon  the  red  corpuscles,  by  any 
cause  which  seriously  affects  the  specific  gravity  of  the  liquor  sanguinis 
(§  139);  and  the  perfect  elaboration  of  the  albuminous  constituent  of  the 
serum  has  been  shown  to  be  requisite,  to  prevent  it  from  copiously  trans- 
uding the  membranous  walls  of  the  vessels  which  it  traverses  (§  167).— 
These  and  other  j)hysical  and  chemical  relations  of  the  Blood,  however, 
are  quite  subordinate  to  its  Vital  reactions ;  and  it  is  into  them  that  we 
have  now  to  inquu'e. 

180.  There  are  only  two  constituents  of  the  circulating  Blood,  which 
can  be  considered  as  being  themselves  endowed  with  vital  properties ;  these 
are,  the  Fibi'in  and  the  Corpuscles.  The  remainder  of  its  components 
can  scarcely  be  looked  upon  in  any  other  light  than  as  chemical  com- 
pounds, which  are  to  be  rendered  subservient  to  the  nutritive  and  other 
operations  of  the  living  tissues  in  virtue  of  their  vitality,  or  which  have 
already  discharged  their  duty  in  the  system.  To  attribute  vital  properties 
to  a  substance  which,  like  Fibrin,  is  usually  in  a  state  of  solution,  has 
been  considered  by  some  Physiologists  as  an  absurdity ;  but  there  seems 
no  adequate  reason  why  liquids,  as  well  as  solids,  should  not  possess  vital 
attributes ;  t  and  it  has  been  already  shown,  tliat  the  power  exhibited  by 
fibrin,  of  spontaneously  passing  (under  certain  conditions)  into  an  organ- 
ized texture,  however  low  its  type,  cannot  be  legitimately  considered  in 
any  other  light  than  as  a  vital  endowment  (§§  26-29).  That  the  Cor- 
puscles, howevei',  both  Red  and  Colourless,  are  living  cells,  and  that,  like 
other  cells,  they  possess  vital  endowments  peculiar  to  themselves,  is  not 
now  questioned  by  any  one;  and  their  separate  history  forms  no  unim- 
portant element  in  the  general  '  Life  of  the  Blood,'  whilst  it  can  scarcely 
be  doubted,  from  the  facts  already  stated,  that  it  has  a  most  important 
relation  to  the  Life  of  the  body  generally. — Before  proceeding,  however, 
to  inquire  into  the  natiu-e  of  this  relation,  our  attention  may  be  advanta- 
geously directed  to  that  remarkable  change  in  the  state  of  the  blood  when 
withdrawTi  from  the  vessels  of  the  living  body,  which  is  commonly  known 
as  its  '  coagulation.'  This  term,  howevei',  as  applied  to  the  blood  en  masse, 
is  quite  inappropriate;  since,  as  we  shall  presently  see,  the  coagulatiou 
essentially  consists  in  the  passage  of  the  fibrin  alone  from  the  soluble  to 
the  solidified  state;  and  this  component  scarcely  forms  more  than  one 
hundredth  part  of  the  whole  solid  matter  of  the  circulating  fluid.  All 

*  "  Lefons  sur  les  Ph^nomenes  Physiques  de  la  Vie." 

+  If,  as  the  recent  observations  of  Mr.  Newport  ("  Phil.  Trans."  1 851,  p.  241)  appear  to 
show,  the  spermatozoa  in  contact  with  the  ovum  undergo  "  diffluence"  preparatory  to  the 
exertion  of  their  fertilizing  power,  we  have  a  most  remarkable  example  of  the  possession,  by 
a  liquid,  of  endowments  which  must  be  considered  as  more  purely  vital  than  those  of  tbe 
spermatozoa  themselves  ;  for  the  latter,  so  long  as  they  retain  their  organic  form,  manifest 
their  vitality  in  no  other  way  than  by  the  performance  of  rhythmical  movements.  It  , 
seem,  in  fact,  as  if  the  fertilizing  material,  prepared  by  the  agency  of  the  semina,l  cells,  na 
been  temporarily  cast  into  the  solid  form,  for  the  sake  of  enabling  it  to  find  its  way,  by 
spontaneous  movement,  to  the  ovum  it  is  destined  to  impregnate. 
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'  phenomena  attendant  upon  this  process,  and  the  conditions  by  which 
is  influenced,  have  been  made  the  subject  of  very  carefvd  study,  both 
\  Chemists  and  Physiologists ;  but  it  must  be  admitted  that  they  throw 
L  iy  little  light  upon  the  vital  relations  of  the  Blood  to  the  Organism  at 
vre,  these  being  only  sustained  whilst  it  is  circulating  in  a  fluid  state, 
111  being  interfered  with  by  anything  that  favours  its  passage  into  the 
>vm  which  it  assumes  when  withdrawn  from  the  body. 
181.  The  Coagulation  of  the  Blood,  then,  consists  in  the  new  arrange- 
iitofits  constituents,  which  takes  place  when  it  is  drawn  from  the 
.  ssels  and  is  left  to  itself,  or  when  the  body  itself  dies  (§  138).  This 
L'w  aiTangement  essentially  depends  upon  the  passage  of  the  Fibrin  from 
le  soluble  to  the  insoluble  state,  in  which  it  forms,  not  an  amorphous 
lagulum,  but  a  network  of  fibres  more  or  less  definitely  marked  out 
:^  26-28);  in  the  meshes  of  which  network  are  included  the  Red  cor- 
"scles,  usually  grouped  together  in  columnar  masses,  resembling  piles  of 
'uey.     The  Crassamentum  or  Clot  thus  formed,  becomes  dense,  in 
iportion  to  the  amount  of  Fibrin  which  it  contains,  and  to  the  degree 
its  elaboration;  and  it  undergoes  a  gradual  contraction,  by  which  the 
Ibuminous,  Saline,  and  Extractive  matters,  still  dissolved  in  the  water, 
e  more  or  less  completely  expelled  from  it,  constituting  the  Serum. 
l\is  separation  will  not  occur,  however,  if  the  coagulation  take  place  in  a 
lallow  vessel ;  nor  if  the  amount  of  Fibrin  should  be  small,  or  its  vitality 
A-.    A  homogeneous  mass,  deficient  in  firmness,  presents  itself  under 
•h  circumstances;  though  the  solid  part  of  this  may  pass  into  a  state 
"  more  complete  condensation,  after  the  lapse  of  a  certain  time. — That 
le  coagulation  is  due  to  the  Fibrin,  and  that  the  Corpuscles  do  not  take 
ly  active  share  in  the  process,  appears  from  several  considerations.*  A 
icroscopical  examination  of  the  Clot  shows,  that  it  has  the  same  texture 
ill  Fibrin  when  coagulating  by  itself;  the  Corpuscles  clustering  together 
c  the  interspaces  of  the  network,  and  not  being  uniformly  diffiised 
1  rough  the  whole  mass.    Their  specific  gravity  being  greater  than  that 
the  Fibrin,  they  are  usually  most  abundant  at  the  lower  part  of  the 
>t ;  and  the  upper  surface  is  sometimes  nearly  colourless,  especially 
hen  the  coagulation  has  taken  place  slowly;  yet  this  upper  part  is  much 
iiier  than  the  under,  showing  that  the  Fibrin  alone  is  the  consolidating 
■ut.    If,  after  the  complete  subsidence  of  the  Corpuscles,  a  little  of  the 
lourless  Liquor  Sanguinis  be  skimmed  off,  it  will  undergo  complete 
igulation,  forming  a  colourless  clot;  as  was  long  ago  shown  by  Hewson. 
'le  same  fact  may  be  experimentally  demonstrated  by  the  use  of  methods 
liich  effect  an  artificial  separation  of  the  Fibrin  from  the  Corpuscles, 
lius  Miiller  placed  the  blood  of  a  Frog,  diluted  with  water  (or  still 
■tter,  with  a  very  thin  syrup)  on  a  paper  filter,  of  sufficiently  fine  texture 
'  keep  back  the  Corpuscles;  and  the  Liquor  Sanguinis,  having  passed 
1  rough  the  filter  completely  unmixed  with  them,  presented  a  distinct 
'iigulum,  although,  from  the  diluted  state  of  the  fluid,  this  did  not 
'ssess  much  consistency.    Owing  to  the  more  minute  size  of  the  Blood- 
It  is  remarkable  that  this  doctrine,  clearly  established  by  the  older  Physiologists,  and 
pccially  by  Hewson,  should  ever  have  been  put  aside,  even  temporarily,  for  the  untenable 
pothesis  that  the  coagulation  of  the  blood  is  due  to  a  running- together  of  its  red  corpuscles. 
T  an  admirable  summary  of  the  history  of  opinion  on  this  subject,  see  Mr.  Gulliver's  Intro- 
ii^ion  to  his  Edition  of  Hewson's  works  (published  by  the  Sydenham  Society). 
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discs  of  warm-blooded  animals,  this  experiment  cannot  be  so  readily 
performed  with  their  blood.  So,  again,  if  fi-esh-drawn  blood  be  continu- 
ally stirred  with  a  stick,  the  Fibi-in  will  adhere  to  it  in  strings  during  itg 
coagulation ;  and  the  Red  corpuscles  will  be  left  suspended  in  the  serum 
without  the  slightest  tendency  to  coagulate.  Moreover,  if  a  solution  of 
any  salt,  that  has  the  property  of  retarding  the  coagulation  (such  as 
carbonate  of  potash  or  sulphate  of  soda),  be  added  to  the  blood,  the  Cor- 
puscles will  have  time  to  sink  to  the  lower  stratum  of  the  fluid,  before  the 
clot  is  formed;  the  greater  part  of  the  crassamentum  is  then  entirely 
colourless,  and  is  found  by  the  microscope  to  contain  few  or  no  red 
particles.  It  will  be  presently  shown,  however,  that  the  diflereuce  of 
specific  gravity  is  by  no  means  the  only  cause  of  the  sepai'ation  of  the 
Corpuscles  from  the  Liquor  Sanguinis  (§  1 89). 

182.  That  the  Coagulation  of  the  Blood  is  not,  as  some  have  supposed, 
a  proof  of  its  death,  but  is  rather  an  act  of  vitality,  appears  evident  from 
what  has  been  already  stated  (§  27)  of  the  incipient  organization  which 
may  be  detected  even  in  an  ordinary  clot;  and  still  more  from  the  fact 
that,  if  the  effusion  of  Fibrin  take  place  upon  a  living  surface,  its  coagu- 
lation is  the  first  act  of  its  conversion  into  solid  tissues  which  become 
constituents  of  the  living  fabric.  It  is  absm-d  to  suppose  that  the  Blood 
dies,  in  order  to  assume  a  higher  form.  A  complete  demonstration  of 
the  truth  of  the  Hunterian  doctrine,  that  the  Blood  might  become 
organized,  like  plastic  exudations  of  "  coagulable  lymph,"  has  been  af- 
forded by  the  researches  of  Dr.  Zwicky,*  on  the  changes  occurring  m 
the  clots  of  blood  which  form  in  blood-vessels,  above  the  points  where 
they  have  been  tied.  He  has  traced  the  successive  stages  of  the  meta- 
morphosis of  the  coagulum  into  fibro-cellular  tissue,  and  the  formation  of 
vessels  in  its  substance ;  the  whole  process  taking  place  exactly  as  in  an 
inflammatory  exudation,  and  the  blood-corpuscles  exerting  no  other 
influence  upon  it,  than  that  of  slightly  retai'ding  it.  Similar  obsem- 
tions  have  been  made  by  Mr.  Paget. t 

183.  Instances  occasionally  present  themselves,  in  which  the  Blood 
does  not  coagulate  after  death,  or  coagulates  very  imperfectly.  It  was 
affirmed  by  Hunter  J  that  no  coagulation  occurs  in  the  blood  of 
animals  himted  to  death,  or  of  those  killed  by  lightning,  by  electric 
shocks,  or  by  blows  upon  the  epigastrium ;  and  this  statement  has  been 
generally  received  upon  his  authority.  It  is  far,  however,  from  being 
constantly  true ;  for  Mr.  Gulliver  has  collected  numerous  cases  in  whicli 
coagulation  was  found  to  have  taken  place  in  the  blood  of  animals  killed 
in  each  of  these  modes;  in  some  of  them,  however,  the  coagulation  was 
very  imperfect.  §  It  is  not  improbable  that  some  of  the  instances  of 
apparent  absence  of  coagTdation,  were  really  cases  of  retarded  coagulation 
(§  184);  and  Dr.  PoUi  goes  so  far  as  to  maintain  that  the  complete 
absence  of  coagulating  power  is  a  phenomenon  which  has  no  real  exist- 
ence.   He  states  that  he  has  never  met  with  an  instance  in  which  the 

*  "  Ueber  die  Thrombus;  "  Zurich,  1846. 

+  See  his  '  Lectures  on  the  Processes  of  Repair  and  Reproduction,'  in  the  "  Medical 
Gazette"  for  1849,  vol.  xliii.  p.  1066. 

X  "  The  Works  of  .John  Hunter,"  edited  by  James  F.  Palmer,  vol. 

iii.  pp.  34.  114. 

§  See"Edinb.  Med.  and  Surg.  Journ."  Oct.  1848,  pp.  367,  418;  and  his  Edition  ot 
"  Hewson's  Works,"  pp.  20,  21. 
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iloodj  wheii  left  to  itself,  and  duly  protected  from  external  destructive 
ifluences,  did  not  coagulate  before  becoming  putrid;  and  that  he  has 
lore  than  once  found  blood  to  coagidate,  which  had  been  taken  in  a 
uid  state  from  the  vessels  tliirty-six  or  forty-eight  hours  after  death.* 
till  there  seems  no  reasonable  doubt  that  non-coagulation  may  occur, 
'hen  the  blood  has  been  previously  subjected  to  conditions  v^^hich  aflFect 
,ie  vitality  of  its  fibrin.    Such  is  often  the  case,  for  example,  when 
eath  occurs  from  Asphyxia,  as  by  hanging,  drowning,  or  breathing  of 
nrespirable  gases  jt  and  the  same  has  been  observed  in  cases  of  poisoning 
y  hydrocyanic  acid,  in  which  asphyxia  seemed  to  have  been  the  imme- 
lijate  cause  of  death.    In  certain  diseased  states,  again,  we  have  seen  that 
tie  coagulating  power  seems  to  be  completely  deficient  (§  173). 

184.  The  length  of  time  which  elapses  before  Coagulation,  and  the 
jgree  in  which  the  clot  solidifies,  vary  considerably;  in  general,  they 
i  -e  in  the  inverse  proportion  to  each  other.    Thus,  if  a  large  quantity  of 
cod  be  withdi'awn  from  the  vessels  of  an  animal  at  the  same  time,  or 
ithiu  short  intervals,  the  portions  that  last  flow  coagulate  much  more 
pidly,  but  much  less  firmly,  than  those  first  obtained.    In  blood  drawn 
u-ing  Inflammatory  states,  again,  the  coagulation  is  usually  slow,  but 
e  clot  is  preternaturally  firm ;  especially  at  its  uj)per  part,  where  the 
iffy  coat  (§  189)  or  colourless  stratum  of  fibrin,  gradually  contracts, 
'd  produces  the  cup,  which  may  be  generally  considered  to  indicate  a  high 
:ree  of  Inflammation.    Although  the  Blood  withdrawn  firom  the  body 
agulates  (except  under  the  peculiar  circumstances  just  stated)  whether 
be  kept  at  rest  or  in  motion,  whether  its  temperature  be  high  or  low, 
•A  whether  it  be  excluded  from  the  air,  or  be  admitted  to  free  contact 
th  the  atmosphere,  yet  its  coagulation  may  be  accelerated  or  retarded 
■  variation  in  these  conditions. — If  the  blood  be  continually  agitated 
a  bottle,  its  coag-ulation  is  delayed,  though  it  will  at  last  take  place  in 
reds  or  insulated  portions;  but  that  rest  is  not  the  cause  of  its  coagu- 
:ion  (as  some  have  supposed),  is  proved  by  the  fact  that,  if  a  portion  of 
:  ood  be  included  between  two  ligatures  in  a  living  vessel,  it  will  remain 
lid  for  a  considerable  time ;%  as  it  also  will  when  effused  into  the  midst 
living  tissues,  or  kept  in  a  state  of  stagnation  in  parts  affected  with 
llammation.    Thus  Mr.  Gulliver,  besides  other  instances,  mentions  a 
inarkable  case  witnessed  by  himself,  in  which  a  collection  of  blood 
iich  had  been  effused  in  consequence  of  a  bruise  on  the  loins,  was 
md  uncoagulated  when  let  out  twenty-eight  days  afterwards;  it  mea- 
I'ed  five  ounces,  was  as  liquid  as  blood  just  drawn  from  a  vein,  and 
owed  the  normal  characters  when  examined  microscopically;  and  it 
agulated  in  a  cup  in  less  than  thirty  minutes  (Op.  cit.  p.  17).  And 
''•  Paget  mentions  that  he  has  known  the  blood  remain  fluid  in  the 
ssels  of  an  inflamed  part,  though  in  a  state  of  complete  stagnation, 

'  ''•  Annali  Universali,"  1845  ;  .md  Ranking's  Abstract,"  vol.  ii.  p.  337. 
I"  See  Dr.  J.  Davy's  "  Physiological  and  Anatomical  Researches,"  vol.  ii.  p.  192. 
^  The  testimony  of  all  experimenters  is  in  accordance  on  tliis  point,  although  they  differ 
to  the  length  of  time  that  elapses  before  coagulation  commences.  Mr.  Gulliver  states  that 
of  many  trials  m.ide  by  him,  the  coagulation  commenced  within  two  hours  in  only  a 
'  instances  ;  more  commonly,  three,  four,  or  five  hours  elapsed  before  any  clot  was  formed; 
1  in  one  instance  the  coagulation  was  incomplete  at  the  end  of  twenty-four  hours.  In  all 
experiments,  the  blood  coagulated  in  the  course  of  a  few  minutes,  when  withdrawn 
111  the  living  vessel.    See  Mr.  Gulliver's  edition  of"  Hcwson's  Works," p.  23. 
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for  as  long  as  three  days.* — Again,  the  coagnlation  is  accelerated  hy 
moderate  wai-mth,  the  natural  heat  of  the  body  from  which  the  blood  is 
taken  appearing  to  be  most  favourable  to  it;  but  the  coagiilating  power 
appears  to  be  destroyed  by  a  temperature  of  about  150°,  blood  heated  to 
that  point  remaining  permanently  fluid.  (Gulliver,  Op.  cit.  pp.  4,  6.)  On 
the  other  hand,  the  coagulation  is  retarded  by  cold;  but  the  coagulating 
power  is  not  destroyed  even  by  extreme  cold;  for  if  blood  be  frozen 
immediately  that  it  is  di'awn,  it  will  coagulate  on  being  thawed. — More- 
over it  is  accelerated  by  exposure  to  air,  l)ut  it  is  not  prevented  by  com- 
plete exclusion  from  it,  as  is  proved  by  its  talcing  place  in  a  vacuum,  or  in 
a  shut  sac  within  the  dead  body :  complete  exclusion  from  the  air,  how- 
ever, retards  the  change;  as  has  been  shown  by  causing  blood  to  flow 
into  a  vessel  containing  oil,  which  will  form  an  impervious  coating  on  its 
siu-face,  and  will  occasion  the  coagulation  to  take  place  so  slowly,  that 
the  red  particles  have  time  to  subside,  and  the  upper  stratum  of  the  clot 
is  colourless. t — The  effect  of  the  addition  of  strong  solutions  of  neutral 
salts  to  fresh  blood,  is  usually  to  retard,  and  sometimes  even  to  prevent, 
its  coagulation;  and  the  same  efiect  is  produced  by  many  vegetable 
substances,  particularly  those  of  the  naa-cotic  and  sedative  class,  such  as 
opium,  belladonna,  aconite,  hyoscyamus,  digitalis,  and  tea  or  coffee  in  strong 
infusion.  J  The  action  of  most  of  the  substances,  however,  which  preserve 
the  fluidity  of  the  blood,  only  continues  dm'ing  such  time  as  their  solu- 
tions retain  a  certain  strength ;  for  if  they  be  diluted,  coagulation  will  then 
take  place,  although  in  most  cases  less  perfectly  than  it  would  have  done 
at  first.  There  appears  to  be  no  limit  to  the  time  diuring  which  the  coagu- 
lation may  bo  thus  postponed;  thus  Mr.  Gulliver  §  mentions  that  he  has 
kept  horse's  blood  fluid  with  nitre  for  fifty-seven  weeks,  and  that  it  still 
readil}'-  coagulated  when  diluted  with  water  (Op.  cit.  p.  12). — It  is  not 
so  difficult,  therefore,  as  it  might  otherwise  seem,  to  give  credit  to  the 
statement  of  Dr.  Polli,  that,  in  a  case  witnessed  by  himself,  complete 
coagulation  of  the  blood  did  not  take  place  until  fifteen  days  after  it  had 
been  withdrawn  from  the  body;  and  that  fifteen  days  more  elapsed, 
before  putrefaction  commenced  in  it.  The  upper  four-fifths  of  the  clot 
were  colourless,  the  red  corpuscles  occupying  only  the  lowest  fifth.  It  is 
additionally  remai'kable,  that  the  patient  (who  was  suffering  under  acute 
pneumonia),  being  bled  very  frequently  diu'ing  the  succeeding  week,  the 
blood  gradually  lost  its  indisposition  to  coagulate.  || 

"  '  Lectures  on  Inflammation,'  in  "  Medical  Gazette,"  1850,  vol.  xlv.  p.  971. 
+  Dr.  Babington  in  "  Medico-Chirurgical  Transactions,"  vol.  xvi. 

J  See  Dr.  J.  Davy's  "Anatomical  and  Physiological  Researches,"  vol.  ii.  pp.  101,  102; 
and  Mr.  Prater's  "  Experimental  Inquiries  in  Chemical  Physiology,"  pp.  59,  63,  &c.  A 
copious  table  of  the  results  of  their  experiments  is  given  in  Mr.  Ancell's  'Lectures  on  the 
Physiology  and  Pathology  of  the  Blood,'  in  the  "  Lancet"  for  Dec.  21,  1839. 

§  Mr.  Gulliver  considers  this  fact,  together  with  the  occurrence  of  coagulation  on  the 
thawing  of  blood  which  has  been  frozen  whilst  yet  fluid,  as  conclusive  against  the  vital  cha- 
racter of  the  act ;  remarking  that  if  we  believe  the  coagulation  to  be  an  effect  of  life,_we 
must  admit  that  we  can  freeze  and  pickle  the  life  (Op.  cit.  p.  21 ).  No  such  admission, 
however,  is  necessary.  We  do  not  freeze  and  pickle  the  life  ;  but  we  simply  preserve  the 
vital  properties  of  the  substance  by  preventing  it  from  undergoing  spontaneous  change  ;  tni^ 
doing  the  same  for  the  blood,  as  may  be  done  for  seeds,  eggs,  and  even  highly  organiW' 
bodies,  which  may  be  kept  in  a  state  of  '  dormant  vitality'  for  unlimited  periods,  by  cooling 
or  drying  them,  or  by  secluding  them  from  the  atmosphere.  (See  "  Princ.  of  Phys.,  Oen. 
and  Comp.,"  chap,  hi..  Sect.  4.)  ,  . 

II  "Gazetta  Medica  di  Milano,"  Genn.  20,  1844;  cited  in  Mr.  Paget's  'Report  m 
"  Brit,  and  For.  Mod.  Rev."  vol.  xix.  p.  252. 
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185.  It  has  been  maintained  by  some  observers,  that  a  certain  amount 
•  I"  heat  is  liberated  during  coagulation ;  but  this  idea  would  seem  to  have 
oen  founded  on  a  fancied  analogy  between  coagulation  and  freezing; 
ud  it  is  negatived  by  the  careful  observations  of  Hunter,  Schroeder  Van 
■er  Kolk,  J.  Davy,  and  Denis. — Again,  it  has  been  asserted  that  the  act 
•f  coagulation  is  attended  by  the  extrication  of  a  small  quantity  of 
arbonic  acid;  but  there  is  no  sufficient  proof  that  blood  in  coagulating 
ives  out  more  carbonic  acid  than  it  ordinarily  does  by  exposure  to  the 
ir  (§  163).  Moreover,  it  has  been  shown  by  the  experiments  of  Sir 
1.  Davy  *  and  Dr.  J.  Davy,t  that  no  effect  is  produced,  either  in  accele- 
ating  or  retarding  coagulation,  by  placing  blood  in  an  atmosphere  of 
itrogen,  nitrous  gas,  nitrous  oxide,  or  carbonic  acid;  and  it  has  been 

I  and  that  coagulation  still  takes  place,  even  if  the  blood  be  agitated  with 
arbonic  acid. 

186.  The  vital  condition  of  the  walls  of  the  blood-vessels  appears  to 
ave  an  important  influence  upon  the  fluidity  of  the  blood.    Thus  it  has 

on  found  by  Sir  A.  Cooper  and  Mr.  Thackrah,  that  whilst  blood  in- 
li>sed  in  a  living  vein  retained  its  fluidity  for  some  time,  blood  similarly 
uclosed  in  a  dead  vein,  the  atmosphere  being  completely  excluded, 
•agulated  in  a  quarter  of  an  hour.  Moreover,  inflammation  of  the  walls 
f  the  blood-vessels  (which  is  a  condition  of  depressed  vitality,  chap.  xi. 
•:cT.  3)  promotes  the  coagulation  of  the  blood  which  they  contain ;  and 

lis  it  is,  that  the  trunks  both  of  arteries  and  veins  frequently  become 
ioked  up  by  coagula.;}:    Moreover,  although  there  can  be  no  doubt  that 

large  proportion  of  the  loose  fibrinous  masses  found  in  the  heart  and 
irge  vessels  after  death  are  the  result  of  post-mortem  coagulation,  yet 
lere  is  adequate  evidence,  derived  from  the  symptoms  observed  during 
te,  and  from  the  appearances  presented  by  the  coagula  themselves,  that 
le  coagulation  has  commenced  during  life;  angl  in  all  cases  of  this  kind, 
I  ere  has  been  a  marked  depression  of  vital  power  for  some  time  pre- 
lous  to  the  final  extinction  of  life.    Again,  it  was  found  by  Schroeder 

m  der  Kolk,§  that  if  the  substance  of  the  brain  and  spinal  marrow  be 
)  oken  down,  coagulation  of  the  blood  takes  place  whilst  it  is  still 
:oving  within  the  vessels;  clots  being  found  in  them,  even  within  a  few 
linutes  after  the  operation.    Further,  that  the  contact  of  a  dead  sub- 

•  "Researches  on  Nitrous  Oxide,"  pp.  3R0-1. 

t  "  Anatomical  .and  Physiological  Researclies,"  vol.  ii.  p.  71. 

t  It  was  observed  by  Hunter,  and  lias  been  frequently  noticed  since,  that  when  amputation 
performed  on  account  of  spontaneous  gangrene  of  the  lower  extremities,  there  is  no  jet  of 
'id  from  the  divided  arterial  trunk,  which  is  obstructed  by  coingulum  far  above  the  line  to 

liich  the  gangrene  has  extended ;  and  there  is  good  reason  to  regard  the  gangrene  as,  in 
I'se  cases,  the  result  of  a  previous  arteritis,  which  has  thus  put  a  stop  to  the  circulation 

irough  the  limb.    (For  evidence  in  support  of  this  doctrine,  see  the  "  Essai  sur  les  Gan- 

•  nes  spontanees"  of  M.  Francois,  Paris,  18;52.)    The  author,  whilst  a  pupil  at  the  Mid- 
sex  Hospital  in  18.35,  witnessed  a  remarkable  case  of  Phlebitis  (apparently  brought  on  by 

ippressed  menstruation),  in  which  both  femoral  veins  were  successively  affected,  and  in 
liich  death  took  place  suddenly  when  the  patient  appeared  to  be  recovering  from  the  attack; 

•  post-mortem  examination,  not  only  the  iliac  trunks,  but  also  the  vena  cava,  for  some 
-tance  above  their  junction,  were  found  to  be  completely  obstructed  by  nearly  colourless 
I'^iila  adherent  to  their  walls ;  so  that  the  wonder  was,  how  any  return  of  blood  could 
vo  taken  place  from  the  pelvis  and  lower  extremities.  There  seemed  no  reason  to  attri- 
le  the  formation  of  these  coagula  to  the  introduction  of  pus  into  the  venous  circulation. 

"Comment,  dc  Sanguinis  Coagulatione,"  Groeningen,  1820. 
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stance  promotes  coagulation,  even  in  the  living  and  actively  moving 
blood,  is  shown  by  the  experimeuts  of  Mr.  Simon,  who  carried  a  single 
thread  (by  means  of  a  very  fine  needle)  transversely  through  an  adjacent 
arteiy  and  vein  of  a  dog,  and  left  it  there,  so  that  it  might  cut  the 
stream,  for  a  period  of  from  twelve  to  twenty-four  hoiu-s;  the  conse- 
quence of  which  was,  that  a  coagulum  was  formed  upon  the  thread,  more 
or  less  completely  obstructing  the  vessel.  There  was,  however,  a  marked 
difference  in  the  coagula  formed  within  the  arteiy  and  the  vein  respec- 
tively, which  may  be  attributed  to  the  difference  in  the  quality  of  the 
fibrin  in  the  blood  of  the  two  vessels  (§  164),  or  to  the  difference  in  the  rate 
of  its  motion,  or  to  both  causes  conjointly;  for  the  thread  which  traversed 
the  artery  usually  presented  a  'vegetation'  on  its  surface,  sometimes  as 
large  as  a  grain  of  wheat,  always  of  a  pyramidal  shape,  with  its  base 
attached  to  the  thread,  and  its  apex  down-stream ;  whilst  the  venous  coa- 
g-ulum  was  a  voluminous  black  clot,  chiefly  collected  on  that  side  of  the 
thread  remotest  from  the  heart.* 

187.  Again,  the  contact  of  dead  animal  matter  with  the  blood  appears 
to  promote  the  coagulation  of  its  fibrin  in  a  very  remai'kable  degree ; 
occasioning  coagula  to  form  whilst  it  is  yet  actively  moving  in  the  vessels 
of  the  living  body.  Thus  M.  Dupuy  found  that  the  injection  of  cerebral 
substance  into  the  veins  of  an  animal,  occasioned  its  death  almost  as  in- 
stantaneously as  if  prussic  acid  had  been  administered;  the  circulation 
being  rapidly  brought  to  a  stand  by  the  formation  of  voluminous  clots  in 
the  heart  and  large  vessels.  These  experiments  were  repeated  and  con- 
firmed by  M.  de  Blainville.+ — The  same  effect  is  produced  with  still  more 
potency,  when  the  substance  injected  is  rather  undergoing  degradation, 
than  actually  dead ;  for  it  then  seems  to  act  somewhat  after  the  manner 
of  a  ferment,  producing  a  marked  diminution  in  the  vitality  of  the  solids 
and  fluids  with  which  it  may  be  brought  in  contact.  Such  is  pre-emi- 
nently the  case  with  p^is,  as  was  long  since  observed  by  Hunter,  and  as 
Mr.  H.  Lee  has  lately  determined  more  precisely.  It  was  found  by  the 
latter,  that  healthy  blood  received  into  a  cup  containing  some  offensive 
pus,  coagulated  in  tivo  minutes ;  whilst  another  sample  of  the  same  blood, 
received  into  a  clean  vessel  of  similar  size  and  shape,  required  fifteen 
minutes  for  its  complete  coagulation.  When  he  injected  putrid  pus  into 
the  jugular  vein  of  a  living  ass,  coagulation  took  place  so  instantaneously 
as  to  produce  an  immediate  obstruction  to  the  current  of  blood,  so  that 
the  vessel  at  once  acquired  a  cord-like  character;  and  in  this  mode  the 

"  '■■  Lectures  on  General  Pathology,"  p.  56.  Mr.  Simon  applies  this  fact  to  the  explana- 
tion of  the  '  vegetations  '  which  so  commonly  present  themselves  upon  the  valves  of  the 
heart,  in  cases  of  rheumatic  endocarditis;  maintaining  that  they  are  simple  deposits  from  the 
fibrin  of  the  blood,  which  is  unusually  abundant  in  this  condition.  This  doctrine  can  only  be 
substantiated,  however,  by  a  careful  microscopic  examination  of  these  substances;  and  it 
they  should  be  proved  to  have  the  simple  constitution  which  Mr.  Simon  imputes  to  them, 
the  fact  will  in  no  degree  set  aside  (as  he  seems  to  consider  it  unist  do)  the  existence  oi 
endocardial  inflammation,  but  will  rather  confirm  it,  since  the  deposition  of  fibrin  on  those 
particular  spots  is  likely  to  be  specially  determined  by  inflammation  of  the  subjacent  mem- 
brane. 

t  "  Gazette  M^dicalo,"  1834,  p.  521.  There  is  no  reason  to  suppose  that  cerebral  substance 
possesses  a  more  special  influence,  than  would  be  exerted  by  any  other  tissue  which  could  be 
as  easily  mixed  up  with  the  circulating  current.  It  will  be  remembered  that  the  presence  ot 
a  piece  of  flesh,  or  of  the  clot  of  blood,  determines  the  coagulation  of  fibrin  in  a  solution  from 
which  it  would  not  otherwise  have  separated  2C). 
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pus  was  usually  prevented  from  finding  its  way  into  the  general  current 
of  tlic  circulation.  Whilst  it  thus  remains  circumscribed  by  a  coagulum 
of  blood,  the  pus  so  introduced  seems  to  produce  no  other  constitutional 
disturbance  than  is  attributable  to  the  local  injury ;  but  if  the  circum- 
scription should  be  incomplete,  and  the  pus  should  be  cai-ried  into  the 
_eneral  circulation,  it  becomes  a  som-ce  of  extensive  mischief,  determining 
the  formation  of  abscesses  in  various  parts,  and  producing  a  most  depress- 
ing influence  on  the  system  at  large.*  —  The  effect  of  certain  animal 
])oisons  of  a  still  more  potent  nature,  when  introduced  into  the  current  of 
the  circulation  (as  by  the  bite  of  venomous  serpents),  appears  to  be,  like 
that  of  a  high  temperature,  the  entire  destruction  of  the  coagulating  power 
oi  the  blood,  as  well  as  of  the  vital  endowments  of  the  tissues  generally 
(§  115). 

188.  The  proportions  of  Serum  and  Clot  which  present  themselves  after 
L-oagulation,  are  liable  to  great  variation,  independently  of  the  amount  of 
I  he  several  ingredients  characteristic  of  each;  for  the  crassamentum  may 
include,  not  only  the  fibrin  and  red  corpuscles,  but  also  a  large  proportion 
L)f  the  serum,  entangled  as  it  were  in  its  substance.  This  is  particularly 
the  case  when  the  coagulation  is  rapid;  and  the  clot  then  expels  little  or 
none  of  it  by  subsequent  contraction.  On  the  other  hand,  if  the  coagula- 
tion be  slow,  the  particles  of  fibrin  usually  seem  to  become  more  com- 
[Jetely  aggregated,  the  coagulum  is  denser  at  first,  and  its  density  is 
freatly  increased  by  subsequent  contraction.  When  a  firm  fresh  clot  is 
removed  from  the  fluid  in  which  it  is  immersed,  its  contraction  is  found 
lo  go  on  increasing  for  24  or  even  48  hours,  serum  being  squeezed  out  in 
Irops  upon  its  surface ;  and  in  order,  therefore,  to  form  a  proper  estimate 
if  the  relative  proportions  of  Crassamentum  and  Serum,  the  former  should 
36  cut  into  slices,  and  laid  upon  bibulous  paper,  that  the  latter  may  be 
pressed  fi'om  it  as  completely  as  possible. — Aceoi:ding  to  the  experiments 
if  Mr.  Thackrah,t  coagulation  takes  place  sooner  in  metallic  vessels  than 
in  those  of  glass  or  earthenware,  and  the  quantity  of  serum  separated  is 
much  less;  in  one  instance,  the  proportion  of  serum  to  clot  was  as  10  to 
-4^,  when  the  blood  coagulated  in  a  glass  vessel;  whilst  a  portion  of  the 

ime  blood,  coagulating  in  a  pewter  vessel,  gave  only  10  of  serum  to  175 
i  clot.    The  specific  gravity  of  Blood  is  no  measure  of  its  coagulating 

I  lower ;  for  a  high  specific  gravity  may  be  due  to  an  excess  in  the  amount 
f  corpuscles,  which  form  the  heaviest  part  of  the  blood;  and  may  be 

iccompanied  by  a  diminution  in  the  quantity  of  fibrin,  which  is  the 

•oagulating  element. 

189.  The  surface  of  the  Crassamentum  not  imfrequently  exhibits,  in 
•ertain  disordered  conditions  of  the  blood.,  a  layer  that  is  nearly  free  from 
■olour;  and  this  is  known  as  the  Bufy  Goat.  The  presence  of  this  has 
•  oen  frequently  regarded  as  a  sign  of  the  existence  of  Inflammation,  indi- 

iting  an  undue  predominance  of  fibrin;  but  this  idea  is  far  from  being 
•rrect,  since,  as  will  presently  appear  (§  190),  it  may  result  from  an 
'l)posite  condition  of  the  blood.    A  similar  colourless  layer  is  usually 
'bservable,  when  the  coagulation  of  the  blood  has  been  retarded  by  the 
i-ddition  of  agents  that  have  the  power  of  delaying  it  (§  184) ;  and  since,  in 

See  Mr.  H.  Lee's  excellent  Treatise  "  On  the  Origin  of  Inflammation  of  the  Veins,  and 
'II  Purulent  Deposits." 
t  "  Enquiry  into  the  Nature  and  Properties  of  the  Blood,"  2nd  edit.,  p.  (5(j. 
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Fig  13. 


inflammatoiy  states  of  the  system,  the  blood  is  generally  long  in  coagulating, 
it  has  been  supposed  that  the  separation  of  the  red  particles  from  the 
fibrinous  parts  of  the  clot  is  due  to  this  cause  alone.  It  was  long  since 
pointed  out  by  Dr.  Alison,*  however,  that  this  explanation  is  insufficient, 
for  the  two  following  reasons: — "  1.  The  formation  of  the  huffy  coaf, 
though  no  doubt  favoured  or  rendered  more  complete  by  slow  coagular 
tion,  is  often  observed  in  cases  whei'e  the  coagulation  is  more  rapid  than 
usual ;  and  the  colouring  matter  is  iisually  observed  to  retire  from  the 
smface  of  the  fluid  in  such  cases,  before  any  coagulation  has  commenced. 
2.  The  separation  of  the  fibrin  from  the  colouring  matter  in  such  cases 
takes  place  in  films  of  blood,  so  thin  as  not  to  admit  of  a  stratum  of  the 
one  being  laid  above  the  other;  they  separate  from  each  other  laterally, 
and  the  films  acqiui'e  a  speckled  or  mottled  appearance,  equally  charac- 
teristic of  the  state  of  the  blood  witli  the  bufty  coat  itself" — Now  we 
have  ah-eady  seen  that  the  red  corpuscles  of  healthy  blood  have  a  tendency 
to  aggi-egate  together  in  piles  and  masses ;  and  it  has  been  pointed  out  hy 
Prof  H.  Nassef  and  Mr.  Whai-ton  Jones,  j  that  this  tendency  is  greatly 
augmented  in  inflammatory  blood,  so  that  the  corpuscles  mn  together 
into  little  clumps  often  visible  to  the  naked  eye,  and  adhere  to  each  other 
with  considerable  tenacity.  Further,  it  has  been  shown  by  Mr.  Gulliver,  § 
that  the  subsidence  of  the  red  corpuscles  is  more  rapid  in  inflammatoiy 
than  it  is  in  healthy  blood,  and  that  their  rate  of  sinking  increases  with 

their  aggregation;  so  that  whilst 
they  sink  about  an  eighth  of  an 
inch  during  the  first  two  or  three 
minutes,  they  sink  through  five  or 
six  times  that  space  in  the  next 
interval  of  the  same  length.  That 
the  quickness  with  which  they 
thus  aggregate  in  the  lower  part 
of  the  clot,  does  not  depend  (in 
the  case  of  inflammatory  blood) 
upon  the  mere  facility  with  which 
they  sink,  was  fui'ther  determined 
by  the  use  of  means  which  teuded 
to  diminish  or  increase  their  ag- 
gregation ;  thus  it  was  found  that 
the  addition  of  weak  saline  solu- 
tions, by  which  the  liquor  san- 
guinis is  attenuated,  but  which 

The  microscopic  appearance  of  a  drop  of  Blood  in  diminish  the  mutual  attl'actiou  of 
the  Inflammatory  condition.    The  red  corpuscles  lose  j    „™^„„^lpq     •nnrtinllv  OV 

their  circular  form,  and  adhere  together;  the  white  tUe    ICa    COrpUbCieS,  paiXiail^ 

corpuscles  remain  apart,  and  are  often  more  abundant  completely  prevented  the  foima- 

'"'^'^  tion  of  the  bufly  coat,  in  blood 

which  exhibited  it  strongly  when  left  pure,  even  though  its  coagulation 
was  considerably  retai'ded  thereby ;  on  the  other  hand,  the  addition  of 

*  "  Outlines  of  Physiologjs"  3rd  edit.  p.  89. 

t  "  Das  Blut,"  cited  in  Henl6'8  "  Anatomie  Generale"  (traduit  par  Jourdan),  p.  4G8. 
+  '  Report  on  Inflammation,'  in  "  Brit,  and  For.  Med.  Rev."  vol.  xvii.  p.  567. 
§  See  his  Memoir  '  On  the  BufFy  Coat  of  the  Blood,'  in  the  "  Edinb.  Med.  and  Sui?' 
Journ."  No.  1(55  ;  and  his  edition  of"  Hewson's  Works,"  p.  41. 
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iiucilage  with  a  small  quantity  of  saline  matters,  the  effect  of  which  is  to 
remote  the  aggregation  of  the  corpuscles,  tended  to  develope  the  buffy 
lat  by  increasing  the  rate  at  which  they  sink.  Now  as  it  has  been 
I  and  that  liquor  sanguinis  deprived  of  its  corpuscles  coagulates  more 
lowly  than  unaltered  blood,  it  does  not  seem  improbable,  as  Mr.  Gulliver 
;s  remarked,  that  this  separation  of  the  two  components  of  the  crassa- 
lentum,  which  determines  the  formation  of  the  buffy  coat,  is  the  cause, 
ather  than  the  consequence,  of  the  slowness  of  the  coagulation  of  infiam- 
iiatory  blood. — It  is  in  the  buffy  coat  of  inflammatory  blood,  that  we  see 
i;o  clearest  indications  of  organization  ever  presented  by  the  circulating 
iuid.  The  fibrous  network  is  frequently  extremely  distinct;  and  it  com- 
aonly  includes  a  lai'ge  number  of  colourless  corpuscles  in  its  meshes, 
iiese,  indeed,  being  sometimes  so  numerous,  that  it  is  almost  entirely 
I  imposed  of  them.  In  its  Chemical  Composition,  the  buffy  coat  of  in- 
lammatory  blood  appears  to  be  peculiar;  containing  a  larger  or  smaller 
mount  of  the  substance,  readily  soluble  in  boiling  water,  which  is  con- 
klered  by  Mulder  to  be  the  tritoxide  of  proteine  (§  30). 

190.  When  the  'buff'  arises  from  other  causes,  however,  its  appearance 
s  less  characteristic.  It  appears  from  the  researches  of  Andral,  that  the 
Lsual  condition  of  its  production  is  an  increase  in  the  quantity  of  fibrin  in 
)roportion  to  the  red  corpuscles,  and  not  a  simple  augmentation  of  fibrin, 
liis  increase  may  occur  in  two  ways; — either  by  an  absolute  increase  in 
lie  fibrin,  the  amount  of  the  corpuscles  remaining  unchanged,  or  not 
eing  augmented  in  the  same  proportion ; — or  by  a  diminution  of  the 
•^rpuscles,  the  quantity  of  fibrin  remaining  the  same,  or  not  diminishing 

the  same  proportion.  Hence  in  severe  Chlorosis,  in  which  the  latter 
'judition  is  strongly  developed  (§  174),  the  buffy  coat  may  be  as  well 
larked,  as  in  the  severest  Inflammation.*  Unless  the  composition  of  the 
lood  be  altered  in  one  of  these  two  ways,  it  is  stated  by  Andral  that  the 
uffy  coat  is  never  formed;  the  influence  of  circumstances  which  favour 
.  not  being  sufiicient  to  produce  it  when  acting  alone.  The  absence  of 
liese  circumstances  may  prevent  it,  however,  when  it  would  otherwise 
;ive  been  formed;  thus,  when  the  blood  flows  slowly,  the  'buff'  is  not 
l  operly  produced ;  becaiLse  the  slow  discharge  gives  one  portion  time  to 
agulate  before  another;  and  only  the  blood  last  drawn  furnishes  the 

'  The  records  of  Medicine  scarcely  furnish  a  more  notable  example  of  the  pernicious 
luence  of  theories  founded  upon  a  shallow  empiricism,  and  of  the  superiority  of  a  rational 
ictice  based  on  a  knowledge  of  the  real  facts  of  the  case,  than  is  afforded  by  the  contrast 
L  ween  the  former  and  the  present  treatment  of  Chlorosis.    Whilst  the  notion  prevailed 
it  the  buffy  coat  is  a  sign  of  Inflammation,  and  that  the  most  powerful  remedy  for  Inflam- 
"ition  is  loss  of  blood,  patients  already  reduced  to  a  state  of  anaemia,  who  complained  of 
im  in  the  left  hypochondrium,  palpitations,  &c.,  were  bled  over  and  over  again,  every 
ithdrawal  of  blood  of  course  seriously  increasing  the  mischief,  by  producing  a  further  reduc- 
•111  in  the  proportion  of  red  corpuscles  (§  162).    The  author  well  remembers  that,  when  a 
I'll  in  the  Bristol  Infinnary  in  the  years  1833-4,  he  was  repeatedly  directed  by  the 
unable  Senior  Physician  (long  since  dead)  to  draw  eight,  ten,  or  twelve  oxmces  of  blood 
mi  patients  in  this  condition  ;  and  that  the  crassamentum,  after  coagulation,  often  resembled 
"lall  island  floating  in  an  ocean  of  serum.    Yet,  because  this  minute  clot  exliibited  the 
tly  coat,  the  bleeding  was  considered  to  be  '  orthodox'  practice,  and  the  obstinacy  of  the 
'•mic  state  was  attributed  to  the  severity  of  the  disease.    If  M.  Andral  had  made  no  other 
utribution  to  Medical  Science,  than  the  demonstration  of  tlie  real  nature  of  this  condition 
the  blood,  and  of  the  influence  of  further  withdrawal  of  that  fluid  in  promoting  it,  he 
iild  have  rendered  a  most  essential  service  to  the  multitudes  of  females  who  arc  un'for- 
iiate  enough  to  suffer  from  this  kind  of  deterioration  of  their  vital  fluid. 
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fibrin  at  the  upper  part  of  the  vessel.  Again,  in  a  deep  narrow  vessel 
the  'buff'  will  foi-m  much  more  decidedly  than  in  a  broad  shallow  cue  • 
because  the  thickness  of  the  fibrinous  crust  will  be  greater. 

191.  It  appears,  then,  from  the  foregoing  facts,  that  we  must  regard 
the  coagulation  of  the  blood  as  essentially  dependent  upon  the  vital  pro- 
perties of  its  Fibrin;  the  tendency  to  aggregation  which  is  exhibited  by 
the  Eed  Corpuscles,  having  no  special  part  in  it,  except  when  that  ten- 
dency is  abnormally  augmented,  and  then  only  influencing  the  relative 
situations  of  the  two  components  of  the  clot.  The  deficiency  in  coagu- 
lating power,  by  which  the  blood  is  sometimes  marked,  must  be  attri- 
buted to  the  want  of  due  elaboration  in  the  Fibrin  alone,  or  to  the 
destruction  of  its  vital  endowments  by  some  agent  which  has  a  noxious 
influence  upon  it;  of  the  former  condition  we  seem  to  have  an  example 
in  such  a  case  as  that  already  cited  (§  176),  in  which  the  circulating 
fluid  consisted  of  a  vei-y  crude  chyle ;  of  the  latter,  in  those  diseased  states 
in  which  we  can  trace  the  operation  of  a  poison  upon  blood  that  was 
previously  healthy,  as  when  asphyxia  has  occasioned  the  retention  of 
carbonic  acid  generated  withiu  the  system,  or  when  the  materies  morhi  of 
cholera  or  some  malignant  fever  has  been  introduced  into  the  circular 
tion.  But  it  would  be  by  no  means  fair  to  attribute  the  noxious  influ- 
ence of  such  poisons  solely  to  their  power  of  desti'oying  the  coagulabihty 
of  the  blood-fibrin,  for  it  is  obviously  exerted  in  many  other  ways;  and  it 
is  probable  that  the  same  agency  which  kills  the  fibrin,  exerts  a  similar 
destructive  power  on  the  vitality  of  the  corpuscles,  and  on  that  of  the 
tissues  throvigh  which  the  poisoned  blood  circulates. — But  whilst  we 
attribute  the  coagulating  power  of  the  Blood  to  the  vital  endowments  of 
the  fibrin,  we  can  scarcely  fail  to  perceive  that  the  exercise  of  this  power 
is  kept  in  check  (so  to  speak)  by  the  vital  endowments  of  the  living 
tissues  with  which  it  is  in  contact.  For,  as  we  have  seen,  the  main 
condition  of  coagulation  is  the  diminution  or  cessation  of  their  agency, 
either  by  the  withdrawal  of  blood  from  the  body,  or  by  the  death  of  the 
organism  enclosing  it,  or  by  the  lowered  vitality  of  the  tissues  through 
which  it  moves  (§  186);  whilst  mere  stagnation  exerts  but  a  secondary 
influence  upon  it  (§  184).  And  thus  we  seem  entitled  to  say,  that  the 
liquid  condition  of  the  fibrin  is  a  result  of  a  balance  of  forces  between  the 
fibrin  and  the  living  tissues,  those  of  the  former  tending  to  its  solidifica- 
tion, whilst  those  of  the  latter  maintain  its  fluidity;  but  that  if  the 
latter  should  be  deficient,  the  former  come  into  uncontrolled  action,  and 
expend  themselves  in  the  production  of  a  lowly-organized  tissue,  the 
higher  vitalization  of  which  depends  upon  subsequent  operations  (§  29). 
The  source  of  this  vital  endowment  of  the  Fibrinous  constituent  of  the 
blood,  must  be  looked-for  in  the  operations  to  which  the  crude  albu- 
minous pabulum  is  subjected,  after  its  first  reception  into  the  system; 
and  these  will  hereafter  become  the  subject  of  inqidry. 

192.  Of  the  particular  purposes  which  are  served  by  the  Fibrin  of  the 
blood  in  the  vital  economy  of  the  system  at  large,  it  must  be  confessed 
that  we  have  but  little  positive  knowledge.  The  idea  has  been  enter- 
tained by  many  Physiologists  (including  the  Author  of  this  treatise)  that 
the  fibrin  is  that  element  of  the  blood  which  is  immediately  drawn-npon 
in  the  operations  of  nutrition ;  being  the  intermediate  stage  between  the 
crude  albumen  and  the  solid  tissues.    This  opinion  rested  in  part  upon 
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e  current  doctrine,  that  fibrin  is  the  constituent  of  Muscle;  and  in 
irt  upon  the  assumption,  that,  as  fibrin  is  more  endowed  with  vital 
operties  than  any  other  of  the  liquid  components  of  the  blood,  so  as  to 
capable  of  passing  by  itself  into  the  condition  of  an  organized  tissue, 
must  be  tlie  one  most  readily  appropriated  by  the  various  parts  of  the 
!id  fabric,  as  the  material  for  their  growth  and  development. — Various 
•nsiderations  have  of  late  been  adduced,  however,  which  tend  to  shake 
^is  belief    It  has  been  shown  that  so  far  from  there  being  any  evidence 
the  identity  of  the  fibrin  of  blood  and  the  substance  of  muscle,  the 

lence  is  precisely  the  other  way  (§  25).  Again,  we  have  seen  that 
Li-e  are  both  structural  and  chemical  indications,  that  fibrin  is  in  a 
ite  of  transition  rather  towai'ds  the  fibro-gelatinous  textures,  than 
«"ards  those  of  the  cellule- albuminous  type;  for  the  fibrous  network 
lich  is  formed  by  its  coagulation  bears  a  greater  resemblance  to  the 
lite  fibrous  tissue  (§  220),  than  to  any  other  texture  of  the  body;  whilst 
}  points  in  which  the  chemical  properties  of  fibrin  differ  from  those  of 
uimen,  are  such  as  manifest  a  relationship  to  gelatin  (§§  25 — 30).  We 
nn  justified  in  regarding  it,  then,  as  the  special  pabulum  of  those 
niective  tissues,  whose  physical  offices  in  the  economy  are  so  important, 
lilst  their  vital  endowments  are  so  low  (chap.  v.  sect.  1);  and  as 
ving,  by  its  own  formative  power,  for  the  generation  of  these  tissues, 
erever  and  whenever  there  may  be  a  demand  for  them. — On  the  other 
ud,  there  is  a  complete  absence  of  evidence,  that  the  fibrin  of  the 
Kjd  serves  any  special  purpose  in  the  nutrition  of  the  cellulo-albuminous 
-ues;  and  there  are  various  negative  indications  that  their  generation 
.  development  do  not  depend  upon  its  presence.  For,  in  the  first 
cce,  there  is  evidence  that  a  fluid  destitute  of  coagTilating  power  may 
ve  the  general  pm-poses  of  nutrition ;  this  being  furnished,  not  merely 

such  cases  as  that  just  alluded  to  (§  176),.  in  which  the  circulat- 
r  fluid  was  entirely  deficient  in  fibrin,  apparently  from  defective  ela- 
ation;  but  also  by  the  results  of  experiments  on  the  introduction  of 
ibrinated  blood  into  the  vessels  of  animals  which  had  been  reduced  to 
icope  by  the  withdrawal  of  blood,  it  having  been  found  by  Dieffen- 
•li*  and  Bischoffjt  that  this  operation  immediately  restored  the  heart's 
ion,  and,  with  it,  the  general  train  of  vital  operations.  Further, 
hough  we  are  not  justified  in  positively  affirming  that  the  fluid  which 
nsudes  the  walls  of  the  capillary  blood-vessels,  for  the  nutrition  of 
!  tissues  which  they  supply,  is  albuminous  rather  than  fibrinous,  yet 
■re  seems  a  strong  probability  that  such  is  the  case ;  all  non-inflam- 
'ory  exudations  being  albuminous,  unless  produced  by  an  excess  of 

.sure  (§  227);  and  the  fluid  of  the  lymphatics,  which  is  probably 

re-collected  surplus  of  that  which  has  thus  escaped,  being  so  slightly 
-pliable,  that  we  may  fairly  regard  the  presence  of  fibrin  in  it  as 

■  result  of  the  elaboration  which  it  has  undergone  during  its  pas- 
•  through  the  absorbent  system.  Moreover,  the  formation  of  the 
^<;table  cell  takes  place  at  the  expense  of  an  albuminous  fluid,  there 

■  ig  no  element  in  the  juices  of  the  Plant  analogous  to  the  fibrin  of 
'  blood;  and  although  the  endowments  of  certain  parts  of  Plants  arc 
l)eculiar  (§  125),  as  to  prevent  any  such  argument  from  possessing 


*  "Die  Transfusion  des  Blutes,"  Berlin,  1820.         +  "  Miiller's  Archiv.,"  1835. 
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much  weight,  yet  when  it  is  considered  that  the  gi-eat  mass  of  the  Ve- 
getable fabric  grows  (like  tliat  of  Auimals)  at  the  expense  of  nutri- 
ment ah'cady  i^repai-ed  for  it,  and  that  the  composition  of  the  Vegetable 
cell  is  essentially  the  same  as  that  of  the  Animal  cell  (§  99),  the  foct 
of  the  entire  absence  of  any  substance  at  all  resembling  fibrin  in  the 
vegetable  juices,  and  the  corresponding  deficiency  of  fibro-gelatinous 
tissues  in  their  solid  fabric,  may  be  adduced  in  confirmation  of  the  views 
here  advanced. 

193.  Even  if,  however,  we  thus  limit  the  value  of  Fibrin,  as  regards 
the  ordinary  nutritive  processes,  to  the  maintenance  of  the  gelatigenous 
tissues,  we  still  have  to  consider  it  as  a  most  important  component  of  the 
blood,  and  as  altogether  different,  in  its  relations  to  the  living  body,  fi-om 
those  products  of  disintegration  which  are  destined  to  excretion  (§  29, 
note).  For,  putting  aside  its  presumed  importance  in  maintaining  that 
physical  condition  of  the  blood  which  is  most  favourable  to  its  free 
movement  through  the  vessels,  and  to  its  due  retention  within  their 
walls  (§  179),  we  find  that  it  is  entirely  on  the  coagulating  powere  of  the 
blood,  that  the  cessation  of  htemorrhage  even  from  the  most  trifling 
injuries,  is  dej)endent;  that  the  limitation  of  purulent  efiFusions  by  the 
consolidation  of  the  surrounding  tissue,  and  the  safe  separation  of  gan- 
grenous parts,  can  only  take  place  in  virtue  of  the  same  property ;  and 
that  the  adhesion  of  incised  Avounds,  still  more  the  filling-up  of  breaches 
of  substance,  require  as  their  first  condition,  that  either  the  blood,  or 
matter  exuded  from  it,  should  be  able  to  assume  the  state  of  fibrous 
tissue. — The  results  of  deficiency  of  coagulating  power  in  the  blood,  are 
fearfully  seen  in  that  continued  and  uncontrollable  flow  which  takes 
place  in  Purpura,  the  blood  not  being  able  to  form  a  clot  sufficient  to  fill 
up  even  the  wound  made  by  the  scratch  of  a  pin;  in  the  want  of  circum- 
scription of  collections  of  pus  within  an  abscess,  allowing  its  iufiltratiou 
through  tissues  that  were  previously  healthy,  and  thus  occasioning  a  wide- 
spread destruction  of  organized  texture,  which  is  characteristic  of  certain 
forms  of  inflammation  (this  resiilt  being  usually  attributable  either  to  the 
previously  unhealthy  condition  of  the  system,  or  to  the  introduction  of  somi 
specific  poison  into  the  blood) ;  in  the  want  of  a  corresponding  limitation  ^| 
between  the  living  and  the  dead  parts  in  gangxene,  so  that  haimon-hage 
takes  place  on  the  separation  of  the  sloiigh,  the  vessels  not  having  becii 
previously  obstructed  by  coagula;  and  in  the  entire  absence  of  au} 
cff()rt,  either  by  simple  adhesion,  or  by  the  formation  of  connective 
tissue,  whereby  the  sides  of  open  wounds  may  be  kept  together,  ami 
dissevered  parts  brought  again  into  connection  (See  chap.  xi.  sect.  2).— 
On  the  other  hand,  we  see  the  consequences  of  excess  of  the  proportion  ot 
fibrin,  and  of  that  increased  plasticity  (or  tendency  to  fibrillate)  whicli 
iisually  accompanies  its  augmentation,  in  the  tendency  to  form  thosi' 
plastic  effiisions  which  are  characteristic  of  the  Inflammatory  state,  and 
which,  if  poured  out  upon  serous  or  mucous  surfaces,  constitute  '  false  i 
membranes'  and  '  adhesions,'  or,  if  infiltrated  into  the  substance  of  living  ' 
tissues,  occasion  their  consolidation.  This  increased  plasticity  of  tlie  , 
blood,  however,  may  frequently  be  regarded  in  the  light  of  an  '  effort  oi  i 
Nature,'  to  antagonize  the  evil  consequences  of  that  depression  or  positive  , 
destruction  of  the  vitality  of  the  solid  tissues,  which  seems  to  form  au  , 
essential  part  of  the  inflammatory  condition ;  and  thus  it  is,  that  whilst  , 
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I'  central  part  of  a  mass  of  tissue,  in  which  the  inflammation  has  been 
est  intense,  suffers  complete  death,  and  is  carried  away  in  the  sup- 
rative  process,  the  peripheral  part,  in  which  the  violence  of  the  inflam- 
ction  has  been  less,  becomes  infiltrated  with  plastic  matter  poured  out 
)m  the  blood,  and  forms  the  solid  and  impermeable  wall  of  the  abscess. 

ce  CHAP.  XI.  SECT.  3.) 

;  194.  Turning  now  to  the  Corpuscles  of  the  Blood,  we  have  to  inquire 
to  their  special  functions,  and  into  the  nature  of  their  participation  in 
e  vital  operations  of  the  system  at  large.    Here,  also,  we  are  obliged 
rely  upon  evidence  of  a  far  less  satisfactory  nature  than  could  be 
sired ;  and  at  whatever  conclusions  we  may  arrive,  we  must  hold  them 
;  probable  only,  and  as  liable  to  be  modified  by  further  inquiry. — In  the 
3t  place,  upon  looking  to  the  chemical  constitution  of  the  Red  cor- 
acles, we  have  seen  that  it  possesses  a  remarkable  correspondence  with 
lat  of  Muscle,  in  the  proportion  of  the  potash-salts  which  they  contain ; 

I  this  respect  diflFering  in  a  very  marked  manner  from  the  liquor  san- 
So,  again,  it  exhibits  a  like  correspondence  with  that  of  the  Nerve- 
stance,  in  the  quantity  of  phosphorized  fat  which  it  includes  (§  142). 

rain,  the  peculiar  colour  which  the  vesicular  nervous  matter  and  the 
iscular  substance  of  warm-blooded  animals  exhibit,  although  doubt- 
s  attributable  in  part  to  the  actual  presence  of  red  blood  in  these 
sues,  yet  partly  depends  upon  a  pigmentary  matter  in  their  own  sub- 
iice,  which  seems  closely  to  resemble  hsematin  (§  31).    Thus,  then, 
the  relative  composition  of  the  Red  corpuscles  and  of  the  Muscular 
d  Nervous  tissues,  there  appears  to  be  much  reason  for  regarding  the 
mer  as  destined  to  prepare  or  elaborate  materials  which  are  to  be  sub- 
vient  to  the  nutrition  of  the  latter.    Again,  we  have  seen  that  although 
'  difference  in  the  colour  of  the  red  corpuscles  of  arterial  and  venous 
id,  cannot  now  be  considered  (as  it  formerly  wtis)  to  be  an  indication 
chemical  change  in  their  contents — effected,  on  the  one  hand,  by  the 
jncy  of  carbonic  acid,  and,  on  the  other,  by  that  of  oxygen, — yet  there 

II  appeal's  reason  to  regard  these  corpuscles  as  having  more  power  of 
)rbing  those  gases,  than  is  possessed  by  any  other  constituent  of  the 

"jd  (§  142).    Hence  we  may  look  upon  them  as  specially  subservient 
the  vital  activity  of  the  nervo-muscular  apparatus;  since  it  is  one  of 
most  important  conditions  of  that  activity,  that  these  tissues  shall  be 
[)lied  with  duly  oxygenated  blood,  and  that  the  carbonic  acid  which  is 
of  the  products  of  their  disintegration  shall  be  conveyed  away.  And 
s  view  is  in  complete  harmony  with  the  fact,  that  the  proportion  of  Red 
■  puscles  in  the  blood  bears  a  close  relation  to  the  amount  of  Respi- 
'ly  power  (as  shown  in  the  quantity  of  carbonic  acid  set  free,  and  in 
amount  of  heat  generated)  in  different  classes  of  Vertebrata;  both 
iiig  greatest  in  Birds,  nearly  as  great  in  Mammals,  very  low  in  most 
jitilcs,  and  varying  considerably  among  Fishes.''^'    Again,  we  observe 

"  Princ.  of  Phys.,  Gen.  and  Comp.,"  §  619.  Among  Invertebrated  animals,  as  a  general 
•,  the  degree  of  nervo-muscular  energy  that  can  be  put  forth,  the  quantity  of  carbonic  acid 
'liiced  in  respiration,  and  the  amount  of  heat  generated  in  the  botly,  are  nliicc  at  a  low 
'I'lard  ;  and  the  fluid  constituents  of  the  blood,  with  the  colourless  corpuscles  that  float  in 
vould  seem  to  convey  oxygen  to  the  tissues,  and  carbonic  acid  to  the  respiratory  organs, 
li  sufficient  facility.  In  Insects,  however,  the  case  is  dilferent ;  their  nervo-muscular 
ivity,  capacity  of  respiration,  and  heat-producing  power  being  all  extraordinarily  high. 
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that  among  Carnivorous  Mammalia,  the  proportion  of  red  corpuscles  is 
considerably  greater  than  it  is  among  the  Herbivorous  tribes,  whose 
nervo-muscular  energy  is  (upon  the  whole)  so  greatly  inferior ;  and  it  is 
in  the  condition  of  greatest  animal  vigom*,  in  the  Human  system,  that 
we  find  their  amount  the  greatest,  whilst  the  reduction  of  that  vigour  by 
chronic  disease  of  any  description,  seems  invariably  attended  with  a  more 
marked  diminution  in  this  constituent  of  the  blood  than  in  any  other. 
And  in  those  Anaemic  states  of  the  system,  in  which  the  proportion  of 
red  corpuscles  is  reduced  to  an  extremely  low  point  (§  174),  we  invariably 
find  that  the  animal  powers  are  correspondingly  depressed;  the  capacity 
for  sustained  exertion,  either  of  the  mental  faculties,  or  of  the  motor 
api5ai"atus,  being  almost  destroyed,  although  both  the  nervous  and  mus- 
cular systems  are  very  easily  excited  to  feeble  action. — However  difficult 
it  may  seem  to  explain,  on  this  view,  the  persistence  of  any  degree  of 
nervo-muscular  ^30\ver,  in  such  cases  as  that  already  referred  to,  in  which 
the  Red  corpuscles  appeared  to  be  entirely  deficient  (§  176),  the  same 
difficulty  attends  any  attempt  to  assign  a  use  for  them,  which  shall  be  in 
accordance  with  their  well-mai'ked  importance  as  constituents  of  the 
Blood.  And  we  may  suppose  that,  in  such  cases,  the  Colourless  cor- 
puscles, although  discharging  the  duty  less  perfectly,  might  to  a  certain 
extent  perform  it,  as  they  seem  to  do  among  the  Invertebrata. 

195.  The  difficulty  of  precisely  determining  the  functions  of  the  Red 
corpuscles,  is  even  surpassed  by  that  of  assigning  the  probable  duty  of 
the  Colourless.  The  considerations  already  adduced  appear  to  show, 
that  the  Colourless  corpuscles  are  to  be  considered  as  cells  of  a  lower 
grade  than  the  Red;  since  they  represent  them  among  Invei-tebrated 
animals,  and  also  in  the  incipient  blood  of  Vertebrata;  and  also,  because 
cells  resembling  the  former  (if  not  the  very  same)  pass  on  to  develope 
themselves  into  the  latter  (§  155).  Still  we  find  that  this  final  ,  change 
does  not  occur  among  the  Invertebrata;  and  it  is  obvious,  therefore,  that 
even  in  their  colourless  state,  the  corpuscles  have  a  function  to  discharge 
in  the  vital  economy.  Little  light  has  yet  been  thrown  upon  this  subject 
by  inquiry  into  the  Chemical  composition  of  the  blood-corpuscles  of  the 
lower  animals;  and  no  means  have  yet  been  devised  for  obtaining  the 
colom-less  corpiiscles  of  the  higher  in  a  separate  state,  for  the  pui-pose  of 
determining  this.  A  minute  sample  of  the  blood-corpuscles  of  a  Crab, 
however,  examined  by  Prof  Graham,  has  been  found  by  him  to  coutaii! 
"  a  sensible  quantity  of  iron,  the  proportion  being  perhaps  as  lai'ge  as  in 
red  corpuscles."  *  Thus,  then,  we  have  evidence  that  the  difference  of 
h\ie  between  the  two  sets  of  Corpuscles,  does  not  involve  any  consider- 
able difference  in  the  proportion  of  one  of  the  most  characteristic  ele- 
ments of  the  Red ;  and  if  it  be  admitted  that  they  are  both  to  be  looked- 
iipon  as  having  the  same  origin,  and  as  diffei'ing  only  in  their  stage  of 
development,  it  is  manifest  that  no  other  difference  can  fairly  be  expected 
to  exist  in  their  contents,  than  that  which  is  marked  by  the  formation  of 
the  colouring  matter,  as  the  final  effort  of  their  transforming  power. 
This  product,  as  we  have  seen  (§  142),  constitutes  but  about  one-twentieth  of 

Their  want  of  red  corpuscles  would  here  seem  to  be  compensated,  so  far  as  the  respiratory 
process  is  concerned,  by  the  introduction  of  air,  through  the  tracheal  apparatus,  into  the 
tissues  tliemsclves.    ("  Princ.  of  Pliys.,  Gen.  and  Comp.,"'  $  520.) 
*  "Philosophical  Transactions,"  1846,  p.  105. 
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e  whole  contents  of  the  Red  coi-pviscles. — The  following  observation  by 
r.  Newport  seems  to  indicate,  that  the  corpuscles  of  the  blood  of 
sects  (some  of  them  in  the  condition  of  '  granule-cells,'  others  in  that 
'  nucleated  colourless  cells,'  §  147),  have  an  important  function  to 
rform  in  the  elaboration  of  nutrient  material.     The  '  oat-shaped ' 
rpuscles  (the  '  granule-cells '  of  Mr.  Wharton  Jones)  are  found,  in  the 
irva,  to  be  most  numerous  at  the  period  immediately  preceding  each 
ange  of  skin;  at  which  time  the  blood  is  extremely  coagulable,  and 
.idently  possesses  the  greatest  formative  power.    The  smallest  number 
'  met  with  soon  after  the  change  of  skin ;  when  the  nutrient  matter  of 
J  blood  has  been  exhausted  in  the  production  of  new  epidermic  tissue, 
the  Pupa  state,  the  gTeatest  number  are  found  at  about  the  third  or 
.arth  day  subsequent  to  the  change;  when  preparations  appear  to  be 
1st  actively  going  on,  for  the  development  of  the  new  parts  that  are  to 
peai"  in  the  perfect  Insect.    After  this,  there  is  a  gradual  diminution ; 
i  plastic  element  being  progressively  withdrawn  by  the  formative  pro- 
-5ses;  until,  in  the  perfect  Insect,  very  few  remain.    When  the  wings 
i  being  expanded,  however,  and  are  still  soft,  a  few  oat-shaped  cor- 
scles  circulate  through  their  vessels ;  but  as  the  wings  become  conso- 
ated,  these  corpuscles  appear  to  be  arrested  and  to  break  down  in  the 
rculating  passages;  supplying,  as  Mr.  N.  thinks,  the  nutrient  material 
the  completion  of  these  structures,  which  subsequently  undergo  no 
ge.*    The  blood  also  contains  nucleated  cells,  the  proportion  of 
ich  seems  to  increase  in  the  Imago  state,  whilst  that  of  the  '  granule- 
Is'  diminishes. 

1196.  That  condition  of  the  corpuscular  element  of  the  blood  which  is 
mal  in  the  Insect,  must  be  considered  as  decidedly  abnormal  in  the 
nrtebrated  animal,  in  which  the  circulating  fluid  goes  on  to  a  higher 
ase  of  development;  and  the  excess  of  Colourless  corpuscles  in  the 
ter  seems  always  to  be  associated  (save  in  the  eUrly  part  of  life)  with 
i  imperfect  performance  of  their  nutritive  operations.    Thus,  according 
1  the  observations  of  Mr.  Paget,  they  are  especially  abundant  in  the 
od  of  frogs  that  are  young,  sickly,  or  ill-fed;  and  whilst  in  the  first  of 
ise  cases,  their  large  number  seems  to  depend  upon  rapid  increase,  so 
it  new  red  corpuscles  may  be  generated  in  adaptation  to  quick  growth, 
the  two  latter  their  accumulation  seems  rather  to  be  attributable  to  a 
iirdation  of  development  through  disease  or  defective  nutriment,  so 
it,  although  their  production  is  not  hindered,  their  normal  metamor- 
■  )sis  does  not  take  place.    So,  as  regards  the  human  subject,  Mr.  Paget 
1  firms  the  statement  of  Mr.  Wharton  Jones  and  Prof  J.  H.  Bennett, 
it  the  increased  proportion  of  Colourless  corpuscles  which  has  been 
larded  by  some  observers  (especially  by  Mr.  Addison  and  Dr.  C.  J.  B. 
illiams)  as  characteristic  of  inflammatory  blood,  and  particiilarly  of 
it  which  is  drawn  from  an  inflamed  part,  is  far  from  being  a  constant 
nomenon;  being  most  frequent  when  the  subjects  of  the  disease  are 
sons  in  weak  health,  or  of  the  tuberculous  diathesis,  as  has  been  re- 
I'  kcd  also  by  Nasse  and  Popp.t  And  Mr.  Paget  has  furnished  a  remark- 
le  confii-mation  of  this  view,  in  the  observation,  that  the  inflammatory 
idations  produced  in  different  individuals,  by  the  application  of  the 

"  "  Philosophical  Magazine,"  May,  1045. 

+  'Lectures on  Inflammation,'  in  "  Medical  Gazette,"  1850,  vol.  xlv.  pp.  972,  .073. 
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same  stimulus  on  the  same  tissue  {e.g.  by  the  action  of  a  blister  on  tlie 
skin)  are  found  to  present  a  predominance  of  the  Jihrinous  or  of  the 
co7-2mscular  element,  according  to  the  general  condition  of  the  patient. 
"  The  highest  health  is  mai-ked  by  an  exudation  of  the  most  perfect  and 
unmixed  fibrin;  the  lowest,  by  the  most  abundant  corpuscles,  and  by 
their  neai'est  approach,  even  in  their  early  state,  to  the  characters  of  pus- 
cells.  The  degx'ees  of  deviation  from  general  health  are  mai'ked,  either 
by  increasing  abundance  of  the  corpuscles,  their  gradual  predominance 
over  the  fibrin,  and  their  gi'adual  approach  to  the  character  of  pus-cclls, 
or  else  by  the  gradual  deterioration  of  fibrin,  which,  from  being  tough, 
elastic,  clear,  uniform,  and  of  filamentous  appearance  or  filamentous 
structure,  becomes  less  and  less  filamentous,  softer,  more  paste-like, 
tm-bid,  nebulous,  dotted,  and  mingled  with  minute  oil-globtdes."  "  After 
some  practice,"  adds  Mr.  Paget,  "  one  might  form  a  fair  opinion  of  the 
degree  in  which  a  patient  was  cachectic,  and  of  the  degree  in  which 
an  inflammation  in  him  would  tend  to  the  adhesive  or  to  the  sup- 
purative character,  by  the  microscopic  character  of  these  exudations."* 
— From  such  evidence  we  seem  forced  to  the  conclusion,  that,  whether  or 
not  the  Colourless  corpixscles  ai'e  to  be  regarded  in  any  other  light  than 
as  blood-cells  not  yet  fully  developed,  their  multiplication  is  not  (as  has 
been  maintained)  the  source  of  increase  in  the  fibrinous  constituent  of 
the  liquor  sanguinis.t  Whether  the  aiTCst  of  development  of  these 
corpuscles,  in  the  abnormal  conditions  just  referred  to,  is  to  be  attributed 
to  an  original  want  of  capacity  in  their  germs,  or  to  some  agency  which 

•  Op.  cit.  p.  1015. 

+  The  Author  is  not  ashamed  thus  to  record  his  withdrawal  of  an  opinion  which  he 
formerly  lield,  and  for  which  he  even  strenuously  contended.  Ilis  belief  was  founded  in 
great  part  upon  the  assertions  of  Mr.  Addison  ("  Experimental  Researches  on  the  Process  of 
Nutrition,"  First  and  Second  Series),  and  of  Dr.  C.  J.  B.  Williams  ("  Principles  of  Medi- 
cine," second  edit.  pp.  2.50 — 266),  as  to  the  uniform  concurrence  of  an  increased  production 
of  Colourless  corpuscles,  with  the  augmentation  of  Fibrin  usually  regarded  as  characteristic  of 
the  inflammatory  state  ;  and  this  having  been  disproved  by  the  researches  of  Mr.  Paget  and 
other  trustworthy  observers,  he  abandons  the  idea  as  one  no  longer  tenable.  He  has  the  satis- 
faction of  finding,  however,  that  Mr.  Wharton  Jones  has,  on  his  side,  given  up  the  doctrine 
that  the  lied  corpuscles  dissolve  into  the  fibrin  of  the  blood  ;  against  which  the  Author  had 
argued,  whilst  endeavouring  to  substcantiate  his  own.  Mr.  Wharton  Jones  appears  to  be 
now  satisfied,  that  "  the  inverse  proportion  in  the  quantity  of  red  corpuscles  and  fibrin, 
though  frequent,  has  not  always  been  found  to  obtain  ;  and  when  found,  the  diminution  in 
the  red  corpuscles  has  not  been  in  any  regular  relation  to  the  increase  in  the  quantity  of 
fibrin  ;  moreover,  the  quantity  of  red  corpuscles  which  disappear,  is  quite  disproportionate  to 
the  comparatively  small  addition  to  the  quantity  of  fibrin."  (See  his  Prize  Essay  '  On  the 
state  of  the  Blood  and  the  Bloodvessels  in  Inflammation,'  in  the  "  Guy's  Hospital  Reports' 
for  1850,  p.  68.)  Still,  the  above  observations  of  Mr.  Paget  and  others  seem  to  indicate  some 
relation  of  reciprocity/  Ijetween  the  Colourless  corpuscles  and  the  fibrin  ;  while  those  of  Mr. 
Newport  (§  1 95)  favour  the  belief,  that  these  corpuscles  may  melt  down  into  a  substance 
adapted  for  the  nutrition  of  the  tissues.  An  observation  of  Mr.  Addison's  too,  which  the 
Author  has  himself  confinned,  appears  to  sanction  the  idea  (although  by  no  means  proves) 
that  the  colourless  coi-puscles  emit  a  fibrillating  material  in  bursting.  (See  his"Expen- 
mcntal  Researches,"  second  series,  p.  4.)  The  Author  cannot  help  still  suspecting,  there- 
fore, that  the  Colourless  corpuscles  are  not  to  be  regarded  merely  as  red  blood-cells  in  their 
earlier  phase  of  development ;  but  that  they  have  some  special  connection  with  the  elaoora- 
tion  of  the  plastic  constituents  of  the  blood.  Warned,  however,  by  previous  experience,  of 
the  danger  of  building  conclusions  upon  observations  of  a  limited  and  imperfect  character,  ne 
refrains  at  present  from  offering  any  hypothesis  as  to  the  nature  of  that  relation, — merely 
suggesting  that  it  is  far  from  certain  that  all  the  bodies  which  pass  under  the  designation  oi 
'  white  '  or  '  colourless  corpuscles '  are  of  the  same  kind,  as  is  shown  by  the  fact,  that  ceUs 
are  formed  in  exudations,  which  cannot  be  distinguished  from  the  colourless  cells  of  the 
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!l)scqueiitly  depresses  their  vital  power,  or  to  the  want  of  some  material 
hich  they  require  for  the  pm-pose,  can  scarcely  at  present  be  decided; 

ud  it  may  be  doubted  whether  any  one  of  these  determining  causes  is 
1  action  in  every  case,  or  whether  each  of  them  may  not  occasionally 

perate,  either  singly  or  in  combination. 
197.  Tm-ning  now  to  those  constituents  of  the  Blood  which  show  no 

,  idications  of  possessing  vitality,  we  have  first  to  speak  of  its  A  Ihumen. 

:'he  relations  which  this  substance  bears  to  the  living  body  are  of  the 
lost  important  and  fundamental  character;  since,  as  already  shown 

^  20),  it  is  the  original  pabulum  at  the  expense  of  which  all  the  solid 

>issues  are  generated,  whilst  it  also  affords  the  material  for  the  production 

■f  the  fibrin,  the  globulin,  and  the  hfematin  of  the  blood  itself.  It 
ppeai-s,  however,  to  be  itself  entirely  destitute  of  formative  capacity  ;  for 

;  1  no  exudation  which  is  purely  serous,  do  we  ever  trace  the  slightest 
idication  of  organization;  and  its  conversion  into  the  various  kinds  of 
ssue,  therefore,  must  be  entirely  due  to  their  own  power  of  appropriating 
nd  transforming  it.*  The  great  function  of  the  Albumen  of  the  blood, 
len,  is  to  supply  the  material  for  these  various  transformations;  and 
e  accordingly  find  that  whatever  other  changes  the  fluid  may  undergo, 
hether  it  loses  its  fibrin  or  its  red  corpuscles,  or  both,  albumen  is  still 
resent  in  abundance.  Its  ultimate  source  is  to  be  found  in  the  food; 
ut  the  serous  liquid  which  percolates  the  tissues  of  the  body  may  be 
3oked  upon  as  a  reserve-store  to  be  drawn  upon  in  case  of  need,  furnish- 
ig  albumen  to  the  blood  when  it  might  otherwise  be  deficient ;  and  thus 
erhaps  it  is,  that  abstinence  or  repeated  losses  of  blood  do  not  produce 
be  degree  of  depression  in  the  proportion  of  albumen,  which  might  be 
^pected  from  the  very  marked  reduction  which  they  effect  in  that  of  the 
urpuscles.t  When  an  excess  of  Albuminous  matter  is  ingested  as  food, 
le  injurious  efiects  which  might  follow  the  too  great  augmentation  of 
ills  constituent  of  the  Blood,  appear  to  be  averted  by  the  readiness  with 
rliich  it  undergoes  retrograde  as  well  as  progressive  metamorj)hoses ;  for, 
l'  not  speedily  subjected  to  the  latter  change,  it  appears  to  be  affected  by 
ecomposing  agencies,  and  to  be  eliminated  fi-om  the  system  by  the 

->od,  and  which  yet  can  scarcely  be  supposed  to  be  rudimental  red-corpuscles  ;  and  that  if 
me  of  the  'colourless  corpuscles'  of  the  blood  be  looked  upon  as  instrumental  in  elaborating 

.  plastic  components,  whilst  others  are  on  the  march  of  development  into  red  corpuscles, 
seems  very  probable  that  the  same  depressing  influence  which  checks  the  latter  process 
ould  also  interfere  with  the  former,  and  that  thus  an  accumulation  of  colourless  corpuscles  in 
chectic  subjects  may  coincide  with  a  diminution  in  the  red,  and  at  the  same  time  with  an 
iperfect  elaboration  of  the  fibrin  of  their  blood. 

Those  who  maintain  that  Fibrin  is  the  only  organizablc  constituent  of  the  blood,  and 

'in.t  it  is  the  immediate  source  of  the  nutrition  of  the  tissues  generally,  consider  that  Albu- 
rn cannot  be  appropriated  by  the  tissues  without  first  passing  through  the  Condition  of 

Itrin.  This  doctrine,  formerly  contended  for  by  the  Author,  he  now  abandons  as  inconsistent 
ith  much  that  we  know  of  the  history  of  fibrin  and  of  its  destination  in  the  body  (§  192); 

nd  he  would  rest  upon  the  simple  fact,  that  the  first  development  of  the  embryonic  mass,  by 
10  multiplication  of  its  component  cells,  takes  place  in  a  fluid  in  which  nothing  analogous  to 
>nn  can  be  discovered,  as  showing  that  cells  are  able  to  draw  their  support  directly  from  an 
'"cminous  pabulum  ;  whilst  it  is  only  when  the  gelatinous  tissues  begin  to  be  formed  in  the 
ibryo,  that  we  find  its  blood  to  become  spontaneously  coagulable. 

f  It  is  to  be  remembered,  however,  that  the  whole  mass  of  the  blood  (liquid  as  well  as 
lid)  is  probably  reduced  under  these  circumstances;  it  having  been  found  by  the  experi- 
'■nts  of  Chossat  ("  Recherches  Experimentales  sur  Tlnanition  "),  that  when  animals  were 
Hed  by  starvation,  the  blood  lost  no  less  than  75  per  cent  of  its  weight,  whilst  the  average 
ss  of  the  whole  body  was  40  per  cent. 
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excretory  apparatus,  under  the  form  of  urinaiy  and  biliary  matter,  (See 
CHAP.  XII.)  As  already  pointed  out,  however,  although  Albumen  seems 
tt)  fm-nish  certain  constituents  of  secretions  which  are  applied  to  special 
purposes  within  the  body,  yet  its  passage  as  such  into  the  excretions  must 
be  looked  upon  as  quite  abnormal,  and  as  (so  to  speak)  a  mere  waste  of 
nutrient  material  (§  21). 

198.  The  Fatty  matters  of  the  Blood  are  obviously  destined  to  furnish 
the  contents  of  the  adipose  and  nervous  vesicles ;  whilst  their  presence 
seems  also  to  be  required  in  the  early  stages  of  the  production  of  cells 
generally  (§  42).  One  of  the  principal  som'ces  of  their  expenditm-e, 
however,  is  that  combustive  process  by  which  the  heat  of  the  body  is 
maintained;  and  the  amount  deposited  in  the  tissues  as  fat,  may  be 
looked  upon  as  the  surphis  of  the  quantity  ingested,  that  is  not  thus  con- 
sumed. The  quantity  of  fatty  matter  in  the  blood  is  liable  to  sudden 
augmentation,  from  the  introduction  of  a  large  quantity  furnished  at  once 
by  the  alimentaiy  material ;  and  this  excess  will  continue  until  the  sui-plus 
has  been  eliminated,  either  by  the  combustive,  the  nutritive,  or  the  excre- 
tory operations.  These  last  do  not  ordinarily  remove  the  saponifiable 
fats  from  the  body;  for  although  the  mammary  secretion  in  the  female 
draws  off  from  her  blood  a  large  quantity  of  fatty  matter,  this  is  destined 
not  for  its  purification,  but  for  the  nutrition  of  her  oflFspring ;  and  choles- 
terin  appeal's  to  be  the  only  fatty  substance  which  is  normally  excreted 
for  the  purpose  of  removing  it  from  the  body.  Fatty  mattei-s  are  often 
detectable  in  small  quantities  in  the  healthy  faeces,  where,  however,  their 
presence  may  be  attributed  to  the  non-absorption  of  a  portion  of  those 
which  the  food  had  included  ;  and  this  want  of  absorption  seems  especi- 
ally to  occur  in  cases  in  which  the  action  of  the  Pancreas  is  disturbed  by 
disease  of  that  organ.*  But  they  are  sometimes  discharged  in  such  large 
quantities,  that  it  is  scarcely  possible  thus  to  account  for  their  presence ; 
and  it  would  seem  that  they  must  have  been  poured  into  the  alimentaiy 
canal,  either  by  the  liver  or  by  some  other  excreting  oi'gan,  which  must 
have  drawn  them  off  from  the  blood.  It  does  not  seem  an  improbable 
surmise,  that  in  such  cases  there  may  be  an  extraordinary  tendency  to  the 
metamorphosis  of  albuminous  and  other  azotized  matters  (whether  fur- 
nished by  the  tissues  or  by  the  food)  into  fat  (§  40) ;  and  that  the  excre- 
tion of  this  substance  does  in  effect  tend  to  keep  down  their  proportion 
in  the  blood.  Their  occasional  extraordinary  accumulation  in  the  circur 
lating  fluid  (§  176)  tends  to  confirm  this  view;  for  it  appears  scarcely- 
possible  that  such  an  enormous  proportion  of  fat  could  have  been  derived 
from  the  food,  either  in  the  condition  of  fat,  or  in  that  of  a  saccharine 
compoimd  capable  of  being  converted  into  it. 

199.  All  the  other  Organic  compounds  which  have  been  distinctly 
recognized  in  the  blood,  or  of  whose  presence  in  the  circulating  cuiTent 
we  have  inferential  evidence, — sugar,  lactic  acid,  urea,  uric  acid,  hippuric 
acid,  creatine,  creatinine,  the  volatile  fatty  acids,  and  the  odorous  sub- 
stances,— are  to  be  considered,  not  as  in  any  way  subservient  to  those 
constructive  changes  in  which  Nutrition  properly  consists,  but  as  pi"0- 
ducts  of  the  retrograde  metamorphosis,  either  of  the  alimentaiy  mate- 
rials, or  of  the  tissues  themselves ;  and  as  on  their  way  to  be  eliminated 

*  See  Mr.  A.  Clark,  in  the  "Lancet"  for  Aug.  16,  1851. 
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'vom  the  blood,  either  by  the  respiratory  organs,  or  by  some  other  part  of 
,  ;iie  excretory  apparatus.  And  the  more  perfect  the  balance  between  the 
ictiou  of  this  apparatus,  and  the  operations  whereby  these  compounds 
ire  generated,  the  less  will  be  the  proportion  in  which  they  present  them- 
ielves  in  the  blood,  and  the  greater  will  be  the  difl&culty  in  detecting 
;  ;hem"  there. 

200.  The  uses  of  the  various  Inorganic  compounds,  which,  as  being 
mniformly  present  in  the  Blood,  must  be  considered  among  its  integral 
lonstituents,  are  not  as  yet  by  any  means  positively  known ;  yet  great 

Ivances  have  been  recently  made  towards  this  knowledge;  and  it  may 
c  pretty  certainly  affirmed,  that  the  presence  of  some  of  them  has 
•eference  to  the  peculiar  functions  and  conditions  of  the  blood  itself, 

.  A'hilst  others  are  chiefly  destined  for  appropriation  by  the  tissues  to 
vhose  gi'owth  it  ministers.    Thus  the  phosphate  and  carbonate  of  soda 

.  vould  seem  to  have  it  for  their  chief  purpose,  to  maintain  the  alkalinity  of 

,  he  blood,  on  which  its  other  properties  so  much  depend  (§  83),  and  to 
ncrease  the  absorptive  power  of  the  serum  for  gases  (§  84);  the  salts  of 
^otash,  on  the  other  hand,  appear  to  be  specially  required  for  the  nutrition 
if  muscular  tissue  (§  85);  whilst  the  presence  of  chloride  of  sodium  is 
leeded  alike  for  the  conservation  of  the  organic  elements  of  the  blood  in 

■  heir  normal  condition,  and  for  the  supply  of  the  salt  which  is  required 
s  a  component,  not  only  of  the  solid  tissues,  but  also  of  all  the  secreted 
liuds  (§  82).  The  presence  of  the  Earthy  salts,  on  the  other  hand,  would 
eem  to  have  reference  almost  exclusively  to  the  composition  of  the  tis- 
ues,  into  which  some  of  them  enter  very  largely.  The  phosphate  of  lime 
u  particular  must  be  regarded  almost  in  the  light  of  a  histogenetic  sub- 
tance,  so  constantly  does  it  seem  to  be  present  in  newly-forming  tissues ; 
vhilst  it  is  also  in  gTcat  demand  as  the  principal  consolidating  material  of 
one  and  tooth  (§  86).  Whether  the  carbonate  of  lime,  the  phosphate  of 
agnesia,  the  fluoride  of  calcium,  and  the  silica  of  the  blood,  are  of  any 
'ther  use  in  it  than  to  supply  consolidating  materials  for  the  tissues,  there 
at  present  no  evidence  whatever.  Iron,  like  the  alkaline  salts,  is  an 
-sential  constituent  of  the  blood  itself,  forming  a  very  large  per-centage 
'f  the  h£ematin  of  its  red  corpuscles ;  and  it  is  supplied  by  the  blood  to 
irious  tissues,  especially  the  muscles  and  the  hair,  of  which  also  it  may 
>e  considered  an  essential  component  (§  87). — The  normal  proportions  of 
11  these  substances  appear  to  be  chiefly  maintained  by  means  of  the 
xcretoiy  apparatus,  which  filters-off"  (so  to  speak)  any  surplus;  it  being 
'trough  the  urinary  organs  that  they  are  chiefly  eliminated.  And  it  is 
\-  them,  too,  that  the  normal  proportion  of  Water  in  the  blood  is  chiefly 
laintained;  the  Malpighian  apparatus  of  the  kidneys  apparently  acting 
s  a  kind  of  safety-valve,  through  which  any  sm-plus  that  remains  after 
lie  cutaneous,  pulmonary,  and  intestinal  exhalants  have  performed  their 
l)propriate  duties,  is  allowed  to  make  its  escape, 

201.  It  is  not  alone  by  the  proper  Excretory  apparatus,  however,  that 
lie  fitness  of  the  Blood  for  circulation  through  the  body  is  maintained, 
ivery  tissue  draws  from  the  circulating  fluid  some  particular  material,  or 
ombination  of  materials,  which  constitutes  its  own  special  23abidu')n;  and 
s  the  'pabulum'  of  each  tissue  is  different,  it  follows  that  the  normal  com- 
osition  of  the  blood  can  only  be  preserved,  without  waste  of  substance,  by 
ic  existence  of  such  a  balance  between  the  appropriative  action  of  the 
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several  parts,  as  shall  cause  a  certain  equivalent  of  blood  to  supply,  with- 
out deficieucy  or  surplus,  the  materials  which  they  collectively  require. 
Sach  a  balance  is,  in  fact,  ordinarily  preserved;  and  its  maintenance 
is  one  of  the  most  marvellous  of  those  exemplifications  of  Design, 
which  the  vital  economy  of  the  body  presents  in  no  less  a  degi-ee  than  its 
organized  structure ;  an  exemplification,  however,  which  becomes  yet  more 
marvellous,  when  it  is  shown  that  not  only  every  kind  of  tissue,  but 
eveiy  spot  of  every  organ,  has  its  own  special  'pabidum;'  drawing  some- 
thing from  the  blood,  which  is  different  from  that  appropriated  by  eveiy 
other  part  of  the  body,  save  by  the  corresponding  spot  on  the  opposite 
side.  This  position  seems  ftiUy  established  by  the  researches  of  Dr.  W. 
Budd  and  of  Mr.  Paget  on  '  Symmeti'ical  Diseases'*  the  phenomena  of 
which  are  full  of  interest,  as  illustrating  the  ordinary  operations  of  Nutri- 
tion. Excluding  the  cases  of  congenital  symmetrical  defects,  and  a  few 
which  seem  to  depend  on  morbid  influence  of  the  nervous  system,  it  may 
be  stated  as  a  general  fact,  that  all  symmetrical  diseases  depend  on  the 
pi'esence  of  some  morbid  material  in  the  blood,  which  usually  enters  into 
combination  with  the  tissue  that  is  diseased,  or  with  the  organized  pro- 
duct of  the  morbid  process.  Such  a  substance  fastens  upon  certain  spots 
or  islands  on  one  side  of  the  body,  leaving  the  surrounding  parts  unaf- 
fected ;  and  precisely  similar  spots  or  islands  are  affected  in  like  manner 
on  the  other  side.  The  conclusion  seems  unavoidable,  that,  however 
closely  one  portion  of  skin  or  bone  may  seem  to  resemble  another,  the 
only  parts  that  are  exactly  alike  ai'e  those  which  repeat  eacli  other  sym- 
metrically on  the  opposite  sides  of  the  body;  foi',  although  no  power  of 
ai'tificial  chemistiy  may  determine  the  difference,  the  chemistiy  of  the 
living  body  makes  it  evident,  the  morbid  material  testing-out  the  pai-ts 
for  which  it  has  the  greatest  afiinity,  uniting  with  these  alone,  and  passing 
by  the  rest.  It  is  continually  obsei'vable,  moreover  (as  Mr.  Paget  has 
remarked),  that  a  poison  of  the  same  kind  will  attack  corresponding  spots, 
not  merely  on  the  two  sides  of  a  single  individual,  but  also  on  the  two 
sides  of  any  others  who  may  have  imbibed  it  into  their  systems.  Thus 
the  syphilitic  poison  has  its  '  seats  of  election '  when  it  begins  to  attack 
the  bones,  fixing  upon  certain  parts  of  the  tibise  and  of  the  skull  with 
gTcat  uniformity;  and  in  the  Hunterian  Museum  are  the  pelves  of  two 
lions,  on  both  of  which  new  osseous  deposit  has  taken  place  (as  the  pro- 
duct of  some  disease  resembling  rheumatism  in  man)  in  a  most  complex 
and  irregulai'  pattern,  this  being  so  similar  in  the  two,  that  almost  eveiy 
spot  and  line  of  the  one  is  represented  in  the  other,  with  an  exactness  only 
inferior  to  the  symmetrical  correspondence  between  the  two  sides  of 
each.t  It  has  been  further  pointed  out  by  Dr.  W.  Budd,  as  indicated  by  the 
phenomena  of  these  diseases,  that  next  to  the  parts  which  are  symmetri- 
cally placed,  none  are  so  nearly  identical  in  composition  as  those  which 
are  analogous,  such  as  the  corresponding  parts  of  the  superior  and  inferior 
extremities. — All  these  facts  tend  to  demonstrate  the  perfect  and  most 
minute  exactness  of  the  adaptation  which  must  exist  in  the  state  of  health 
between  the  blood  and  all  the  tissues,  as-vs-ell  as  the  almost  inconceivable 
minuteness  of  the  departure  from  this  adaptation  which  may  become  a, 

*  See  their  original  Essaj's  on  this  subject  in  the  "  Med.-Chir.  Trans."  vol.  xxv. 
+  See  Mr.  P.iget's  'Lectures  on  Nutrition,  &c.'  in  the  "Medical  Gazette"  for  184/; 
Lect.  I. 


ITS  VITAL  PROPERTIES,  AND  RELATIONS  TO  THE  LIVING  ORGANISM.  195 


.ourcc  of  disease ;  and  it  is  a  sure  indication  of  the  safety  with  which  we 
nav  found  such  inferences  upon  them,  that  the  phenomena  of  symmetri- 
al  disease  are  most  distinct,  when  the  disordered  action  is  most  conform- 
ble,  as  to  its  character  and  its  rate,  to  the  normal  nutrition  of  the 
tructure ;  it  being  in  diseases  which  (though  dependent  upon  a  poison 
a  the  blood) .  are  of  an  inflammatory  or  other  violent  nature,  that  the 
\ymmetry  of  the  morbid  change  is  least  obvious. 
202.  Thus,  then,  we  are  led  to  the  conclusion,  that,  as  Treviranus 
hrased  it,  "each  single  part  of  the  body,  in  respect  of  its  nutrition, 
;inds  to  the  whole  body  in  the  relation  of  an  excreted  substance;"  or,  in 
t  her  words,  each  part  of  the  body,  by  taking  from  the  blood  the  peculiar 
ibstances  which  it  needs  for  its  own  nutrition,  does  thereby  act  as  an 
vcretory  organ,  inasmuch  as  it  removes  from  the  blood  that  which,  if 
)tained  in  it,  would  be  injurious  to  the  nutrition  of  the  body  generally, 
hus,  the  phosphates  which  are  deposited  in  our  bones,  are  as  effectually 
ccreted  from  the  blood,  and  as  completely  prevented  from  acting  inju- 
ously  on  other  tissues,  as  those  which  are  dischai'ged  with  the  urine. — 
he  applications  of  this  doctrine  have  been  greatly  extended  by  Mr, 
H'et,  who  has  given  the  following  among  other  examples  of  its  bearing 
;  on  the  general  relations  between  the  blood  and  the  tissues.    The  hairy 
n'ering  may  be  considered  to  serve,  over  and  above  its  local  purposes, 
r  the  removal  of  certain  components  of  the  blood,  which  would  be  inju- 
()us  to  its  constitution  if  they  remained  and  accumulated  in  it;  and 
;cordingly  we  do  not  find  that  its  development  is  delayed,  until  near  the 
n-iod  when  its  protection  will  be  required;  for  a  complete  coat  (the 
imgo  of  the  human  foetus)  is  formed  in  the  foetus  of  mammals  generally, 
hilst  they  are  still  within  the  uterus,  removed  from  all  those  conditions 
gainst  which  hair  is  a  defence;  and  this  coat  is  shed  very  soon  after 
rth,  being  replaced  by  another  of  wholly  different  colour,  the  growth  of 
hich  had  begun  within  the  uterus.    The  same  'principle  leads  to  the 
)prehension  of  the  true  import  of  the  hair  which  exists  in  a  kind  of 
idimeutal  state  on  the  general  surface  of  our  bodies ;  and  thence  to  the 
al  meaning  of  the  existence  of  other  organs  which  permanently  remain 
a  rudimental  state,  such  as  the  mammary  glands  of  the  male.    For,  as 
r.  Paget  justly  remarks  (loc.  cit.)  "  these  rudimental  organs  certainly  do 
)t  serve,  in  a  lower  degree,  the  same  purposes  as  are  served  by  the 
)mologous  parts  which  are  completely  developed  in  other  species,  or  in 
e  other  sex.    To  say  they  are  useless,  is  contrary  to  all  we  know  of  the 
.solute  perfection  and  all-pervading  purpose  of  creation;  to  say  they 
ist  merely  for  the  sake  of  conformity  to  a  general  type  of  structure,  is 
rely  unphilosophical,  for  the  law  of  unity  of  organic  types  is,  in  larger 
itances,  not  obsei-ved,  except  when  its  observance  contributes  to  the 
vantage  of  the  individual.    No :  all  these  rudimental  organs  must,  as 
3y  grow,  be  as  excretions  serving  a  definite  purpose  in  the  economy,  by 
noving  their  appropriate  materials  from  the  blood,  thus  leaving  it  fitter 
•  the  nutrition  of  other  parts,  or  adjusting  the  balance  which  might 
lerwise  be  disturbed  by  the  formation  of  some  other  part.    Thus  they 
iiister  to  the  self-interest  of  the  individual ;  while,  as  if  for  the  sake  of 
uder,  beauty,  and  perfect  order,  they  are  conformed  with  the  great  law 
unity  of  organic  types,  and  concur  with  the  universal  plan  observed  in 
)  construction  of  organic  beings." 
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203.  But  further,  it  has  been  ah-eady  pointed  out  (§  120)  that  the 
presence  of  a  certain  substance  in  the  Blood,  appears  to  determine  the 
formation  of  the  tissue  of  which  that  substance  is  the  ap])ropriate  pabu- 
lum.   And  thus,  as  the  abstraction  of  the  material  required  for  each  part 
leaves  the  blood  in  a  state  fitted  for  the  nutrition  of  other  parts,  it  seems 
to  follow,  as  Mr.  Paget  has  further  remarked  (Op.  cit.  Lect.  ii.),  that 
such  a  mutual  dependence  exists  amongst  the  several  parts  and  organs  of 
the  body,  as  causes  the  evolution  of  one  to  supply  the  conditions  requisite 
for  the  production  of  another;  and  hence,  that  the  order  in  which  the 
several  organs  of  the  body  appear  in  the  course  of  development,  while  it 
is  conformable  to  the  law  of  imitation  of  the  parent,  and  to  the  law  of 
progressive  ascent  towards  the  higher  grade  of  being,  is  yet  the  immediate 
I'esult  of  changes  efiected  in  the  condition  of  the  blood  by  the  antecedent 
operations.    And  this  view  is  confirmed  by  many  circumstances  which 
indicate,  that  certain  organs  really  do  stand  in  such  a  coniplemental  rela- 
tion to  one  another  as  it  implies ;  a  large  class  of  facts  of  this  order  being 
supplied  by  the  history  of  the  evolution  of  the  generative  apparatus,  aud 
by  that  of  the  concurrent  changes  in  other  organs  (especially  the  tegu- 
mentaiy)  which  are  found  to  be  dependent  upon  it,  although  there  is  no 
direct  functional  relation  between  them.    Thus,  the  gi'owth  of  the  beard 
in  man  at  the  period  of  puberty,  is  but  a  type  of  a  much  more  important 
cliange  which  takes  place  in  many  animals  with  every  recurrence  of  the 
pci'iod  of  generative  activity.    This  is  most  obvious  in  birds,  whose  plu- 
mage, at  the  commencement  of  the  breeding  season,  becomes  (especially 
in  the  male)  more  highly  coloured,  besides  being  aiigmented  by  the 
growth  of  new  feathers ;  but  when  the  sexual  organs  pass  into  their  state 
of  periodic  atrophy,  the  plumage  at  once  begins  to  assume  a  paler  and 
more  sombre  hue,  and  many  of  the  feathers  are  usually  cast,  their  nutri- 
tion being  no  longer  kept  up.    It  is  a  matter  of  common  observation,  that 
the  deficiency  of  hair  on  the  face  (where  this  is  not,  as  among  the  Asiatics, 
a  character  of  race)  is  usually  concurrent  with  a  low  amount  of  generative 
power  in  the  male,  and  may  be  considered  as  indicative  of  it ;  whilst,  on 
the  other  hand,  the  presence  of  hair  on  the  upper  lip  and  chin  of  the 
female  is  indicative  of  a  tendency  in  the  general  organization  and  mental 
character  towards  the  attributes  of  the  male,  and  of  a  deficiency  in  those 
which  are  typical  of  the  female.    If,  moreover,  the  development  of  the 
male  organs  be  prevented,  the  evohition  of  the  beard  does  not  take  place; 
whilst  the  cessation  or  the  absence  of  activity  in  the  female  organs  is  often 
attended  by  a  strong  growth  of  hair  on  the  face,  as  well  as  by  other 
changes  that  may  be  attributed  to  the  presence  of  some  special  nutritive 
material  in  the  blood,  for  which  there  is  no  longer  any  other  demand. 
This,  again,  shows  itself  yet  more  strongly  in  Birds ;  among  which  {a- 
Hunter  long  since  pointed  out*)  it  is  no  uncommon  occurrence  for  the 
female,  after  ceasing  to  lay,  to  assume  the  plumage  of  the  male,  and  even 
to  acquire  other  characteristic  parts,  as  the  spurs  in  the  fowl  trioe. 
Moreover,  it  has  been  ascertained  by  the  experiments  of  Sir  Philip  Eger- 
ton,  that  if  a  buck  be  castrated  while  his  antlers  are  growing  and  stiU 
covered  with  the  '  velvet,'  their  growth  is  checked,  they  remain  as  if  trun- 

*  '  Account  of  an  Extraordinary  Pheasant,'  in  "  Hunter's  "Works,"  Palmer's  edit.  vol.  i'^- 
p.  44. 
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>  3ated,  and  irreg-ulai'  nodides  of  bone  project  from  their  surfaces ;  whilst, 
f  the  castration  be  performed  when  the  antlers  are  full  grown,  these  are 
hed  neai'ly  as  usual  at  the  end  of  the  season,  but  in  the  next  season  are 
uly  replaced  by  a  kind  of  low  conical  stumps. 
204.  That  these  and  similar  changes  in  the  development  of  organs  are 
Lumediately  determined  by  the  condition  of  the  circulating  fluid,  that  is, 
iy  the  presence  or  absence  of  the  appropriate  '  pabulum'  for  the  parts  in 
■  uestion,  would  further  seem  likely  from  the  fact,  that  they  may  be  arti- 
icially  induced  by  circumstances  which  directly  affect  the  condition  of 
lie  blood.    This  has  been  shown  by  Mr.  Yarrell,*  in  regard  to  the  as- 

j  lunption  of  the  male  plumage  by  the  female ;  and  a  still  more  remarkable 
.ud  satisfactory  proof  is  furnished  by  the  conversion  of  the  '  worker' 
lU-va  of  the  Bee  into  a  perfect  '  queen,'  solely  through  a  change  of  diet.t 
\Lnd  thus  we  are  led  to  feel  that  Mr.  Paget's  doctrine  of  '  complementary 
lutrition,'  whilst  it  has  the  advantage  of  grouping  together  a  great  num- 
-er  of  phenomena  which  would  otherwise  seem  to  be  unrelated  to  each 
'ther,  really  possesses  a  definite  foundation  in  well-known  and  uuiversally- 
(Imitted  facts,  which  can  scarcely  be  viewed  in  any  other  light.  To  use 
lis  own  expression  of  it,  "  the  development  of  each  organ  or  system, 
t)-operating  with  the  self-development  of  the  blood,  prepares  it  for  the 

,  ormation  of  some  other  organ  or  system,  till,  by  the  successive  changes 
bus  produced,  and  by  its  own  development  and  increase,  the  blood  is 
ted  for  the  maintenance  and  nutrition  of  the  completed  organism." 
I'oQ.  further,  "where  two  or  more  organs  are  manifestly  connected  in 
luti'ition,  and  not  connected  in  the  exercise  of  any  external  office,  their 
ounection  is  because  one  is  partly  formed  of  materials  left  in  the  blood 
'v  the  formation  of  the  other;  so  that  each,  at  the  same  time  that  it 
ischarges  its  own  proper  and  external  ofiice,  maintains  the  blood  in  the 
ijndition  most  favom^able  to  the  development  of  the  other." 

20-5.  Thus,  then,  the  precise  condition  of  the  Blood  at  any  one  time 
s  dependent  upon  a  vast  variety  of  antecedent  circumstances,  and  can 
carcely.be  the  same  at  any  two  periods  of  life.  Yet  we  find  that,  taken 
s  a  whole,  it  exhibits  such  a  remarkable  constancy  in  its  leading  features, 

J hat  we  can  scarcely  fail  to  recognize  in  it  some  such  capacity  for  self- 
levelopment  and  maintenance,  as  that  which  the  solid  tissues  are  admitted 
o  possess.    And  this  idea  may  be  thought  less  strange,  when  it  is  borne 
n  mind  that  the  first  blood  is  formed  by  the  liquefaction  of  the  primordial 
ells  of  the  embiyo,  and  that,  notwithstanding  the  continual  change  in  its 
■lOmponents,  it  still  retains  its  identity  through  life,  in  no  less  a  degree 
shan  a  limb  or  an  eye,  the  material  changes  in  which,  though  less  rapid, 
>:re  not  less  complete.    Looking,  again,  to  the  undoubted  vitality  of  the 
"iorpuscles,  and  to  the  strong  ground  for  regarding  the  Fibrin  also  as  an 
^Tstrument  of  vital  force,  we  cannot  but  perceive  that  the  Life  of  the 
«>lood  is  as  legitimate  a  phrase,  and  ought  to  carry  as  much  meaning  in 
as  the  Life  of  a  Muscle.    And  as  the  one  has  a  period  of  growth, 
evelopment,  and  decline,  so  must  the  other. — This  view  is  borne  out,  not 
lerely  by  those  palpable  differences  in  the  composition  of  the  blood  at 
Uffereut  ages,  which  are  detectable  by  our  rude  methods  of  examination; 

•  "  Philosophical  Transactions,"  1827. 

t  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  §  60. 
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but  also  by  those  alterations  in  the  tendency  to  particular  constitutional 
diseases,  which  at  the  same  time  mark  the  advance  of  life,  and  indicate 
minute  and  otherwise  inappreciable  alterations  in  the  circulating  fluid. 
For  it  is  obvious  that  since  the  poison  of  small-pox,  for  example,  less 
readily  produces  its  characteristic  '  zymosis'  in  the  blood  of  the  adidt 
than  it  does  in  that  of  the  child,  the  latter  must  differ  from  the  former, 
either  in  composition  or  in  vital  endowments ;  and  that  since  the  tendency 
to  'fatty  degeneration'  of  the  tissues  generally  shows  itself  in  a  far  stronger 
degree  in  the  aged  person  than  in  the  adult,  this  is  likely  to  be  in  part 
owing  to  the  condition  of  the  blood,  in  which,  according  to  the  observa- 
tions of  Becquerel  and  Rodier,  there  is  a  decided  and  progressive  increase 
of  cholesterin  after  the  age  of  40  or  50  years. 

206.  Thus,  then,  we  seem  justified  in  the  belief  that  the  Blood,  like  the 
solid  tissues,  has  a  formative  power  of  its  own,  which  it  exerts  in  the 
appropriation  of  the  new  material  supplied  to  it  from  the  food ;  and  that, 
like  all  the  other  parts  descended  from  the  component  cells  of  the  ger- 
minal mass,  it  goes  through  a  succession  of  phases,  which  are  partly  the 
cause,  and  partly  the  effect,  of  developmental  changes  in  the  organism 
generally.    So  long  as  the  operations  of  Nutrition  ai-e  normally  caiTied 
on,  the  materials  that  are  withdrawn  by  the  several  parts  of  the  body 
may  be  considered  so  far  to  balance  one  another,  that  no  ivaste  is  incm-red 
from  this  source ;  and  if  the  amount  of  new  matter  introduced  be  merely 
the  equivalent  of  that  which  is  reqnired  for  the  nutritive  operations, 
nothing  else  will  occasion  a  demand  for  elimination,  save  the  products  of 
the  disintegration  of  the  tissues,  which  are  received  back  into  the  blood 
for  this  purpose.    But  it  must  be  very  rarely  that  this  balance  is  pre- 
cisely maintained  for  any  length  of  time,  since  a  multitude  of  circum- 
stances are  continually  occurring  to  derange  it;  the  most  frequent,  per- 
haps, being  the  ingestion  of  certain  nutritive  materials  in  greater  quan- 
tity than  they  ai'e  required.    And  we  then  find  that  the  organs  take  upon 
themselves  a  supplemental  action  for  the  removal  of  the  superfuity;  the 
kidneys  being  especially  charged  with  this  duty  in  the  case  of  azotized 
and  saline  matters,  and  the  liver  and  lungs  in  regard  to  hydrocai'bonaceous 
substances.    It  is  obviously  of  importance,  however,  to  overtask  these 
organs  as  httle  as  possible ;  and  when  such  superfltdty  is  becoming  a 
som-ce  of  disease,  the  obvious  treatment  is  rather  to  prevent  it  from  being 
tlu'own  upon  them  for  separation,  by  diminishing  the  supply  of  ahmeut 
generally,  or  of  some  pai'ticular  article  of  diet,  than  to  excite  them  to  in- 
creased activity  by  stimulating  medicines. 

207.  The  self-maintaining  power  of  the  Blood  is  yet  more  shown  in  the 
phenomena  of  Disease ;  and  especially  in  its  spontaneous  recovery  of  its 
normal  condition,  after  the  most  serious  peiyersions  ;  as  we  see  more  piu'- 
ticulai-ly  in  febrile  diseases  of  definite  type  (such,  for  example,  as  the 
Exanthemata,  Typhoid,  Typhus,  &c.),  of  whose  origin  in  the  introduction 
of  specific  poisons  into  the  blood,  there  is  no  reasonable  ground  for 
doubt.  In  studying  the  mode  in  which  these  and  other  '  morbid  poisons' 
act  upon  the  blood,  and  through  it  upon  the  system  at  large,  we  may 
derive  important  assistance  from  a  previous  inquiry  into  the  history  of 
the  action  of  those  poisonous  agents,  wliich,  fr-om  then-  being  more  readily 
traceable  by  chemical  analysis,  can  be  more  satisfactorily  made  out.  Such 
an  inquiry  has  a  most  important  bearing,  also,  on  the  modm  operandi  of 
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medicines. — The  operation  of  medicinal  or  poisonous  substances  for  the 
most  part  depends  upon  the  power  whicli  they  possess,  when  introduced 
into  the  cmrent  of  the  circulation,  of  effecting  some  determinate  change 
in  the  chemical  and  thereby  in  the  vital  condition,  either  of  the  compo- 
nents of  tlie  blood,  or  of  some  one  or  more  of  the  tissues  which  it  nou- 
rishes ;  and  their  determination  to  some  special  part  or  organ  must  be 
attributed  to  the  same  kind  of  elective  affinity,  as  that  by  whicli  the 
normal  constituents  of  the  blood  are  so  determined  (§  201).  Now  of 
neai'ly  all  these  substances  it  may  be  said,  thart  the  system,  if  left  to  itself, 
tends  to  free  itself  from  them,  provided  time  is  allowed  for  it  to  do  so ; 
and  that,  when  death  results  from  their  introduction  into  it,  the  fatal 
result  is  to  be  attributed  to  the  fact,  that  the  disorganization  of  structure 
and  distm-bance  of  fimction  ai'e  too  rapid  and  violent,  to  allow  the  elimi- 
nating processes  to  be  set  in  efficient  operation.  When  smaller  doses  are 
taken,  their  effects  ai-e  evanescent,  unless  the  abnormal  action  to  which 
they  may  have  given  rise  is  of  a  kind  to  perpetuate  itself ;  *  and  their  cessa- 
tion is  obviously  attributable  to  the  removal  of  the  agent  from  the  system, 
whereby  the  continuance  of  its  deleterious  agency  is  prevented.  Of  this 
removal,  we  have  of  coiurse  the  most  satisfactory  evidence  in  the  case  of 
those  substances,  which  can  be  detected  by  ordinary  chemical  tests  in  the 
excretions.  Thus,  as  a  general  rule,  alkaline,  and  earthy  salts  that  have 
been  absorbed  into  the  blood,  are  discharged  in  the  urinary  secretion, 
which  is  itself  increased  in  amount,  showing  that  their  action  is  specially 
determined  towards  the  kidneys.  So,  again,  arsenic,  tartarized  antimony, 
and  a  variety  of  other  metallic  substances,  have  also  been  detected  in  the 
m-ine,  for  some  days  after  they  have  been  ingested;  showing  lhat  their 
ehmination  is  a  work  of  time.  On  the  other  hand,  the  salts  of  copper 
appear  rather  to  be  removed  from  the  blood  by  the  liver,  and  also  by  the 
bronchial  secretion.  And  lead,  which  passes  pff  but  little  by  the  ordinary 
excretions,  is  withdi'awn  from  the  circulation  by  various  tissues  and 
organs,  but  particularly  by  certain  parts  of  the  muscular  apparatus,  with 
the  substance  of  which  it  becomes  incorporated,  producing  a  most  inju- 
rious influence  upon  its  vital  endowments,  t — The  only  exception  to  the 
general  rule  above  stated,  seems  to  be  in  the  case  of  those  medicines, 
which  have  what  is  called  a  '  cumulative'  tendency  ;  this  tendency  being, 
in  fact,  simply  the  result  of  their  want  of  stimulating  influence  upon  the 
excretory  organs,  whose  functional  activity  is  rather  impeded  than  pro- 
moted by  them.  This  is  pre-eminently  the  case  in  regard  to  lead,  which 
is  probably  the  most  cumulative  poison  with  which  we  are  acquainted  j  its 
continual  introduction  in  doses  of  even  extreme  minuteness  being  capable, 
if  sufficiently  prolonged,  of  causing  the  most  serious  disturbance  m  almost 
every  function  in  the  economy.  Even  here,  it  is  rather  in  the  tissues, 
th  an  in  the  blood,  that  it  accumulates, — as  is  indicated  by  a  variety  of 
facts,  but  more  especially  by  the  difficulty  with  which  it  is  eliminated 
from  the  system  by  means  that  would  be  probably  effectual  in  removing 
it  from  the  circulating  cm'rent ; — and  thus  we  see  that,  in  default  of  other 

*  Such  a  perpetuation  is  seen  in  the  chronic  inflammation,  thickening,  and  contraction,  of 
the  cesophageal  walls,  consequent  upon  the  deglutition  of  strong  acids  and  caustic  alkalies. 

t  This  has  been  shown  by  the  analyses  of  M.  Devergie  (see  the  "  Traite  des  Maladies  de 
Plomb,"  of  M.  Tanquerel,  torn.  ii.  pp.  401-6),  and  of  Prof.  Miller  (see  Dr.  W.  Budd's  essay 
on  '  The  Symmetry  of  Disease,'  in  the  "  Medico- Chirurgical  Transactions,"  vol.  xxv. 
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provision  for  maintaining  the  pui'ity  of  the  blood,  the  whole  body  (so  to 
speak)  acts  as  an  excretory  apparatus,  and  draws  into  itself  the  noxious 
substance. 

208.  There  is  a  large  number  of  cases,  moreover,  in  which,  although 
the  poisonous  or  medicinal  substances  cannot  be  traced  in  the  excretions 
by  chemical  tests,  their  effects,  when  moderate  doses  have  been  taken, 
pass  off  so  completely,  that  there  can  be  no  doubt  of  their  not  being  any 
longer  present,  as  such,  in  the  system;  and  the  substances  of  this  class 
are  of  a  nature  and  composition  which  render  them  peculiarly  susceptible 
of  change,  when  subjected  to  the  influences  which  they  will  encounter, 
in  the  living  body,  and  more  especially  when  exposed  in  a  state  of  very 
fine  division  to  the  agency  of  oxygen.    A  familiar  exemplification  of  this 
mode  of  elimination  of  poisons  is  fiu-nished  by  the  transient  duration  of 
the  effects  of  a  dose  of  alcohol,  even  when  this  is  large  enough  to  produce 
insensibility ;  recovery  from  them  being  merely  a  question  of  time,  pro- 
vided that  the  state  of  torpor,  produced  by  the  action  of  this  poison  on 
the  centre  of  the  respii'atory  movements,  be  not  so  profound  as  to  occa- 
sion Asphyxia,  or  that  death  do  not  result  (as  sometimes  happens  when 
the  poison  is  taken  in  a  state  of  concentration)  from  the  immediate 
shock  to  the  neiTOUs  system.    Now  the  quantity  of  alcohol  which  passes 
off  by  the  ordinary  excretions  is  extremely  slight;  in  fact,  this  substance 
can  seldom  be  detected  in  them.    But  there  can  be  no  reasonable  doubt 
that  the  elimination  of  the  alcohol  is  due  to  its  oxidation  whilst  passing 
through  the  circulating  system,  so  that  it  is  excreted  by  the  kmg-s  in  the 
form  of  carbonic  acid  and  water;  and  if  confirmation  of  this  view  were 
needed,  it'  is  afforded  by  the  tolerance  of  large  doses  of  alcohol,  which  is 
shown  when  it  is  subjected  with  peculiar  rapidity  to  the  combustive 
operation,  as  during  continued  exposure  to  severe  cold  or  prolonged 
muscular  exertion,  or  in  the  exhaustion  of  wasting  diseases  when  no  other 
combustive  matei-ial  remains  in  the  body.    The  same  explanation  is 
obviously  applicable  to  the  parallel  phenomena,  which  present  themselves 
in  the  action  of  opium,  strychnia,  prussic  acid,  &c.    With  all  these,  also, 
the  question  of  life  or  death  is  one  of  time ;  for  if  the  fatal  residt  do  not 
speedily  follow  the  absoi-ption  of  the  poison  into  the  blood,  the  patient 
gradually  recovers  from  its  effects;  and  the  most  effectual  treatment 
consists  in  the  ai'tificial  maintenance  of  the  respiratory  movements,  which 
the  influence  of  these  poisons  upon  the  nervous  centres  might  otherwise 
suspend.    These  poisons  cannot  be  detected  in  the  circulating  fluid  by 
their  sensible  or  chemical  chai'acters,  if  a  short  interval  has  elapsed  sub- 
sequently to  their  absorption;  thus  it  has  been  found  by  Dr.  Lonsdale 
that  the  odour  of  prussic  acid  cannot  be  perceived  in  the  blood  or  in  the 
cavities,  when  life  had  been  prolonged  beyond  15  minutes,  although, 
when  death  took  place  within  a  shorter  time,  the  poison  might  be 
detected  in  the  body  by  its  odour  alone  for  eight  or  nine  days  afterwards ; 
and  the  presence  of  morphia  ceases  to  be  recognizable  by  the  ordinaiy 
chemical  tests,  within  a  shoi-t  time  after  it  has  been  taken  into  the 
circulating  current. — Even  with  regard  to  certain  poisons  of  this  unsta- 
ble class,  however,  there  is  evidence  that  they  pass  into  the  urine  and  are 
thus  elimimited,  without  undergoing  any  change  that  impairs  their  phy- 
siological action;  this  evidence  being  afforded  by  the  effects  of  the  re- 
ingcstion  of  the  urine,  cither  by  the  individuals  themselves,  or  by  others. 


ITS  VITAL  PEOPERTIES,  AND  RELATIONS  TO  THE  LIVING  ORGANISM.  201 

1  very  curious  example  of  this  kind  is  afforded  by  the  intoxicating 
fungus,  Amanita  muscaria,  which  is  used  by  some  of  the  inhabitants  of 
he  north-eastern  parts  of  Asia  in  the  same  manner  as  alcoholic  liquors 
i\'  other  nations.  Its  effects,  like  those  of  other  excitants,  have  a  limited 
luration;  for  a  man  who  is  intoxicated  by  it  one  day,  'sleeps  himself 
.>ber '  by  the  next.  His  restoration  is  due,  however,  not  to  his  repose, 
but  to  the  elimination  of  the  poison  which  takes  place  during  the  inter- 
val ;  for  if  he  drink  a  cup  of  his  urine  the  next  morning,  he  is  yet  more 
powerfully  intoxicated  than  he  was  the  preceding  day ;  and  the  fluid  has 
the  same  effect  iipon  any  other  individual,  into  whose  urine  the  active 
principle  then  passes  j  so  that,  according  to  the  testimony  of  travellers, 
rhe  intoxicating  agent  may  be  transmitted  in  this  manner  through  five 
or  six'  persons,  a  small  stock  at  the  commencement  thus  serving  to 
maintain  a  week's  debauch.  Results  of  the  same  order  have  been  ob- 
tained by  Dr.  Letheby  in  regard  to  opium,  belladonna,  hemlock,  aconite, 
'\:c. ;  the  passage  of  these  substances  into  the  urine  being  proved  by  the 
induction  of  their  characteristic  effects,  when  that  fluid  was  administered 
to  other  animals.  It  is  probable  that,  as  in  the  case  of  lactic  acid 
(§  49),  the  appearance  of  these  substances  in  the  urine  is  due  to  their 
presence  in  the  blood  in  such  quantity,  that  the  oxidizing  process  does 
not  promote  their  elimination  through  the  lungs  with  sufficient  ra- 
pidity. 

209.  Between  the  substances  which  admittedly  rank  as  poisons,  and 
those  which  are  reckoned  as  materies  morhorum,  no  definite  line  of  demar- 
cation can  be  di-awn;  and  the  train  of  symptoms  produced  by  the 
operation  of  the  former,  is  really  as  much  a  disease  as  that  which  results 
from  the  presence  of  the  latter.    The  connection  is,  in  fact,  established, 
by  those  '  animal  poisons '  which  are  the  result  of  decomposition  either 
within  or  without  the  body;  such  as  that  of  the  j  pustule  maligne,'  or  of 
the  flesh  of  animals  suffering  under  disease,  on  the  one  hand,  or  the 
'  cheese-poison,'  '  sausage-poison,'  &c.  on  the  other. — It  may  be  admitted 
that  our  behef  in  a  specific  material  cause  for  a  great  part  of  the  effects 
-'t  down  to  the  action  of  'morbid  poisons,'  is  merely  inferential ;  and  there 
:ire  many  persons,  to  whom  their  exhibition  in  a  tangible  form  seems  to 
afford  the  only  convincing  evidence  of  their  existence.    But  it  must  be 
i  emembered  that  the  evidence  of  chemistry  itself  is  often  purely  inferen- 
tial j  for  we  recognize  the  presence  of  a  chemical  substance,  not  merely 
by  obtaining  it  in  a  separate  form,  but  by  witnessing  the  reactions  which 
i  t  displays  with  various  tests ;  and  there  is  one  substance,  fluorine,  which 
iKis  never  yet  been  isolated,  and  of  whose  existence,  however,  no  chemist 
would  hint  a  doubt.    Now  it  is  the  human  body  which  forms  the  appro- 
I  >riate  testing-apparatus  of  '  morbid  poisons ;'  and  even  if  we  could  always 
"Ijtain  them  in  a  separate  state,  and  could  subject  them  to  chemical 
analysis,  we  should  know  much  less  of  their  most  important  properties, 
tiian  that  which  we  can  ascertain  by  observation  of  their  actions  in  the 
ystem  j  this  alone  affording  the  means  of  judging  of  their  dynamical  cha- 
'  iicter,  which  is  of  far  more  importance  than  a  knowledge  of  their  chemical 
'■omposition.    In  the  case  of  those  poisons  which  are  capable  of  beino- 
utroduced  by  inoculation,  we  have,  indeed,  the  required  proof  of  their 
material  existence;  and  this  proof  is  capable  of  being  extended  by  a  safe 
uialogy  to  infectious  diseases  generally.    For,  if  smaU-pox  can  be  com- 
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muuicated  by  the  inhalation  of  an  atmosphere  tainted  with  the  exhala- 
tions of  a  person  already  affected  with  it,  as  well  as  by  the  introduction 
of  the  fluid  of  the  ciitaneoiis  pustule  into  the  blood  of  another,  it  can 
scarcely  admit  of  a  question,  that  the  same  poisonous  agent  is  trans- 
mitted in  both  cases,  although  through  diiferent  media,  and  that  it  has 
as  real  an  existence  in  the  transferred  air,  as  in  the  transfen-ed  pus. 
Diseases,  then,  which  are  capable  of  being  transmitted  in  both  these 
methods,  form  the  connecting  link  between  those  resulting  from  ordinary 
toxic  agents,  and  those  which  must  be  assumed  to  depend  upon  a  subtle 
poison,  of  which  the  air  alone  is  the  vehicle, — such,  for  example,  as 
malarious  fevers ;  this  assumption  being  required  by  all  the  rules  of  logic, 
as  the  only  one  which  will  account  for  the  phenomena  to  be  explained, 
and  therefore  possessing  a  claim  to  be  accounted  an  almost  certain  truth. 
There  is  a  strongly  marked  difference,  however,  between  the  modm 
02:>erandi  of  the  toxic  agents  whose  action  has  been  previously  examined, 
and  that  of  the  morbid  poisons  we  are  now  considering ;  for  whilst  the 
former  possess  a  certain  definite  action,  the  intensity  of  which  {cceteris 
paribus)  is  proportionate  to  the  quantity  that  is  in  operation,  and  which 
is  tisually  determined,  in  vu-tue  of  the  '■  elective  affinity '  ah'eady  spoken 
of,  to  some  pai'tioular  organ  or  tissue, — the  latter  act  primarily  upon  the 
blood,  influencing  the  system  at  lai'ge  throvigh  the  changes  which  they 
produce  in  its  constitution,  and  their  potency  depends  rather  upon  the 
susceptibility  of  the  blood  to  their  peculiar  influence,  than  upon  the  quan- 
tity of  the  poison  that  may  be  introduced  into  it. 

210.  Of  the  existence  of  such  susceptibility,  as  a  'predisposing  cause' 
of  Zymotic  *  disease,  there  cannot  be  the  slightest  doulat.  In  the  case  of 
the  Exanthemata  and  Hooping-cough,  we  see  that  it  is  congenital,  and  is 
usually  removed  by  the  occm'rence  of  one  attack  of  the  disease  (although 
this  is  not  a  uniform  protection)  ;  but  the  liability  even  to  these  vaiies 
greatly  in  different  individuals,  and  at  different  times  in  the  same  indivi- 
dual. And  with  regard  to  other  zymotic  diseases,  the  liability  to  which 
is  not  thus  limited,  all  extended  observation  concurs  in  showing  that  it  is 
augmented  by  anything  which  tends  to  depress  the  vital  powders  of  the 
system,  and  more  particidarly  by  any  cause  which  obstructs  the  due  puri- 
fication of  the  blood,  by  the  elimination  of  the  products  of  decomposition. 
Thus,  it  will  be  shown  hereafter  (chap,  x.),  that  no  antecedent  condition 
has  been  found  so  efficacious  in  augmenting  the  fatality  of  Cholera,  as 
overcrowding;  which  compels  those  who  are  subjected  to  it,  to  be  con- 
stantly breathing  an  atmosphere  not  only  charged  with  carbonic  acid,  but 
laden  with  putrescent  emanations ;  and  which  thus  favom's  the  accumu- 
lation of  decomposing  matter  in  the  blood,  which  serves  as  the  most 
appropriate  soil  for  the  seeds  of  the  disease.  And  what  is  true  of  Choleni 
has  been  found  to  be  true  of  Zymotic  diseases  in  general ;  the  very  samo 
fermentible  matter  in  the  blood  serving  for  the  development  of  almost 
any  kind  of  zymotic  jjoison  that  may  be  received  into  the  system,  whether 
from  the  atmosphere,  or  from  the  bodies  of  those  w^ho  have  already  been 
subjects  of  the  disease.  —  Now  that  what  has  been  here  spoken  of  as 

*  The  term  zymotic  is  a  very  convenient  designation,  which  has  of  late  gained  general 
currency,  for  that  class  of  diseases  whose  phenomena  may  be  attributed  to  the  operation  I't 
a  morbid  poison  of  the  nature  described  above  ;  this  operation  bearing  a  strong  analogy  t 
that  of '  ferments.' 
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•  fermeiitible  matter'  is  not  a  mere  hypothetical  entity,  but  has  a  real 
material  existence,  appears  from  this  consideration ;  that  in  all  those 
conditions  of  the  system  in  which  we  know  that  decomposition  is  going 
on  to  an  unusual  extent,  and  in  which  there  is  a  marked  tendency  to 
putrescence  in  the  excreted  matters,  we  witness  such  a  peculiar  liability 
;o  zymotic  diseases,  as  clearly  indicates  that  the  state  of  the  blood  is 
peculiarly  favourable  to  the  action  of  the  zymotic  poison.  This  is  pre- 
eminently the  case  in  the  puerperal  state,  in  which  the  tissue  of  the 
uterus  is  undergoing  rapid  disintegration,  its  vital  force  having  been 
.'xpeuded  (§  110)  ;  for  there  is  now  abundant  evidence,  that  the  contact 
of  decomposing  matters  which  would  be  innocuous  at  other  times,  is 
capable  of  so  acting  upon  the  blood  of  the  parturient  female,  as  to  induce 
that  most  fatal  zymosis  which  is  known  as  '  puerperal  fever.'  *  And  her 
[leculiar  liability  is  in  no  respect  more  manifest  than  in  this ;  that  the 
poison  by  which  she  is  affected  may  have  lain  dormant  for  weeks  or 
months,  for  want  of  an  appropriate  nidus,  and  will  yet  exhibit  its  full 
potency  on  the  very  first  case  in  which  opportunity  may  be  given  for  its 
iuti'oduction  into  the  system  of  a  puerperal  patient.t  The  same  kind  of 
liabihty  is  displayed  in  the  subjects  of  severe  injiu-ies,  among  whom,  also, 
there  is  not  only  a  depression  of  the  vital  powers,  but  also  a  special 
source  of  decomposing  matter  in  the  system ;  for  there  is  evidence  that 

•  sm-gical  fever'  may  be  induced  in  them  by  the  introduction  of  a  zymotic 
poison  derived  jfrom  a  variety  of  external  sources  (amongst  others,  from 
patients  affected  with  puerperal  fever),  such  as  would  have  no  effect  upon 
a  healthy  subject;  and,  moreover,  that  overcrowding  in  hospitals  has  a 
special  tendency  to  increase  this  liability.;}:  So,  again,  an  excess  of  mus- 
cular exertion,  producing  an  unusual  '  waste '  of  tissue,  especially  when 
the  elimination  of  the  products  of  this  waste  is  interfered  with  by 
imperfect  respiration,  is  well  known  to  engend§r  a  peculiar  liabihty  to 
zymotic  disease ;  and  this,  too,  finds  its  explanation  in  the  same  prin- 
>'iple.§  —  Thus,  then,  we  may  affirm  with  strong  confidence,  that  the 
liabihty  to  zymotic  disease  depends  upon  the  previous  condition  of  the 
blood  ;  and  more  especially  on  the  presence  of  fermentible  matters  result- 
ing from  the  ordinary  processes  of  disintegration,  which,  in  the  state  of 
jjerfect  health,  are  eliminated  as  fast  as  they  are  formed,  but  of  which 

*  For  a  most  marked  and  convincing  example  of  this  kind,  see  Dr.  Routh's  paper  on  '  The 
'  ausesof  the  Endemic  Puerperal  Fever  of  Vienna,'  in  the  "  Medico-Chirurgical  Transac- 
tions," vol.  xxxii.  p.  27. — That  the  poison  which  developes  puerperal  fever,  may  be  conveyed 
trom  patients  labouring  under  almost  any  other  form  of  Zymotic  disease  tending  to  putres- 
<^(-'nce,  that  is  propagable  by  contact, — such  as  scarlatina,  small-pox,  or  erysipelas, — is  now 
the  general  opinion  of  most  practitioners  who  have  paid  special  attention  to  the  subject. 

t  This  is  shown  by  the  instances,  unhappily  of  no  unfrequent  occurrence,  in  which  practi- 
tioners who  have  unfortunately  become  the  vehicles  of  the  puerperal  poison,  and  have  conveyed 
It  to  several  patients  in  succession,  have  experienced  the  same  direful  results  immediately  on 
resuming  obstetric  attendance,  after  a  lengthened  interval  of  suspension  from  it,  and  even 
from  professional  employment  of  every  kind. 

+  See  Prof.  Simpson  '  On  the  Analogy  between  Puerperal  and  Surgical  Fever,'  in  the 
■'Edinb.  Monthly  Journ."  vol.  xi.  p.  414;  and  vol.  xiii.  p.  72. 

_  §  It  is  well  known  to  Indian  Medical  Officers,  that  tlie  liability  to  Fever,  Dysentery, 
Cholera,  &c.  is  very  much  increased  durimj,  and  for  some  time  aflei\  a  severe  inarcii.    For  a 
very  striking  ex.ample  of  the  influence  of  this  condition,  concurrently  with  overcrowdimr,  in 
producing  a  terrible  augmentation  in  the  fatality  of  Cholera,  see  "  Brit,  and  For.  Med  -ciiir 
Hcv."  vol.  ii.  pp.  80-90. 
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an  accumulation  is  prone  to  take  ]5lacej  eitlier  when  there  are  special 
sources  of  an  augmented  production,  or  when  the  excretory  operations 
are  imperfectly  performed.  And  it  would  fiu'ther  appear,  that  the  con- 
tinued accumulation  of  such  matters  may  itself  become  a  source  of 
certain  forms  of  Zymotic  disease,  which  may  thus  originate  de  novo  in  the 
system,  and  which  may  thence  be  propagated  to  other  individuals  in  some 
of  the  modes  already  specified ;  of  this  we  have  notable  examples  in 
hydrophobia,  erysipelas,  and  the  '  pustule  maligne.' 

211.  It  is  not  only,  however,  in  the  class  of  Zymotic  diseases,  that  we 
seem  distinctly  able  to  trace  the  operation  of  morbid  poisons  cii'culatiug 
in  the  blood ;  for  there  are  numerous  other  maladies,  of  whose  origin  in  a 
like  condition  there  can  be  no  reasonable  doubt;  and  these  are  in  some 
respects  more  closely  analogous  than  the  preceding,  to  the  disordered 
states  induced  by  the  introduction  of  toxic  agents.  For  in  those  of 
which  we  have  now  to  speak,  the  action  is  destitute  of  any  analogy  to 
fermentation,  and  its  potency  is  strictly  proportionate,  in  each  case,  to 
the  amount  of  the  dose  that  is  in  operation.  Here,  too,  we  have  a  con- 
necting Hnk  afforded  by  those  disordered  states  of  the  system,  which 
depend  upon  an  undue  accumulation  of  poisons  normally  generated 
within  it,  in  consequence  of  some  obstacle  to  their  elimination.  Thus, 
the  train  of  symptoms  which  is  consequent  upon  the  retention  of  m-ea  in 
the  blood,  so  much  resembles  that  occasioned  by  the  ingestion  of  opium, 
as  to  have  actually  been  mistaken  for  it ;  and  is  as  true  an  instance  of 
'  poisoning,'  as  if  urea  had  been  injected  into  the  blood-vessels.  So,  in 
the  asphyxia,  which  is  produced  by  any  obstruction  to  the  extrication  of 
carbonic  acid  through  the  lungs,  the  subject  of  it  is  as  much  'poisoned,' 
as  if  he  had  inhaled  carbonic  acid  fi-om  without.  Again,  the  retention  of 
the  uric  acid,  bihary  matter,  lactic  acid,  and  other  substances  which  are 
normal  products  of  the  waste  or  disintegration  of  the  body,  is  capable  of 
becoming  a  source  of  morbid  action  in  the  system  generally;  and  the 
evil  is  of  com'se  increased,  when  (as  frequently  happens)  augmented  pro- 
duction is  concurrent  with  imperfect  elimination.  But  perversions  of  the 
ordinary  disintegrating  processes  are  also  far  from  being  uncommon, 
whereby,  instead  of  the  svibstances  already  referred  to,  other  products  arc 
engendered,  whose  presence  in  the  cii'culating  ciuTent  gives  rise  to  trains 
of  symptoms  altogether  different.  Of  this  class  we  seem  to  have  an 
example  in  gout  and  rheumatism ;  the  materies  morbi  of  which  diseases, 
though  probably  not  identical  with  lithic  and  lactic  acids,  would  seem  to 
be  formed  from  the  decomposing  matters  which  might  normall}'^  have 
generated  them.  There  can  be  no  doubt,  again,  that  many  chi'oiiic 
diseases  of  nutrition  are  attributable  to  a  similar  cause;  this  being  indi- 
cated by  the  symmetrical  mode  in  which  they  affect  the  pai'ticiilai*  parts 
whose  condition  is  altered  (§  201). 

212.  In  all  cases,  therefore,  one  of  the  first  questions  which  the  intel- 
ligent Practitioner  will  feel  called  upon  to  decide,  is,  whether  the  malady 
he  has  to  treat  have  its  origin  in  the  blood,  or  in  a  disorder  purely  local; 
and,  if  he  feel  justified  in  refei'ring  it  to  the  blood,  whether  it  merely 
depend  upon  an  alteration  in  the  proportion  of  its  normal  constituents, 
as  in  plethora  and  simple  anaemia,  or  whether  its  phenomena  imply  the 
presence  of  some  toxic  substance  in  the  circulating  fluid. — If  the  former 
be  his  conclusion,  he  has  then  to  endoavour  to  rectify  the  excess  or  the 
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deficiency,  by  reducing  the  former,  or  by  supplying  the  latter ;  as  when 
he  bleeds  and  prescribes  low  diet  for  plethora,  and.  employs  iron  and 
o-euerous  living  in  anasmia.  But  it  is  his  duty  to  take  care  that  his  means 
are  appropriate  to  his  ends;  and  especially  to  abstain,  when  endeavouring 
to  draw  off  an  excess  of  one  constituent,  from  doing  serious  injury  by 
reducing  another  which  may  be  already  below  par,  and  of  which  the 
presence  may  be  essential  to  enable  the  system  to  resist  the  further  pro- 
gress of  the  malady.  Thus,  as  we  have  seen,  blood-letting  has  no  decided 
effect  in  lowering  the  proportion  of  fibrin  in  the  blood,  whilst  it  has  a 
most  direct  influence  in  reducing  the  number  of  red  corpuscles;  and 
there  can  be  little  doubt  that  the  too-copious  venesection  which  was 
formerly  practised  almost  indiscriminately  in  acute  inflammations,  had  a 
most  decided  influence  in  postponing  the  final  recovery  from  them,  whilst 
it  had  often  but  a  doubtful  efficacy  in  subduing  the  first  violence  of  the 
disease.  As  a  general  rule  it  may  be  stated,  that  general  blood-letting  is 
likely  to  be  rather  injurious  than  beneficial  in  toxic  inflammations,  in 
which  the  vitality  of  the  blood  as  a  whole  is  decidedly  lowered,  notwith- 
standing the  large  increase  in  the  proportion  of  fibrin;  and  to  this  rule, 
the  results  of  careful  and  extended  observation  have  recently  shown  that 
Rheumatism  is  seldom  to  be  considered  an  exception,  notwithstanding 
that  this  disease  was  formerly  considered  to  be  one  of  those,  in  which  the 
eflicacy  of  copious  depletion  was  most  undoubted.  —  In  diseases  of  toxic 
origin,  the  treatment  must  be  conducted  upon  principles  exactly  the 
same  as  those  by  which  the  practitioner  would  be  guided  in  his  treat- 
ment of  a  case  of  ordinary  poisoning ;  but  as  regards  the  two  classes  into 
which  it  has  been  shown  that  these  maladies  may  be  divided,  a  difference 
must  be  made  in  their  application. 

213.  The  '  morbid  poisons'  of  our  second  class  (§211)  are  distin- 
guished by  this,  that  there  is  a  continual  new  generation  of  them  within 
the  system;  and  the  first  indication  of  treatment,  therefore,  will  be  to 
check  their  formation,  so  far  as  this  may  be  possible.  This  is  the 
rationale  of  the  dietetic  and  regiminal  treatment  of  the  lithic,  lactic,  and 
oxalic  diatheses,  of  lepra  and  psoriasis,  of  chronic  gout  and  rheumatism,  and 
many  other  chronic  diseases  of  toxic  origin. — Secondly,  we  should  endeav- 
om-  to  destroy  or  neutralize  the  poison,  if  we  have  any  remedies  which 
possess  such  an  action  upon  it.  Perhaps  the  curative  influence  of  arsenic 
in  some  of  the  chronic  skin-diseases,  is  one  of  the  best  examples  of  this 
kind ;  but  it  must  be  admitted  that  such  direct  '  antidotes '  to  morbid 
poisons  are  very  few  in  number. — Thirdly,  where  we  cannot  thus  destroy 
the  poison,  we  must  endeavour  to  moderate  its  auction  upon  the  system ; 
this  is  the  rationale  of  palliative  treatment  of  every  description,  in 
which  the  fons  et  origo  of  the  malady  is  left  unchanged. — But  fourthly, 
our  main  object  must  be  to  eliminate  the  poison  from  the  system  as 
rapidly  as  possible,  by  the  various  channels  of  excretion ;  acting  upon 
these  by  remedies  which  will  increase  their  activity,  or  which  will  so  alter 
the  condition  of  the  morbific  matter,  as  to  enable  it  to  be  more  readily 
drawn-off.  The  judgment  of  the  well-informed  practitioner,  in  the  treat- 
ment of  diseases  of  this  class,  is  more  shown  in  his  discriminative  selection 
of  the  best  means  of  thus  aiding  the  Blood  to  regain  its  normal  purity, 
than  in  any  more  apparently  'heroic  measures';  and  a  candid  review  of 
the  most  approved  systems  of  treatment  for  diseases  of  the  typo  here 
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alluded  to,  will  show  that  the  ratio  of  their  efficacy  is  in  accordance  with 
that  of  their  harmony  with  the  above  indications. 

214.  In  the  toxic  diseases  of  the  zymotic  class,  in  most  of  which  the 
poison  is  introduced  from  without,  the  course  of  the  morbid  phenomena 
to  which  it  gives  rise  is  usually  more  definite  and  specific,  and  its  dura- 
tion more  limited.  There  is  no  som-ce  within  the  system,  whence  a  new 
supply  of  the  poison  is  continually  arising;  and  its  operation  ceases, 
therefore,  as  soon  as  it  is  entii-ely  eliminated  from  the  system.  But  there 
is  this  i^eculiarity  in  the  action  of  many  of  the  poisons  in  question,  that 
they  have  the  power  of  multiplying  themselves  within  the  body ;  thus,  for 
example,  when  smaU-pox  has  been  communicated  by  the  inoculation  of  an 
excessively  minute  portion  of  the  virus,  hundreds  or  thousands  of  pus- 
tules are  generated,  each  of  them  chai'ged  vrith  a  poison  equally  potent 
with  that  fi'om  which  they  originated.  It  is  to  this  multiplication,  that 
the  extension  of  zymotic  diseases,  by  communication  between  individuals 
affected  with  them  and  healthy  subjects,  is  chiefly  due ;  and  the  question 
of  the  'contagion'  or  'non-contagion'  of  any  particular  disease  of  this  class, 
is,  therefore,  essentially  that  of  the  multiplication  or  non-multiphcation 
of  the  poison  in  the  human  body.  This  multijjlication  of  certain  zymotic 
poisons  is  a  yet  stronger  point  of  analogy  to  the  action  of  ferments,  than 
that  which  is  afforded  by  the  violence  of  the  changes  they  induce,  when 
compared  with  the  amount  in  operation.  Some  of  these  poisons  are  of 
such  potency,  that,  in  however  minute  a  quantity  they  are  introduced, 
they  will  change  the  whole  mass  of  the  blood  in  a  few  minutes;  and  wiU 
act  indiscriminately  on  aU  individiials  alike ;  this  is  the  case,  for  example, 
with  the  venom  of  serpents.  On  the  other  hand,  there  are  many(as  ah-eady 
remarked)  which  seem  to  require  the  presence  of  some  special  fermentible 
matter  in  the  blood  (§  210).  And  between  these  might  probably  be 
established  a  regular  gi-adation, — from  those  most  '  pernicious  '  forms  of 
malarious  poison  which  derive  their  potency  from  the  intensity  of  vege- 
table decomposition  under  the  influence  of  a  high  temperatiu'e,  and  those 
'  malignant '  types  of  typhoid  poison  which  owe  their  sjDecial  intensity  to 
animal  putrescence  engendered  by  filth  and  overcrowding,  both  of  these 
attacking  a  very  large  proportion  of  those  who  are  exposed  to  them, — to 
those  milder  forms  of  zymotic  poisons,  which,  though  derived  from  the 
same  soiu-ces  with  the  preceding,  act  with  so  much  less  of  uniformity 
upon  different  individuals,  that  we  can  scarcely  fail  to  recognize,  as  a 

'  predisposing  cause  '  or  rather  as  a  necessary  concurrent  condition,  the 
presence  of  some  readily-decomposable  matter  in  the  blood.  The  long- 
continued  action  of  these  poisons,  in  their  milder  forms,  seems  itself 
capable  of  inducing  this  condition ;  thus,  a  healthy  person  who  settles  in 
an  aguish  country,  may  remain  free  fi'om  intermittent  fever  for  a  con- 
siderable time,  but  his  health  gradually  deteriorates,  and  at  last  he 
becomes  the  subject  of  the  disease,  which  would  have  much  earlier 
attacked  him  if  his  blood  had  been  brought  into  the  '  fermentible '  state 
by  irregularity  of  diet,  over-exertion,  &c. ;  and  the  same  may  be  observed 
in  the  case  of  those  long  exposed  to  the  poison  of  typhoid  or  other  fevers, 
which  specially  locates  itself  in  animal  miasmata,  if  not  actually  engen- 
dered by  them. 

215.  In  some  of  the  diseases  of  this  class,  the  change  in  the  qualities 
of  the  blood  produced  by  the  introduction  of  the  poison,  is  such  as  to 
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i^ive  it  a  morbid  action  on  certain  organs  or  tissues  only ;  their  pheno- 
mena in  this  respect  corresponding  with  those  of  ordinary  jDoisons,  and  of 
the  toxic  diseases  previously  noticed.    Such  may  be  said  of  hydi'ophobia, 
vaccinia,  gonorrhoea,  primary  syj)hilis,  &c.,  in  which  the  general  functions 
iif  the  body  are  disturbed  chiefly  or  solely  through  the  local  disorder, 
lint, 'in  other  cases,  we  find  that  the  contamination  of  the  blood  is  such  as 
ro  produce  more  or  less  disturbance  in  all  the  functions ;  as  we  especially 
w  itness  in  the  severer  forms  of  fever,  in  poisoning  by  venomous  serpents, 
A  C.    Even  in  this  last  class  of  cases,  however,  a  special  determination  to 
(Hie  organ  or  system  is  frequently  obvious ;  and  this  may  either  be  so 
I  (instant  as  to  be  characteristic  of  the  disease,  which  is  the  case  with  the 
skin-affection  in  the  Exanthemata;  or  it  may  be  chiefly  directed  by  the 
[previous  condition  of  the  patient's  system,  that  organ  or  tissue  (amongst 
those  on  wliich  the  poison  is  capable  of  acting)  being  most  affected,  whose 
[previous  nutrition  was  least  healthy,  as  appears  in  the  variety  of  local 
iftections  that  are  developed  dm-ing  an  epidemic  Influenza,    This  local 
lotermination  may  fi-equently  be  regarded  as  one  of  the  means  whereby 
he  blood  and  the  system  at  large  are  freed  from  the  action  of  the  poison; 
if  this  we  have  a  most  characteristic  example  in  the  Exanthemata.  For 
t  is  a  matter  of  constant  observation,  that  constitutional  symptoms,  espe- 
•ially  the  fever  and  delirium,  are  most  severe  before  the  cutaneous  erup- 
ion  comes  out;  that  there  is  much  greater  danger  to  life,  when  the 
'•uption  does  not  develope  itself  fully ;  and  that  its  premature  repres- 
on  induces  a  retm-n  of  the  severer  constitutional  affection.    It  may  be 
ihjected  to  this  general  statement,  that,  as  the  severity  of  smaU-pox 
-uaUy  bears  a  constant  ratio  to  the  amount  of  the  cutaneous  eruption, 
liis  cannot  be  regarded  as  relieving  the  blood  of  a  poisonous  impregna- 
ion;  but  it  is  to  be  borne  in  mind,  on  the  one  hand,  that  the  confluence 
•f  the  pustules  gi*eatly  impedes  the  normal  functions  of  the  skin,  whereby 
he  constitutional  disturbance  is  most  seriously'aggTavated,  their  suspen- 
ion,  if  complete,  being  itself  adequate  to  destroy  life ;  and  besides  this, 
he  excessive  development  of  the  eruption  is  an  indication  that  the  poison 
lua  either  possessed  an  extraordinary  potency,  or  has  found  within  the 
ilood  a  material  peculiarly  favourable  for  its  development.    A  similar 
xample  of  a  local  affection,  apparently  originating  in  an  eliminative 
ietermination  of  the  poison  to  a  particular  organ,  but  sometimes  increas- 
tig  to  such  an  extent  as  itself  to  become  a  serious  and  even  fatal  lesion, 
afforded  by  the  inflammation  and  ulceration  of  the  Peyerian  glandulse 
'1  various  zymotic  diseases.* 

216.  In  nearly  all  the  toxic  diseases  of  this  class,  there  is  a  natural 
endency  to  the  self-elimination  of  the  poison  and  of  the  products  of  its 
otion  on  the  blood,  either  by  the  operation  of  the  ordinary  excretory 
igans,  or  by  the  peculiar  local  actions  just  adverted  to;  and  this  process 
akes  place  in  many  instances  with  such  regularity,  that  the  time  which  it 
vill  require  maybe  almost  exactly  predicted.  There  is  not,  in  fact,  a  more 
markable  indication  of  the  '  Life  of  the  Blood,'  than  is  afibrded  by  its 
■>  traordinary  power  of  self-recovery,  after  having  undergone  the  excessive 
'■rversion  which  is  consequent  upon  the  introduction  of  the  more  potent 
■  motic  poisons;  and  every  philosophical  physician  is  ready  to  admit,  that 

*  See  Dr.  Williams's  "  Principles  of  Medicine,"  2nd  edit.  p.  248. 
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it  is  to  this  '  vis  medicatrix  naturae,'  rather  than  to  any  remedial  agency 
which  it  is  in  his  power  to  apply,  that  he  must  look  for  the  restoration  i.f 
his  patient.    The  very  natiu^e  of  the  action  of  zymotic  poisons  upon  the 
blood,  seems  to  forbid  the  expectation  of  om-  being  able  to  neutralize  (n- 
check  that  action  by  antidotes;  and  the  objects  of  treatment  wholly  lie, 
therefore,  in  promoting  the  ehmination  of  the  morbific  matters  thus 
engendered,  in  keeping-under  any  dangerous  excess  of  local  action,  and  in 
supporting  the  system  during  the  continiiance  of  the  malady.    In  a  lar. 
proportion  of  zymotic  diseases,  it  is  probable  that  the  oxidation  of  ti 
morbific  matter  by  the  aeration  of  the  blood,  is  the  chief  means  of  i 
removal ;  and  it  is  accordant  with  this  view,  that  the  encoiu-agement 
the  respiratory  fimction,  both  pulmonary  and  cutaneous,  by  a  pure  ai 
cool  atmosphere,  and  by  keeping  the  skin  moist  (either  by  the  adjninistr.i 
tion  of  diaphoretic  medicines  or  by  external  applications)  should  be  found 
one  of  the  most  efficient  means  of  promoting  recovery.*    Whilst  mild 
purgatives  may  be  employed  with  advantage  for  the  same  end,  in  tlic 
earlier  stages  of  these  diseases,  care  must  be  taken  that  the  system  be  not 
too  much  debilitated  by  their  action;  and  the  same  caution  must  l)e 
observed  Avith  regard  to  the  use  of  local  depletion  or  counter-irritation, 
for  the  piu'jjose  of  siibduing  the  violence  of  some  local  affection.    In  feci, 
the  general  tendency  of  these  diseases  to  the  adynamic  type,  seems  tn 
inchoate  that,  however  beneficial  the  immediate  results  of  reducing  ti'eat- 
ment  may  appear  to  be,  its  remote  effects  are  much  to  be  di'eaded.  And 
when  the  residts  of  a  large  and  varied  experience '  are  brought  together, 
the  Author  believes  that  those  will  be  found  most  satisfactoiy,  in  which 
the  treatment  has  been  moderately  evacuant,  and  early  sustentative.t 


CHAPTER  V. 

OF  THE  PRIMARY  TISSUES  OF  THE  HUMAN  BODY  ;  THEIR 
STRUCTURE,  COMPOSITION,  AND  ACTIONS. 

217.  The  elementary  Cells,  Membranes,  and  Fibres,  of  which  a  general 
description  has  been  given  in  a  preceding  chapter,  are  combined  with  each 
other  in  various  modes,  and  are  subjected  to  various  metamorphoses,  ^ 
form  those  different  types  of  Organic  Structui-e,  to  which  the  name  ' 
Primary  Tissues  is  given.  These  may  be  seen  to  evolve  themselves  gi'adu- 
ally  from  that  homogeneous  mass  of  cells,  of  which  the  fabric  of  the 
embryo  is  originally  composed ;  each  tissue  becoming  more  xmlike  the 
rest  in  structure  and  properties,  as  it  advances  in  its  development;  but 
yet  presenting,  even  in  its  most  complete  and  perfected  state,  no  endow 

*  Dr.  Daniell,  whose  long  familiarity  with  the  most  pernicious  forms  of  African  fever,  an  i 
with  the  various  modes  of  treatment  which  have  been  put  in  practice  for  its  cure,  glve^ 
most  decided  preference  to  the  sudorific  system  in  vogue  among  the  natives,  as  havmtr 
vast  superiority  over  tlie  venesections,  saline  purgatives,  and  large  doses  of  calomel,  wtn' 
most  European  practitioners  have  em  ployed.  Sec  his  "  Sketches  of  the  Medical  Topograi'i 
and  Native  Diseases  of  the  Gulf  of  Guinea,"  p.  120. 

+  On  the  subject  of  the  latter  portion  of  this  section,  the  treatise  of  the  late  Dr.  Roi" 
Williams  on  "Morbid  Poisons,"  and  the  "  Principles  of  Medicine"  of  Dr.  Charles  J. 
Williams,  maj'  be  studied  with  great  advantage. 
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luents  which  are  not  referable  to  those  of  the  simj)le  primordial  cells 
from  which  it  originated.  By  this  developmental  pi'ocess,  in  fact,  a  struc- 
tiu'e  is  formed,  in  which  every  separate  part  has  a  distinct  oflB.ce  to  per- 
form; and  it  is  this  complete  'specialization,'  or  'division  of  laboiu-,'  which 
coustitntes  the  highest  degree  of  organization.  In  every  such  fabric,  how- 
evef ,  each  pai't  lives,  not  only  for  itself,  but  also  for  eveiy  other  part ;  for 
this  very  specialization,  whilst  it  involves  the  increase  of  some  particular 
form  of  vital  endowment,  involves  also  the  decrease  of  others  (§  113);  and 
hence  it  comes  to  pass,  that  the  sum  of  the  operations  necessary  for  the 
maintenance  of  the  life  of  even  a  single  cell,  in  the  conditions  amidst  which 
Man  is  placed,  can  only  be  performed  by  the  totality  of  his  entire  organ- 
ism, all  the  parts  of  which  are  mutually  dependent  upon  one  another. 
Thus,  the  life  of  his  Nervo-Muscular  apparatus,  which  may  be  considered 
as  the  most  essential  part  of  his  fabric,  cannot  be  sustained  except  by 
nutritive  material  prepai'ed  and  conveyed  to  it  by  the  organs  of  Digestion 
and  Circulation,  and  would  soon  cease  if  provision  were  not  also  made 
for  conveying  away  the  products  of  its  disintegration,  by  the  various 
iustraments  of  Excretion;  whilst,  on  the  other  hand,  the  appropriation, 
preparation,  and  ingestion  of  food,  the  sustenance  of  the  respu-atory 
changes,  and  many  other  actions  essential  to  the  jDreparation  and  puri- 
fication of  the  iKihulxim  of  the  Nervo-Muscular  ajDj^aiutus,  require  the 
assistance  of  movements  which  it  alone  is  competent  to  execute. — As  the 
properties  which  the  Primary  Tissues  possess  in  common  have  been 
;th'eady  considered  (chap,  hi.),  we  have  now  to  inquire  into  those  by 
Avhich  they  are  severally  distingTiished ;  and  to  trace  out,  so  far  as  may 
he,  the  mode  in  which  their  special  types  of  structure  and  endowment 
ire  respectively  evolved,  from  those  more  general  forms  in  which  they 
aU  originate. 

218.  In  a  purely  anatomical  classification,  the  order  in  which  these 
Tissues  would  be  most  appropriately  arranged,*  wt)uld  doubtless  be  that  of 
then-  relation  to  the  primitive  types  already  described;  but  such  a  classi- 
fication, strictly  followed  out,  would  involve  so  many  physiological  incon- 
gruities, as  to  render  it  unsuitable  to  our  present  purpose.  For  the 
paii;icular  ofl&ce  which  each  tissue  performs  in  the  vital  economy,  depends, 
not  upon  its  own  structure  and  endowments  alone,  but  upon  its  position 
m  reference  to  that  of  others;  and  thus,  if  we  grouped  together  all  the 
tissues  consisting  of  unaltered  cells,  we  should  find  a  certain  set  adapted  to 
introduce  nourishment  into  the  blood  from  the  contents  of  the  alimentary 
canal,  in  virtue  of  their  position,  and  of  their  inherent  power  of  selection 
uid  appropriation ;  whilst  another  set,  di'a wing  a  similar  material  out  of 
tl>e  blood,  converts  it  into  a  portion  of  the  solid  fabric;  and  a  third,  by  the 
exercise  of  the  very  same  powers,  removes  from  the  cu'culating  fluid  the  final 
products  of  the  retrogTade  metamorphosis  of  the  histogenetic  siibstances, 
tnd  pom-s  them  back  (it  may  be)  into  the  very  cavity  from  which  those 
substances  were  originally  di-awn. — If,  on  the  other  hand,  we  were  to 
'consider  these  Tissues  in  their  lyhysiological  aspect  only,  as  the  instru- 
ments of  so  many  distinct  classes  of  operations,  which  all  concur  in  the 
inamtenance  of  the  general  life  of  the  organism,  we  might  be  led  to  attach 
•^^00  little  importance  to  their  fundamental  relations  to  each  other  and  to 
the  primitive  forms  out  of  which  they  are  developed.  Hence  it  will  be 
itdvisable,  in  this  as  in  a  former  instance  (chap,  n.),  to  adopt  a  mixed 
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classification,  which  may,  so  far  as  iDracticable,  serve  both  purposes;  and 
the  Pi'imary  Tissues  of  the  Human  Body  will  be  arranged,  therefore,  under 
the  following  heads. 

I.  The  iSim2)le  Fibrous  Tissues,  including  the  elementarj^  forms  known 
as  the  'white'  and  'yellow'  fibrous  tissues,  and  the  various  combinations 
and  arrangements  of  these,  which  are  known  as  Areolar  or  '  connective' 
tissue.  Tendons,  Ligaments,  Aponeuroses,  &c. ;  all  servmg  purposes  of 
a  purely  mechanical  natm-e. 

II.  The  Fibro-Cellular.  Memhranes,  which  ai'e  composite  stmctm-es, 
made  up  of  textui'es  formed  by  interwoven  fibres,  of  simple  basement- 
membrane  covering  the  sm'face  of  these,  and  of  one  or  more  layers  of  cells 
upon  the  free  surface  of  the  basement-membrane;  such  are  the  Skin 
investing  the  exterior  of  the  body,  the  Mucous  Membranes  which  are 
prolonged  from  the  skin  tlii'ough  all  its  open  cavities,  and  the  Serous  and 
Synovial  Membranes  which  hne  the  closed  cavities.  With  the  Skin  it 
will  obviously  be  proper  to  consider  the  '  epidermic  appendages,'  namely 
the  Hair  and  Nails ;  whilst  with  the  Mucous  Membranes,  the  Glandular 
ajjparatus  is  no  less  natiu-ally  connected. 

III.  Those  purely  Cellular  Tissues,  which  form  part  of  the  interior 
fabric;  of  these  the  Adipose  and  the  Cartilaginous  are  the  types. 

IV.  The  '  sclerous '  tissues.  Bones  and  Teeth,  which  are  composed  of  an 
animal  basis  that  is  pai-tly  fibrous,  pai-tly  cellulai',  consolidated  by  cal- 
careous deposit. 

V.  The  Tubular  Tissues,  which  serve  for  the  conveyance  of  hquids 
tlu'ough  the  other  tissues;  namely,  the  Blood-vessels  and  Absorbents. 

VI.  The  Muscular  Tissue,  which  is  specially  distinguished  by  its  con- 
tractile power;  one  form  of  it  being  composed  of  elongated  primitive 
cells,  the  other  of  parent-cells  elongated  or  coalesced  into  tubes,  within 
which  are  aggregations  of  minute  secondary  cells. 

VII.  The  Nervous  Tissue,  which,  like  the  preceding,  is  rather  distin- 
guished by  its  vital  endowments,  than  by  the  pecuHai'ity  of  its  organic 
structure ;  for  it  partly  consists  of  simple  cells,  whilst  another  part  of  it 
is  formed  by  cells  elongated  or  coalesced  into  tubes. 

1.  Of  the  Simple  Fibrous  Tissues. 

219.  The  various  components  of  the  Vegetable  fabric, — its  cells,  tubes, 
woody  fibres  (or  elongated  cells),  &c.,  being  destined  to  retain  then- 
relative  situations  thi'oughout  then-  entire  existence,  are  held  together  by 
simple  adhesion;  a  gummy  intercellular  substance,  which  answer  the 
piu'pose  of  a  cement,  being  often  interposed,  sometimes  in  considerable 
quantity.  But  in  the  Animal  body,  of  which  the  several  pai-ts  are 
designed  to  move  mth  greater  or  less  fi-eedom  upon  one  another,  the 
aggi-egations  of  cells  that  make  up  its  chief  part,  either  in  their  original 
or  in  their  metamorphic  form,  could  not  be  held  together  in  their  con- 
stantly-varying relative  positions,  without  some  intervening  substance  of 
an  altogether  different  character.  It  must  be  capable  of  resisting  tension 
with  considerable  firmness  and  elasticity;  it  must  admit  free  movement 
of  the  several  parts  upon  one  another ;  and  it  must  stiU  hold  them  suffi- 
ciently close  together,  to  resist  any  injurious  strain  upon  the  delicate 
vessels,  nerves,  &c.,  which  pass  from  one  to  another,  as  well  as  to  prevent 


OF  THE  SIMPLE  FIBROUS  TISSUES. 


211 


any  permanent  displacement.  Now  all  these  offices  are  performed  in  a 
remarkably  complete  degree,  by  the  Areolar  Tissue  (§  222) ;  the  reason 
of  whose  restriction  to  the  Animal  kingdom  is  thus  evident.  And  as 
necessity  arises,  in  certain  parts,  for  tissues  which  shall  exercise  a  still 
gi-eater  power  of  resistance  to  tension,  and  which  shall  thus  communicate 
motion  (as  in  the  case  of  Tendons),  or  shall  bind  together  organs  that 
requii'e  to  be  united  (as  in  the  case  of  Ligaments  and  Fibrous  Mem- 
branes), so  do  we  find  pecuhar  tissues  developed,  that  serve  these  pur- 
poses in  the  most  effectual  manner.  Hence  these  tissues  also,  although 
not  endowed  with  any  properties  that  are  peculiarly  animal,  ai'e  never- 
theless restricted  to  the  Animal  Kingdom, — as  completely  as  are  the 
Muscular  and  Nervous  Tissues,  which  make  up  the  essential  parts  of  the 
apparatus  of  Animal  Life. 

220.  These  two  qualities, — that  of  resistance  to  tension  without  any 
yielding, — and  that  of  resistance  combined  with  elasticity, — are  charac- 
teristic of  two  distinct  forms  of  Fibrous  tissue;  and  these  are  dis- 
tinguished, by  the  hue  which  they  ordinarily  present,  as  the  White  and 
the  Yelloiv. — The  White  presents  itself  in  the  form  of  inelastic  bands 
of  variable  size,  the  largest  1-5 00th  of  an  inch  in  breadth,  somewhat 
wavy  in  their  direction,  and  mai'ked  longitudinally  by  numerous 
sti'eaks  (Fig.  14);  these  streaks  are  rather  the  indications  of  a  lon- 
gitudinal creasing,  than  a  true  separation  into  component  fibres;  for 
it  is  impossible  by  any  art  to  tear  up  the  band  into  filaments  of  a 
determinate  size,  although  it  manifests 
a  decided  tendency  to  tear  lengthwise. 
Sometimes,  however,  distinct  fibres  may  be 
traced,  whose  diameter  varies  from  about 
l-15,000th  to  ] -20,000th  of  an  inch. — 
This  tissue  is  entu-ely  resolved  into  Gela- 
tin (§  33)  by  sufficiently  prolonged  boiling. 
When  treated  with  Acetic  acid  under  the 
microscope,  it  swells  up  and  becomes  trans- 
parent; and  certain  oval  corpuscles  are  then 
brought  into  view,  which  seem  to  be  either 
the  nuclei  of  the  cells  that  were  concerned 
in  the  formation  of  this  tissue,  or  the  fi-ee 
nuclei  of  the  blastema  by  whose  fibrillation 
it  was  produced  (§§  223,  224).— This  tissue 
18  nearly  the  sole  component  of  Tendons, 
Ligaments,  Fibrous  Membranes,  Aponeu- 
roses, &c.,  all  of  which  present  the  arrangement  already  described,  with 
very  little  modification,  save  that  the  bands  are  often  but  slightly  wavy,, 
and  are  sometimes  even  quite  straight.   If  the  traction  to  be  resisted  should, 

be  applicable  in  one  direction  only,  as  is  the  case  in  Tendons  and  in  most 
Ligt 

iments,  we  find  the  bands  or  fasciculi  of  fibres  arranged  side  by  side 
"With  considerable  regularity ;  and  the  larger  tendons  are  shown  by  trans- 
verse section  to  be  made  up  of  numero^is  aggi'cgations  of  this  kind,  which 
are  held  together,  whilst  to  a  certain  degree  kept  apart  fi^-om  one  another, 

the  interposition  of  Areolar  tissue.  When,  however,  the  traction  is 
liable  to  be  exercised  in  various  directions,  the  fasciculi  of  primitive  fibres 
are  observed  to  cross  each  other  obliquely ;  this  decussation  is  observable 
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Fig.  14. 


White  Fibrous  Tissue  from  Ligamept. 
Magnified  65  diameters. 
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in  many  ligaments,  but  still  more  in  those  fibrous  structm-es  Avliich  sei-ve 
as  protective  capsules  to  softer  organs.  This  tissue  receives  very  few 
blood-vessels,  and  still  fewer  nerves;  indeed  it  seems  doubtful  whether, 
in  many  fibrous  structures  (as  tendons),  nerves  are  normally  present  at 
all,  except  on  the  sheaths  of  the  blood-vessels.  From  the  time  when  it 
has  attained  its  complete  development,  this  tissue  seems  entirely  desti- 
tute of  any  vital  endowment,  and  its  physical  actions  are  not  of  a  kind 
to  induce  disintegrating  changes  in  its  substance,  with  any  considerable 
degree  of  rapidity.  Hence,  although  it  is  very  rapidly  regenerated  by 
the  formative  powers  of  the  blood,  after  the  destruction  of  a  portion  of 
it  by  disease  or  accident  (§  224),  it  does  not  seem  to  undergo  much  in- 
tei*stitial  change  during  the  ordinary  performance  of  its  fimctions. 

221.  The  Yellow  fibrous  tissue  (Fig.  15)  exists  in  the  form  of  cylin- 
di-ical  fibres,  easily  separable  from  each  other  longitudinally,  excejit  when 
they  branch  and  inosculate;  they  have  a  dark  decided  border;  and  their 
usual  diameter,  in  the  tissues  of  which  they  are  the  principal  components, 

is  about  l-7500th  of  an  inch, 
though  they  are  sometimes 
neai'ly  double,  and  sometimes 
scarcely  one  quai'ter  of  that 
thickness.  One  of  theh'  most 
marked  j)eculiarities  is  their 
tendency  to  break  off  abruptly, 
the  broken  ends  curling  back 
upon  themselves ;  and  this  sug- 
gests the  idea  that  they  are 
composed  of  linear  aggrega- 
tions of  particles  of  a  very  de- 
finite charactei'.*  The  com- 
jDOsition  of  this  tissue  iS'  very 
different  from  that  of  the 
wliite ;  for  it  is  but  little  changed  by  long  boiling  ;  and  although  the 
decoction  slightly  gelatinizes  on  cooling,  yet  the  small  amount  of  gelatin 
thus  indicated  is  probably  derived  from  the  white  fibrous  element  of  tlie 
ai'colar  tissue,  with  which  the  elastic  tissue  is  usually  penetrated.  It  is 
imafiected  by  the  weaker  acids,  and  undergoes  no  solution  in  the  gastric 
fluid;  and  it  preserves  its  elasticity  for  an  almost  unlimited  period. 
According  to  Scherer,  the  yellow  fibrous  tissue  from  the  middle  coat  of 
the  arteries  consists  of  48  C,  38  H,  6  N,  16  0;  which  (taking  Liebig's 
formula  for  Protein)  may  be  regarded  as  1  Protein -f- 2  Water.  When 
burned,  it  leaves  1-7  per  cent,  of  ash.  It  is  always  readily  distinguished 
from  the  white  fibrous  tissue,  under  the  microscope,  by  its  complete 
resistance  to  acetic  acid.  There  is  less  tendency  to  spontaneous  decom- 
position in  this  tissue,  than  in  any  other  of  the  soft  and  moist  portions 
of  the  fabric.  It  requires  but  little  renovation,  therefore,  by  the  nutri- 
tive operations;  since  it  seems  to  possess  no  fiu-ther  vital  activity  when 

*  In  the  ligamentum  nuchffi  of  the  Giraffe,  indeed,  the  fibres  are  marked  with  pecuhar 
transverse  striations,  strongly  resembling  those  of  the  hairs  of  the  Mouse  and  other  Rodents, 
and,  as  in  them,  probably  indicative  of  a  cellular  organization.  (See  Mr.  Quekett's  "Catalogue 
of  the  Histological  Series  contained  in  the  Museum  of  the  Royal  College  of  Surgeons  of 
England,"  vol.  i.  pi.  v.  fig.  10.) 
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once  it  is  fully  developed,  and  the  exercise  of  its  phj^sical  properties  will 
involve  but  little  disintegration.  Accordingly,  it  is  but  very  sparingly 
supplied  Avith  blood-vessels,  and  no  nerves  have  been  traced  into  its  sub- 
stance.— This  tissue  makes  up  the  principal  part  of  the  Ligamenta  sub- 
flava,  which  extend  between  the  arches  of  the  adjacent  vertebrte,  connect- 
ing them  together,  but  still  allowing  them  considerable  '  play;'  it  also 
forms  a  large  portion  of  the  middle  or  fibrous  coat  of  the  Arteries  ;  and  the 
ChordcTe  vocales,  and  some  other  ligaments  of  the  larynx,  are  almost  entirely 
composed  of  it.  In  all  these  situations,  elasticity  is  the  property  which 
is  particularly  required;  and  the  structm'es  enumerated  are  among  the 
most  elastic  of  all  known  substances,  recovering  this  attribute  upon  being 
moistened,  after  ha-\dng  been  kept  in  a  di'ied  state  for  an  unlimited  period. 

222.  A  very  large  proportion  of  the  body,  in  Man  as  in  all  the  higher 
Animals,  is  composed  of  a  tissue,  to  which  the  name  of  'cellular'  was  for- 
merly given.  This  term,  however,  is  so  much  more  applicable  to  those 
structures  which  are  composed  of  a  congeries  of  distinct  cells,  and  the 
use  of  it  for  both  purposes  is  so  likely  to  engender  confusion,  that  it  is 
to  be  wished  that  its  application  to  this  textm-e  should  be  altogether  dis- 
continued.— The  tissue  in  question,  now  generally  designated  the  Areolar, 
is  found,  when  examined  under  the  Microscope,  to  consist  of  a  network  of 
mimite  fibres  and  bands,  interwoven  in  every  direction  (Fig.  16),  so  as  to 
leave  innumerable  interstices,  which  commimicate  freely  with  each  other. 
These  fibres  and  bands  are  composed  in 
pai't  of  the  AVhite  and  in  pai*t  of  the 
Yellow  fibrous  element;  and  the  pro- 
portion of  the  two  varies  with  the  de- 
gi'ee  of  elasticity  which  may  be  required 
for  the  special  pm-pose  which  the  tissue 
is  destined  to  serve  in  each  situation.* 
The  proportion  between  them  is  easily 
detennined  by  the  use  of  acetic  acid, 
which  renders  the  white  so  transparent 
as  to  be  invisible,  and  thus  brings  the 
yellow  into  full  distinctness.  Some- 
times the  elastic  fibres  are  observed, 
not  merely  to  interlace  with  the  white, 
but  to  pass  roimd  their  fasciculi,  con- 
stricting them  with  distinct  rings  or  with  a  continuous  spiral ;  this  re- 
markable disposition  is  best  seen  in  the  areolar,  tissue  that  accompanies 
the  arteries  at  the  base  of  the  brain.  This  tissue  yields  gelatin  on  boiling, 
in  virtue  of  the  White  fibrous  structm-e  of  which  it  is  chiefly  composed. 
Its  interstices  are  filled  during  life  with  a  fluid,  which  resembles  a  very 
dilute  Serum  of  the  blood;  it  consists  chiefly  of  water,  but  contains  a 
sensible  quantity  of  common  salt  and  albumen,  and  (when  concentrated) 
a  trace  of  alkali  sufficient  to  affect  test-paper.  The  presence  of  this  fluid 
seems  to  result  from  an  act  of  simple  physical  transudation;  for  it  has 
been  found  that,  when  the  serum  of  the  blood  is  made  to  percolate 
through  thin  animal  membranes,  the  water  charged  with  saline  matter 

*  The  discovery  that  the  Areolar  tissue  is  not  a  peculiar  elementary  form,  but  a  coml)ina- 
tion  of  the  two  elements  previously  described,  was  first  made  by  Messrs.  Todd  and  Bowman 
and  announced  in  ihcir  excellent  "  Physiological  Anatomy,"  vol.  i.  p.  73.  '  ' 


Fig.  16. 


Arrangement  of  Fibres  in  Areolar  Tissue. 
Magnified  135  diameters. 
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passes  tlirough  them  much  more  readily  than  the  albumen,  a  part  of 
which  is  kept  back  (§  227). — The  gi-eat  use  of  Areolar  tissue  appears  to  be, 
to  connect  together  organs  and  parts  of  org-ans,  which  requke  a  certain 
degree  of  motion  upon  one  another :  and  to  envelope,  fix,  and  protect  the 
blood-vessels,  nerves,  and  lymphatics  with  which  these  organs  are  to  be 
suppHed.  It  can  scarcely  be  said  to  enjoy  any  vital  powers,  and  is 
connected  solely  with  physical  actions  (§  134).  It  is  extensible  in  aU 
du'ections,  and  very  elastic,  in  virtue  of  the  physical  arrangement  of  its 
elements ;  and  it  possesses  no  contractility,  excejDt  that  which  it  derives 
from  the  smooth  muscular  fibre-ceUs  (Fig.  79)  which  are  fi'equently  in- 
termingled with  its  other  elements,  sometimes  very  copiously.  It  cannot 
be  said  to  be  endowed  with  sensibility;  for  the  nerves  which  it  contains 
seem  to  be  merely  en  route  to  other  organs,  and  not  to  be  distributed  to 
its  own  elements.  And  its  asserted  powers  of  absorption  and  secretion 
apj)ertain  rather  to  the  walls  of  its  capillary  blood-vessels,  than  to  the 
threads  and  bands  of  which  it  is  itself  composed. 

223.  It  has  been  already  mentioned  (§  118)  that  the  foregoing  tissues 
may  be  developed  in  two  different  modes ;  namely,  either  by  the  trans- 
formation of  cells,  or  by  the  fibrillation  of  a  blastema.  The  former  was 
the  sole  mode  of  development  assigned  by  Schwann,  and  the  latter  was 
represented  by  Henle  in  the  same  light;  but  other  observers  have  shown 
that  each  of  these  eminent  histologists  was  correct,  save  in  the  exclusive- 
ness  of  his  view ;  since  both  the  first  development  and  the  subsequent  rege- 
neration of  these  tissues  have  been  seen  to  take  place  after  either  of  these 
methods.  It  is  in  their  reproduction  after  injury,  that  the  process  may 
be  most  conveniently  studied ;  and  the  following  account  of  it  is  founded 

on  the  statements  of  Mr.  Paget,*  who  has  speci- 
ally attended  to  this  inquiry. — The  development 
of  White  fibrous  tissue,  in  the  form  of  Areolar 
textm-e,  from  ceUs,  may  be  observed  in  the  mate- 
rial of  granulations,  or  in  that  of  inflammatory 
adhesions  and  indurations.  The  cells  first  formed 
in  the  plastic  exudation  ai'e  round,  very  slightly 
granular,  from  l-1500th  to  l-2000th  of  an  inch 
in  diameter ;  they  have  a  distinct  cell-waU,  which 
is  readily  brought  into  view  by  the  action  of 
water,  if  not  apparent  at  first;  and  they  present 
a  round  dark-edged  nucleus,  whose  sharp  defini- 
tion distinguishes  it  from  that  of  the  colourless 
corpuscles  of  the  blood,  to  which  these  cells  other- 
wise bear  a  close  resemblance.  It  is  in  this  nu- 
cleus that  the  first  developmental  change  shows 
itself,  for  it  assumes  an  oval  form,  and  its  sub- 
stance becomes  clearer  and  brighter.  Very  soon, 
however,  the  ceU  itself  elongates  at  one  or  both 
ends,  so  as  to  assume  the  caudate,  fusiform,  or 
lanceolate  shape  (Fig.  17);  and  its  contents  be- 
come more  minutely  and  distinctly  granidar,  whilst  the  ceU-wall  thms 
away  or  becomes  blended  with  its  enclosure.    As  the  cells  elongate  more 

*  '  Lectures  on  the  Processes  of  Repair  and  Reproduction  after  Injuries,'  in  "  Medical 
Gazette,"  1849,  vol.  xliii.  pp.  1069-1071. 


Fig.  17. 


Development  of  fibres  from 
cells  : —  It,  circular  or  oval  nucle- 
ated cells;  I),  the  same  becoming 
pointed ;  c,  the  same  become  fusi- 
form, the  nuclei  being  still  appa- 
rent ;  d,  the  same  elongated  into 
fibres,  the  nuclei  having  disap- 
peared. 
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aud  more,  so  as  to  assume  the  filamentous  form,  they  also  arrange  them- 
selves in  such  a  manner,  that  the  thickest  portion  of  one  is  engaged 
between  the  thinner  ends  of  the  two  or  more  adjacent  to  it  j  and  thus 
fasciculi  are  gradually  formed,  of  which  every  fibre  is  developed  from  one 
elongated  cell,  except  where  two  or  more  cells  have  united  end-to-end,  so 
as  to  form  one  long  continuous  filament.*  In  the  production  of  areolar 
tissue  in  inflammatory  exudations  or  in  gi-anulating  wounds,  the  nuclei 
of  these  fibre-cells  appear  to  waste  and  be  absorbed;  but  in  the  normal 
com'se  of  development,  which  may  be  seen  to  take  place  on  this  plan  in 
the  subcutaneous  areolar  tissue  of  the  foetus,  as  well  as  in  many  other 
situations,  it  is  probable  that  they  develoj)e  themselves  into  the  '  nuclear 
fibres'  of  Henle,  which  constitute,  in  fact,  the  Yellow  or  elastic  filaments 
that  are  intermingled  with  the  white  in  this  tissue. 

224.  The  development  of  the  White  fibrous  tissue  by  the  fibrillation 
of  a  nucleated  blastema,  without  any  intervening  cell-formation,  may  be 
observed  in  the  organization  of  the  material  by  which  the  filling-up  of 
subcutaneous  wounds  is  usually  accomplished;  and  seems  to  be  the  mode 
in  which  the  first  production  of  tendons  and  ligaments  is  normally 
accomplished.  The  blastema,  when  first  effused,  seems  like  a  mere 
fibrinous  exudation,  usually  containing  a  quantity  of  finely-molecular  or 
dimly-shaded  substance,  but  having  no  appearance  of  distinct  nuclei; 
these,  however,  gi-adually  present  themselves  in  it,  as  if  they  were  formed 
by  the  aggregation  of  molecules ;  and  they  presently  appear  as  oval 
bodies  with  dark  hard  outlines,  which  soon  become  elongated,  and  are 
so  firmly  imbedded  in  the  surrounding  substance,  that  they  can  scarcely 
be  dislodged.  The'  blastema  gradually  acquires  a  more  and  more  dis- 
tinct fibrous  appearance,  and  at  last  exhibits  a  regular  filamentous 
structm-e;  the  nuclei  themselves  undergoing  httle  change  during  this 
time,  but  appearing  to  govern  the  direction  of  the  fibrillation.  As  the 
textm-e  goes  on  to  completion,  the  nuclei  'aria  either  absorbed,  which 
seems  to  be  the  case  in  the  connecting  tissue  formed  for  the  reparation 
of  iujm-ies,  as  well  as  in  the  normal  development  of  tendons;  or  they 
undergo  a  fui'ther  development  into  '  nuclear  fibres.'  t  This  is  effected 
by  their  extension  at  both  ends,  so  that  the  nuclei  thus  prolonged  meet 
and  unite ;  their  particles  taking-on  that  very  uniform  hnear  arrangement, 
by  which  the  fibres  of  this  tissue  seem  to  be  characterized ;  and  some- 
times perhaps  undergoing  a  partial  or  complete  development  into  cells 
(§  221). — The  rate  at  which  the  production  of  fibrous  tissue  takes  place 
in  the  manner  now  described,  is  at  first  very  rapid;  well-marked  fila- 
ments being  detectable  in  the  blastema  within  seven  or  eight  days ;  and 
the  tenacity  of  the  bond  thus  formed  between  the  two  ends  of  a  divided 
tendon  is  such,  that,  in  one  of  Mr.  Paget's  experiments,  within  ten  days 
after  the  operation,  the  reunited  tendo-Achillis  of  a  rabbit  (the  new  tissue 
being  a  cord  of  not  more  than  two  lines  in  its  chief  diameter)  supported 
a  weight  of  above  fifty  pounds.  The  subsequent  changes  take  place 
more  slowly;  but  the  reparation  of  divided  tendons  has  been  found 
to  be  so  complete  within  five  months  after  the  operation,  that  no  trace  of 

*  It  was  asserted  by  Schwann  that  each  of  these  elongated  cells  splits  up  into  several 
filaments;  but  Mr.  Paget  agrees  with  many  other  observers  in  considering  this  representation 
erroneous. 

t  See  Henle's  *' Allgemeine  Anatomie,"  traduit  par  Jourdain,  torn.  i.  pp.  202,  406. 
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the  sections  could  be  discovered  even  by  mici'oscopic  examination. — It 
is  important  to  observe  that  the  blastema  which  undergoes  this  self- 
organization,  is  not  an  inflammatory  exudation,  but  one  which  is  much 
better  adapted  for  the  reparative  process.  For,  as  Mr.  Paget  has  ob- 
served, in  experimenting  upon  the  subcutaneous  division  of  tendons,  the 
effusion  which  is  first  poured  forth  after  the  shock  of  the  injury  contains 
exudation-cells,  which  begin  to  undergo  the  changes  described  in  the 
pi'eceding  paiugrajDh,  but  are  not  developed  beyond  the  state  in  which 
they  appear  spindle-shaped.  And  it  is  not  until  about  forty-eight  horn's 
have  elapsed  (in  the  rabbit),  that  the  true  reparative  material  begins  to 
appear.  This  material  must  be  looked  upon  as  having  undergone  a  much 
liigher  elaboration  than  the  inflammatory  exudation  has  received ;  since  it 
can  at  once  pass  on  to  that  ultimate  condition,  which  is  only  attained  in 
the  other  case  by  an  intermediate  process  of  cell-Hfe.  But  we  can  scarcely 
fail  to  recognize,  also,  the  influence  of  the  healthful  condition  of  the 
surrounding  tissues,  in  promoting  development  by  the  vital  force  which 
they  impart  (§  27);  the  state  of  inflammation  being  essentially  one  of 
diminished  vitality  of  the  solid  tissues,  and  its  existence  therefore  render- 
ing them  less  liable  to  promote  the  organization  of  the  plastic  material 
thrown  out  in  their  proximity.  Accordingly  we  shall  find  hereafter 
(chap.  XI.  SECT.  3),  that  in  proportion  to  the  degree  of  the  inflammatory 
change  in  the  solids,  does  it  tend  to  depress  the  vitality  of  the  efi\ised 
blastema,  so  as  to  retard  or  even  to  prevent  its  due  development,  and  to 
occasion  the  degradation  of  the  whole  or  of  the  greater  part  of  it  to  the 
condition  of  pus. 

225.  At  what  precise  time,  or  by  what  means,  the  chemical  change 
occurs,  by  which  the  fibrinous  constituents  of  the  plastic  exudation  are 
converted  into  the  gelatinous  basis  of  the  white  fibrous  tissue,  we  have 
no  certain  knowledge ;  there  are  indications  that  the  process  is  a  gi-adual 
one,  and  involves  the  existence  of  various  intermediate  gradations  (§  30) ; 
and  a  more  attentive  chemical  examination  of  fibrous  tissues  in  progress 
of  formation,  would  probably  throw  considerable  light  upon  the  nature 
of  the  transition. — AJl  that  is  kno^ni  of  this  subjedt,  however,  indicates 
that  the  production  of  the  gelatigenous  tissues  takes  place  solely  at  the 
expense  of  the  fibrinous  component  of  the  blood;  and  that  gelatin 
employed  as  food  caimot  become  converted  into  fibrous  tissue,  except 
by  passing  through  this  intei'mediate  condition,  into  which  it  is  next  to 
certain  that  it  can  never  be  transmiited.  For  although  there  is  ample 
evidence  of  the  conversion  of  the  albuminous  compoimds  into  the  gela- 
tinous, into  the  living  body,  yet  the  reconversion  of  the  gelatinous  into 
the  albuminous  appears  to  be  a  complete  imj)ossibility.  (See  chap,  vii.) 

2.  Of  the  Fihro-Cellular  Membranes,  and  their  Appendages. 

226.  The  body  of  Man,  in  common  with  that  of  all  the  higher  animals, 
contains  numerous  and  extensive  membranous  expansions,  which  form  its 
external  investment  and  line  its  internal  cavities,  and  which  are  consequently 
fi*ee  or  unattached  on  one  of  their  surfaces,  whilst  the  other  is  continuous 
with  the  tissues  which  they  overlie.  The  principal  part  of  the  substance 
of  all  these  membranes  is  made-up  of  the  Simjjle  Fibrous  tissues  described 
in  the  preceding  section,  interwoven  so  closely  as  to  form  a  sort  of  condensed 
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areolar  tissue,  witli  which  blood-vessels,  lymphatics,  nerves,  and  smooth 
muscular  hbres  may  be  blended  in  varjdng  proportions.    The  fibres  of 
tliis  tissue  are  continuous  with  those  of  the  looser  texture  that  lies  beneath 
its  attached  surface,  and  there  is  consequently  no  definite  boundary  to  the 
membrane  on  that  side.    But  the  free  surface  is  covered  by  a  layer  of 
basement-membrane,  w'hich  forms  a  complete  limit,  not  only  to  the  fibres, 
but  also  to  the  vessels,  nerves,  &c.,  of  the  subjacent  tissue.   This  membrane, 
it  is  true,  cannot  alw^ays  be  disting-uished  j  but  there  is  strong  analogical 
caind  for  beUeving  in  the  universality  of  its  presence.    Supported  by 
[ids  basement-membrane,  and  covering  what  would  otherwise  be  its 
L'xposed  fice,  we  find  one  or  more  layers  of  cells;  and  these  may  have 
\  cry  diflerent  endowments  in  different  situations,  so  as  to  impart  very 
diversified  chai'acters  to  the  surfaces  which  they  form. — Wliilst  all  the 
membranes  now  under  consideration  agree  in  consisting  of  the  foregoing 
elements,  they  differ  amongst  each  other  in  regard  alike  to  the  relative 
proportions  of  their  components,  and  to  the  mode  in  which  they  are 
arranged.    There  are  three  principal  categories,  however,  under  which 
they  are  capable  of  being  gTouped  together,  viz.,  the  Skin,  the  Mucous 
Membranes  and  the  Serous  Membranes ; — the  first  of  these  forming  the 
external  integument;  the  second  being  continued  from  it  at  various 
points,  so  as  to  line  aU  the  open  cavities  of  the  body  ;  and  the  third 
foi-miug  closed  sacs,  which  intervene  between  surfaces  that  rub  or  glide 
one  over  the  other.    Of  these,  the  Serous  Membranes  are  the  least  dis- 
tinguished by  the  speciality  of  their  endowments;  and  they  may,  there- 
tore,  be  advantageously  considered  in  the  first  instance. 

227.  Serous  and  Synovial  Memhxmes. — These  membranes,  which  are 
so  named  from  the  natm-e  of  the  fluid  with  which  their  free  surface  is 
iioistened,  are  thin  and  transparent,  so  as  to  allow  the  colour  of  subjacent 
/arts  to  be  seen  thi-ough  them.    They  are  endowed,  however,  with  a  con- 
siderable amoimt  of  strength,  and  possess  mucK  elasticity  in  situations 
where  mobility  is  particularly  required.     Their  free  surface,  which  is 
smooth  and  glistening,  is  found,  when  examined  with  the  microscope,  to 
'  le  covered  wdth  a  single  layer  of  flattened  polygonal  cells,  usually  of  a 
'  ilerably  regular  hexagonal  shape,  constituting  what  is  designated  as  a 
•  tesselated'  or  a  '  pavement-epithelium'  (§  230) ;  and  beneath  this,  a  layer 
•f  basement-membrane  is  affirmed  by  Messrs.  Todd  and  Bowman  to  be 
elearly  distinguishable. — The  principal  part  of  the  substance  of  the  mem- 
1  trane  is  composed  of  what  may  be  considered  as  condensed  areolar  tissue, 
■  iito  which  the  yellow  fibrous  element  largely  enters,  its  filaments  inter- 
lacing into  a  beautifid  network,  and  thus  imparting  a  high  degree  of 
elasticity  to  its  texture.    This  gradually  passes  into  that  laxer  variety,  by 
which  the  membrane  is  attached  to  the  parts  it  covers,  and  which  is  com- 
monly known  as  the  'sub-serous'  tissue;  here  fat-cells  are  not  unfre- 
quently  found.    The  blood-vessels  of  Serous  membranes  usually  have  a 
simple  plexiform  an-angement,  parallel  to  the  surface,  and  are  seldom 
vei-y  copious ;  Init  those  of  Synovial  membranes  are  far  more  numerous, 
'ud  their  minutest  ramifications  are  remarkable  for  their  length  and 
'  ortuosity  (Fig.  43), — a  disposition  which  seems  to  have  reference  to  the 
nutrition  of  the  Cartilage  beneath.    The  Synovial  membranes  are  further 
distinguished  by  the  presence  of  numerous  fringe-like  processes,  of  ex- 
treme vascularity,  hanging  down  loosely  into  the  cavity  of  the  joint; 
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these  are  covered  with  an  eiDithelium  of  a  very  different  character  from 
that  ah-eady  described,  its  cells  being  large,  spheroidal,  and  very  loosely 
attached  to  the  surface  beneath ;  and  there  can  be  httle  doubt  that  they 
constitute  the  secreting  apparatus  for  the  synovial  fluid.    The  Bur  see 
interposed  between  the  prominences  of  bones  and  the  tendons  or  integu- 
ments that  ghde  over  them,  or  amongst  the  tendons  themselves,  appear 
to  be  essentially  similar  to  the  synovial  membranes  in  the  arrangement  of 
their  elements ;  but  their  epithelium  is  less  regular,  and  shows  numerous 
gradations  of  cell-growth. — The  fluid  of  the  Serous  sacs  is  normally  only 
sufficient  to  keep  their  surfaces  moist,  and  its  composition  in  the  healthy 
state  is  consequently  indeterminable.     In  various  abnormal  conditions, 
however,  it  accumulates  in  large  amount ;  and  as  this  may  occur  from 
simple  obstruction  to  the  venous  circulation,  without  any  morbid  affec- 
tion of  the  membrane  itself,  it  is  probable  that  the  flvxid  which  thus  tran- 
sudes is  very  similar  in  quality  to  the  natm-al  serous  exhalation.    As  a 
general  rule,  the  fluid  effused  from  Serous  membranes  resembles  the 
serum  of  the  blood  with  a  considerable  proportion  of  its  albumen  kept 
back,  the  salts  being  present  in  nearly  their  normal  amount;  the 
amount  of  albumen  present,  however,  is  subject  to  great  variation,  but 
the  recent  researches  of  Schmidt  and  Lehmann*  have  shown  that  it  pre- 
sents a  remarkable  degree  of  constancy  in  the  exudations  from  each 
membrane.    Thus,  the  transudation  of  the  plem-a  contains  about  2-85 
per  cent  of  albumen;  that  of  the  peritoneum  only  1-13  per  cent,  that  of 
arachnoid  no  more  than  0-6  or  0'8  per  cent,  and  that  of  the  subcuta- 
neous areolar  tissue  as  little  as  0"3G  per  cent.    There  is  strong  reason  to 
believe  that  the  retention  of  the  chief  j)art  of  the  albumen,  when  the  water 
and  the  salines  ti*ansude  the  coats  of  the  vessels,  is  merely  the  result  of 
the  phj^sical  an-angemcnt  of  the  elements  of  the  membranes;  it  having 
been  shown  by  Valentin,t  that  the  filtration  of  albuminous  fluid  through 
dead  serous  membranes  is  attended  with  the  same  result.    And  it  can 
scarcely  be  doubted,  therefore,  that  the  variation  in  the  quantity  allowed 
to  pass  by  different  membranes,  is  to  be  attributed  to  their  physical  pecu- 
liarities.    In  proportion  to  the  increase  of  the  pressm'e  to  which  the 
blood  may  be  subjected  (as  thi'ough  an  obstruction  to  its  retm-n,  or  any 
other  cause),  is  the  increase  in  the  proportion  of  albumen  which  tran- 
sudes; and  in  some  cases  of  extreme  obstruction,  without  inflammatiou, 
the  presence  of  soft  jelly-like  masses  or  of  strings  of  fibrin,  indicates  that 
even  this  component  of  the  blood  may  be  made  to  transude  by  a  further 
augmentation  of  pressure.  :|:    The  fluid  of  the  Synovial  capsules  and  of 
the  Bm'sae  is  of  a  much  more  viscid  character,  almost  resembling  oil  in 
its  glairy  aj)pearance,  and  not  mixing  readily  with  other  liquids ;  its  com- 
position has  not  been  precisely  made  out ;  but  it  certainly  contains  a  far 
larger  proportion  of  albuminous  matter  than  the  serous  exudations,  ami 
it  may  be  probably  considered  as  a  true  product  of  secretion.    The  pur- 
pose of  all  these  fluids  is  obviously  to  diminish  friction  between  sm'faces 
which  are  exposed  to  mutual  attrition;  and  the  quantity  of  albumen 

•  "  Lchrbuch  der  Physiologischen  Chemie,"  band  ii.  pp.  248-50. 
f  "  Lehrbuch  dcr  Physiologic,"  band  i.  p.  601. 

%  This  has  been  experimentally  demonstrated  by  Mr.  Robinson,  who  has  shown  that  the 
urine  may  be  rendered  albuminous  or  even  fibrinous  by  the  application  of  a  ligature  round 
the  renal  vein.    ("  Medical  Gazette,"  June  28,  1844). 
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they  respectively  contain  seems  to  have  reference  to  the  amount  of 
motion 'and  of  pressm-e  to  which  the  membranes  are  subjected,  being 
least  in  the  cavities  of  the  brain,  somewhat  more  in  that  of  the  perito- 
raeiun,  two  and  a  half  times  as  much  in  that  of  the  plem-a,  and  many 
rimesi  greater  in  the  synovial  capsules. — It  is  probable  that  the  rate  of 
.nutrition  of  the  Serous  membranes  is  not  rapid  under  ordinary  circum- 
stances ;  since  there  appears  to  be  but  little  vital  activity  in  them.  Their 
..-pitheliiun  exhibits  no  indications  of  being  frequently  cast  off  and  re- 
newed, hke  that  of  many  other  parts ;  and  is  probably  very  permanent 
iu  its  character.    The  membranes  of  the  Synovial  capsules  and  of  the 
I'ursse,  however,  obviously  possess  a  much  higher  "sdtal  activity,  being 
themselves  more  vascular,  and  having  an  epithelium  which  is  evidently 
in  continual  com^se  of  renewal;  and  this  activity  seems  connected  vsdth 
en-  secretory  office.    All  these  membranes  are  very  readily  regenerated 
irter  loss  of  substance;  and  they  are  even  produced  de  novo,  when  cir- 
jumstances  call  for  then'  existence.    Thus  we  find  regular  synovial 
:apsules  formed  around  '  false  joints,'  and  new  bursse  developed  between 
lortions  of  the  cutaneous  surface  exposed  to  much  friction,  and  the  subja- 
■ent  bones.    In  all  these  cases,  the  cysts  appear  to  originate  in  an  en- 
argement  and  fnsion  of  the  normal  interspaces  of  areolar  tissue,  and  in  a 
•ondensation  of  the  tissue  itself  around  the  cavities  thus  formed.  Serous 
iiembranes,  when  inflamed,  ai'e  peculiarly  prone  to  throw  out  plastic 
jxudations,  which  become  organized  into  'false  membranes;'  and  these 
Vequently  constitute  'adhesions'  connecting  their  opposite  sm-faces.  In 
his  respect,  however,  the  synovial  membranes  show  a  marked  dilference 
Vom  the  more  general  type ;  '  adhesive  inflammation'  being  comparatively 
are  in  them.* 

228.  Mucous  Membranes,  and  their  Glandular  a'p'pendages. — The 
'^lucous  membranes,  Hke  the  serous,  derive  th^ir  name  from  the  attri- 
Hites  of  the  fluid  with  which  they  are  moistened;  this  fltud,  however,  is 
lot  a  mere  exudation  of  the  watery  part  of  the  blood,  but  is  a  regxilar 
■cretion,  pecidiarly  consistent  and  tenacious  in  its  character,  whose 
ivirpose  is  obviously  protective.  These  membranes  are  usually  thicker 
han  the  serous,  and  are  more  or  less  opaque ;  they  possess,  however, 
■omparatively  little  tenacity;  and  the  reddish  colour  which  they  ex- 
libit,  both  during  life  and  after  death,  is  dependent  on  the  blood  con- 
ained  in  their  copious  blood-vessels,  and  may  vary  greatly  in  intensity, 
iccording  to  the  degTee  in  which  these  vessels  are  congested.  There  is 
datively  less  fibrous  tissue  in  these  membranes  than  in  the  serous,  a 

'^■ry  large  part  of  their  substance  being  formed  by  blood-vessels  and 
ymphatics;  and  there  ai'e  some  situations  in  which  it  is  almost  entirely 
wanting,  as  in  the  superficial  stratum  of  the  gastro-intestinal  mucous 
nembrane,  where,  immediately  beneath  the  basement-membrane,  we  find 
he  vessels  spread  out  amidst  a  soft  granular  matter,  with  a  few  corj)uscles 
esembling  free  nuclei  and  granule-cells,  t  The  fibres  of  the  deeper  layer 
"'0  continuous  with  those  of  the  'submucous'  areolar  tissue.  The  pre- 
'-nce  of  a  distinct  basement-membrane  cannot  be  always  demonstrated, 

*  The  anatomy  and  physiology  of  the  Serous  and  Synovial  Membranes  have  been  ably 
'  '•atcd  of  by  Dr.  Brinton,  in  his  Article  on  that  subject  in  the  "  CyclopoBdia  of  Anatomy  and 
'hysiology,"  vol.iv.  p.  510. 

t  See  Dr.  Sharpey,  in"  Quain's  Elements  of  Anatomy,"  5th  edit.  p.  cclxxx. 
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especially  where  the  membrane  presents  a  simple  even  surface;  but 
where  the  membrane  is  depressed  into /o^^ic^es  (Fig.  18,  f,f),  or  prolonged 
into  villi  (v,v'),  the  existence  of  the  basement-membrane  may  usually  be 
clearly  made  out,  though  it  can  seldom  be  separated  from  the  subjacent 
tissue.  The  blood-vessels  and  lymphatics  with  which  the  Mucous  mem- 
branes are  copiously  supphed,  form  a  very  minute  and  closely-set  plexug 
which  spreads  out  beneath  the  basement-membrane ;  advancing  \vith  it 
into  the  villi  which  it  covers  (Fig.  22),  and  siu-rounding  the  follicles 
which  it  Hues  (Fig.  23).  The  '  follicular'  arrangement  is  very  common 
in  mucous  membranes;  the  follicles  being  sometimes  isolated  from  each 
other,  and  sometimes  clustered  so  thickly  that  there  is  only  room  for 
blood-vessels  and  connective  tissue  between  them.  The  '  villous'  charac- 
ter, on  the  other  hand,  is  for  the  most  part  Hmited  to  a  portion  of  the 


Fig.  18. 


Diagram  of  the  structure  of  an  involuted  Mucous  Membrane,  showing  the  continuation  of  its 
elements  in  the  follicles  and  villi ;  f,  f,  two  follicles ;  b,  basement  membrane ;  c,  submucous 
tissue;  e,  epithelium;  «,  vascular  layer ;  n,  nerve ;  v,  villus,  covered  with  epithelium;  v  ,  villus 
whose  epithelium  has  been  shed. 

gastro-intestinal  mucous  membrane.  The  entire  sm'face  of  the  Mucoiis 
membranes  is  covered  by  an  Epithelial  layer  (e),  which  not  only  Mes  upon 
their  simple  flat  expansions,  but  also  invests  the  villi  and  lines  the  fol- 
licles ;  the  structural  characters  and  physiological  uses  of  this  epithehum, 
however,  are  so  different  in  different  situations,  and  even  in  closely-adja- 
cent parts  of  the  same  stratum,  as  to  require  a  more  special  descripti' 
(§  230).  These  cells,  instead  of  forming  a  comparatively  permaueiu 
stratum,  like  the  epithelium  of  serous  membranes,  are  in  a  state  of  cou- 
tinual  change  and  renewal ;  the  older  layers  falling  off,  whilst  new  ones 
ai'e  produced  from  the  surface  or  from  the  substance  of  the  basement- 
membrane.  It  is  chiefly  on  the  bronchio-pulmonary  and  gastro-intestiua^ 
mucous  membranes,  that  we  meet  wdth  the  peculiar  secretion  terniec 
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Mucus;  which  appears  to  be  expressly  formed  to  shield  these  surfaces 
nnu  the  irritation  they  would  suffer,  through  the  contact  of  air,  or  of 
.  ilids  or  liquids.    This  secretion  is  also  found  on  the  lining  membrane  of 
,ic  larger  excretory  ducts  of  most  of  the  glands;  and  it  is  mixed  in 
>ater  or  less  amount,  with  most  of  the  secretions  discharged  by  them, 
is  found  also  upon  the  lining  membrane  of  the  gall-bladder,  and  of  the 
I  nary  bladder.    When  these  membranes  are  in  a  state  of  unusual  im- 
ation,  the  amount  of  mucus  which  they  discharge  is  very  considerable; 
■lit  it  ordinarily  forms  an  extremely  thin  layer.    The  characters  of  Mucus, 
■btained  from  various  sources,  are  by  no  means  invariable.    In  general, 
lowever,  it  may  be  described  as  a  fluid  of  peculiar  viscidity,  either  colom"- 
■  9SS  or  slightly  yellow,  transparent  or  nearly  so,  incapable  of  mixing  with 
.-ater,  and  sinking  in  it,  except  when  buoyed  up  by  bubbles  entangled  in 
j  t,s  mass,  which  is  commonly  the  case  with  the  bronchial  and  nasal  mucus, 
j  'his  fluid  contains  from  4^  to  6^  per  cent  of  solid  matter,  of  which  a 
'  mall  pai't  consists  of  salts  resembhng  those  of  the  blood;  whilst  the 
hief  org-auic  constituent  is  a  substance  termed  Mucin,  to  which  the 
hiu'acteristic  properties  of  the  secretion  are  due.    This  appears  to  be  an 
Ibuminous  compound,  altered  by  the  action  of  an  alkali;  for,  as  Dr. 
'jibiugtou  has  shown,  any  albuminous  fluid  may  be  made  to  present  the 
(  cuhar  viscidity  of  mucus,  by  treating  it  with  liquor  potassse.    That  the 
iicin  of  Mucus  is  held  in  solution  by  an  alkali,  appears  from  this,  that  it 
readily  precipitated  by  acids,  which  neutralize  the  base ;  and  that  a  sort 
faint  coagTdation  may  be  induced  even  by  water,  which  withdraws  the 
ase  from  it.    Wlien  Mucus  is  examined  with  the  Microscope,  it  is  found 
contain  munerous  epithelium-scales  (or  flattened  cells) ;  together  with 
jimd  gi'auular  corpuscles,  considerably  larger  than  those  of  the  blood,  and 
losely  resembling  the  nuclei  of  the  epithelium-cells,  which  are  commonly 
rmed  mucus-corpuscles.    In  the  more  opaque  mucus,  discharged  from 
lembranes  in  a  state  of  irritation  or  inflammaf  ion,  these  corpuscles  are 
l  esent  in  greatly-increased  amount ;  and  cells  are  often  developed  around 
liem. 

229.    The  essential  character  of  the  Mucous  Membranes,  in  regard 
like  to  their  offices  and  their  arrangement,  is  altogether  different  from 
at  of  the  Serous  and  Synovial  membranes.    For,  whilst  the  latter  form 
I  Lit  sacs  whose  contents  are  destined  to  undergo  little  change,  the  former 
ne  tubes  and  cavities  which  have  free  outward  communications ;  and 
liey  thus  constitute  the  medium,  through  which  nearly  all  the  material 
banges  are  effected,  that  take  place  between  the  living  organism  and  the 
teiTial  world.    Thus,  in  the  gastro-intestinal  mucous  membrane,  we 
lid  a  provision  for  reducing  the  food,  by  means  of  a  solvent  fluid  poured 
ut  from  its  foUicles;  whilst  the  villi,  or  root-like  filaments,  which  are 
losely  set  upon  its  surface  towards  its  upper  part,  are  specially  adaj)ted 
'  absorb  the  nutrient  materials  thus  reduced  to  the  liquid  state.  This 
une  membrane,  at  its  lower  part,  constitutes  an  outlet  through  which 
l  e  cast  out,  not  merely  the  indigestible  residuum  of  the  food,  but  also 
lie  excretions  from  numerous  minute  glandulte  in  the  intestinal  waU, 
ttich  result  from  the  decomposition  of  the  tissues,  and  which  must  be 
parated  from  them  to  prevent  further  decay.    Again,  the  bronchio-pul- 
louary  mucous  membrane  serves  for  the  introduction  of  oxygen  from  the 
"',  and  for  the  exhalation  of  water  and  carbonic  acid.    And  lastly,  the 
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mucous  membranes  are  continuous  with  the  cell-lined  vesicles  or  tubes  of 
the  various  Glands,  which  are  the  instruments  whereby  their  respecti" 
products  are  eliminated  from  the  blood.  —  The  changes  to  which 
Mucous  Membranes  are  thus  subservient,  however,  do  not  seem  to  involve 
the  vital  activity  of  any  other  of  their  components  than  the  Epithelial 
cells,  and  of  the  basement-membrane  as  probably  ministering  to  their  pro- 
duction.   Here,  as  elsewdiere,  the  fibrous  elements  appear  to  have  but 
a  passive  relation  to  the  vital  operations  of  the  tissue  into  which  they 
enter;  and  there  is  no  reason  to  think  that  the  copious  supply  of  blood 
wliich  the  mucoiLs  membranes  receive  has  any  relation  to  their  nuti'ition. 
In  fact,  we  might  fairly  describe  the  Mucous  membranes  generally  as 
essentially  consisting  of  a  plexus  of  blood-vessels  in  immediate  relation 
with  a  stratum  of  epithelial  cells;  the  fibres  having  merely  a  connectiAi 
office,  and  their  absence  not  being  in  any  way  detrimental,  if  they  be  no 
requii'ed  for  tliis  purpose.    Thiis,  the  tubuli  and  follicles  of  many  glan 
are  pomposed  of  a  basement-membrane  and  epithehal  layer,  prolong 
from  those  of  the  mucous  membranes  with  which  they  are  in  conuexia 
and  yet  may  have  no  fibrous  tissue  properly  appertaining  to  them,  be 
imbedded  in  the  substance  of  the  glands,  and  closely  sm-roimded  by 
blood-vessels.    Mucous  membranes  are  not,  for  the  most  part,  copiously 
siipplied  with  nerves,  nor  do  they  possess  much  sensibility;  there  ar 
exceptions,  however,  chiefly  in  the  case  of  those  which,  being  near  tlii 
inlets  and  outlets  of  the  body,  are  endowed  with  sensibility,  apparent]} 
for  the  pm'pose  of  guarding  against  the  contact  or  admission  of  injm-ious 
substances  (as  in  the  case  of  the  conjimctival,  buccal,  and  laryngeal, 
membranes),  or  of  giving  notice  of  the  presence  of  excrementitio 
matters  requiring  ejection  by  muscidar  power  (as  in  the  case  of 
lining-membranes  of  the  bladder  and  rectum).  —  Mucous  membran 
when  diseased,  are  far  less  disposed  than  the  serous  to  tlu'ow  out  p' 
exudations,  but  are  prone  to  suppuration,  ulceration,  and  gangrene, 
Their  regeneration  after  loss  of  substance  by  disease  or  injvuy,  tak 
place  with  great  rapidity;  but  although  a  simple  membrane  may 
comj)letely  restored,  yet  it  appears  fii'om  observation  of  the  healing-pr 
cess  after  ulcers  of  the  lai'ge  intestine,  that  the  tubidar  follicles  are  n" 
reproduced.    A  complete  reproduction  of  the  follicular  structm-e  tak 
place,  however,  in  the  lining  membrane  of  the  uterus,  after  its  exuviati 
in  the  formation  of  the  Decidua  (chap,  xix.).— It  is  interesting  to  obse^ 
that  where  a  portion  of  the  Cutaneous  surface  has  been  tm-ned  inwar^ 
so  as  to  form  part  of  the  boundary  of  one  of  the  internal  cavities  (as 
the  plastic  operations  for  the  restoration  of  lips,  eyelids,  &c.),  it  und 
goes  a  gradual  modification  in  its  characters,  and  comes,  after  a  time, 
present  the  appearance  of  an  ordinary  Mucous  membrane. 

230.  For  om-  knowledge  of  the  constant  existence  of  the  Epitlieli'a^ 
as  an  integTal  constituent  of  the  Mucous  and  Serous  membranes,  and ' 
om-  appreciation  of  its  important  offices  in  the  economy,  we  are  cntirel 
indebted  to  the  assistance  afforded  by  the  Microscope.    It  had  long  be 
known  that  the  epidermic  layer  might  be  traced  continuously  from  th 
lips  to  the  mucous  membrane  of  the  mouth,  and  thence  down 
oesophagus  into  the  stomach ;  and  that,  in  the  strong  muscular  stomac 
or  gizzard  of  the  granivorous  birds,  it  becomes  quite  a  firm  horny  fining 
But  it  has  been  only  since  the  application  of  the  Microscope  to  this  J 
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\  estigatiou,  that  a  continuous  layer  of  cells  has  been  traced,  not  merely 
along  the  whole  surface  of  the  mucous  membrane  lining  the  alimentary 
i  canal,  but  hkewise  along  the  free  surfaces  of  all  other  Mucous  Membranes, 
with  theii"  prolongations  into  follicles  and  glands ;  as  well  as  on  the  Serous 
aid  Synovial  membranes,  and  the  lining  membrane  of  the  heart,  blood- 
vessels, and  absorbents.    The  forms  presented  by  the  E2oithelial  cells  are 
\;u-ious.    The  two  chief,  however,  are  the  tesselated,  forming  the  'pave- 
ment-epithelium;' and  the  cylindrical,  forming  the  'cyHnder-epithelium,' 
-The  '  pavement-epithelium  '  covers  the  serous  and  synovial  membranes, 
e  lining  membrane  of  the  blood-vessels,  and  the  ultimate  follicles  or 
ibuH  of  most  glandular  structm-es  connected  with  the  skin  or  mucous 
iiembranes,  as  also   the   mucous  membranes  themselves,  where  the 
yliuder-epithelium  does  not  exist.    The  cells  composing  it  are  usually 
hittened  (Fig.  19,  a),  and  sometimes  so  polygonal  as  to  come  into  con- 
act  with  each  other  at  their  edges,  like  the  pieces  of  a  tesselated  pave- 


FiG.  19. 


Separated  Epithelium-cells,  a,  with 
nuclei,  6,  and  nucleoli,  e,  from  mucous 
membrane  of  the  mouth. 


Pavement-Epithelium  of  the  Mucous 
Membrane  of  the  smaller  bronchial  tubes; 
a,  nuclei  with  double  nucleoli. 


lent  (Fig.  12);  but  they  sometimes  retain  their  jrounded  or  oval  form, 
nd  are  separated  from  each  other  by  considerable  interstices  (Fig.  19,  b). 
liis  last  form  seems  to  be  the  commonest,  where  the  cells  are  most 
i  tively  renewed,  so  that  they  have  not  time  (so  to  speak)  to  be  de- 
loped  into  a  continuous  stratum.  The  number  of  layers  is  commonly 
:aaU;  and  usually  there  is  only  a  single  one. — The  'cylinder-epithelium' 
^  very  differently  constituted.  Its  component  cells  are  cylinders,  which 
re  arranged  side  by  side  (Fig. 

")i  one  extremity  of  each  Fig.  20. 

Under  resting  upon  the  base- 
I'-ut- membrane,  whilst  the 
rher  forms  part  of  the  free 
irface.  The  perfect  cylindii- 
il  foi-m  is  only  shown,  how- 
\'or,  when  the  surface  on  which 
'G  cyhnders  rest  is  flat  or 
•irly  80.  When  it  is  convex, 
le  lower  ends  or  bases  of  the 
■lis  are  of  much  smaller  dia- 
K'ter  than  the  upper  or  free  extremities ;  and  thus  each  has  the  form 

a  truncated  cone,  rather  than  of  a  cylinder ;  as  is  well  seen  on  the  cells 
'vering  the  villi  of  the  intestintil  canal  (Fig.  18).    On  the  other  hand, 


Cylinder-Epithelium,  from  the  intestinal  villi  of  a  rabbit; 
a,  a,  membrane  connecting  their  free  surfaces,  rendered 
more  distinct  by  the  action  of  water. 
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where  the  cylinder-epithehum  Hes  upon  a  concave  surface,  the  free  ex-  : 

tremities  of  the  cells  may  be  smaller  than  those  which  are  attached. 

Moreover,  when  it  is  very  compactly  arranged,  its  sides  may  be  flattened  ! 

against  each  other,  so  as  to  become  polygonal ;  and  this  constitutes  the 

2)ri$matic  variety.    Sometimes  each  cyhnder  is  formed  from  more  than 

one  cell,  as  is  shown  by  its  containing  two  or  more  nuclei ;  although  its 

cavity  seems  to  be  continuous  £i-om  end  to  end.    And  occasionally  the 

cylinders  arise  by  stalk-like  prolongations,  from  a  pavement-epithelium 

beneath.    The  two  forms  of  Epithelium  pass  into  one  another  at  various 

points ;  and  various  transition-forms  are  then  seen ;  the  tesselated  scales  !  I 

appearing  to  rise  more  and  more  from  the  surface,  until  they  project  as  i  j 

long-stalked  cells,  truncated  cones,  or  cyhnders.     The  cyhnder-epithe-  i  | 

lium  covers  the  mucous  membrane  of  the  alimentary  canal,  from  the  |  j 

cardiac  orifice  downwards ;  it  is  found  also  in  the  larger  ducts  of  most  i  i 

glands  Avhich  open  into  that  canal,  or  upon  the  external  surface,  such  as  the  (  \ 

ductus  choledochus,  the  salivary  ducts,  those  of  the  prostate  and  Cowper's  I  j 

glands,  the  vas  deferens,  and  the  uretlu-a.    In  all  these  situations,  itj  \ 

comes  into  connexion  with  the  j)avement-epithelium,  which  usually  lines  (  j 

the  more  delicate  canals  of  the  glands,  as  well  as  then-  terminal  follicles. !  | 

— There  are  certain  parts,  moreover,  on  which  the  Epithelial  cells  retain  j  j 

their  primitive  roundness,  with  very  little  modification;  such  cells  aref  jj 

said  to  constitute  a  'spheroidal  epithelium.'    The  most  important  ex-i  I 

ample  of  it  is  presented  by  the  urinary  passages,  which  it  lines  from  thej  t 

pelvis  of  the  kidneys  to  the  inner  orifice  of  the  vu-ethra;  but  it  is  also  found | 

in  the  excretory  ducts  of  the  mammary,  perspiratory,  and  some  otherf 

glands;  and  presents  itself  also  as  the  characteristic  form  in  many  situa-i 

tions,  in  which  the  secreting  process  is  most  actively  going  on.  Thisi 

form  may  pass  by  insensible  gradations  into  either  of  the  other  two. 

231.  Both  the  two  principal  forms  of  Epithelial  cells  are  frequently! 

observed  to  be  fringed  at  theii-  free  margins  with  delicate  filaments,  whichj 

arc  termed  Cilia;  and  these,  although  of  extreme  minuteness,  are  orgausj 

of  great  importance  in  the  animal  economy,  through  the  extraordinaiyl 

motor  power  with  which  they  are  eu-i 

dowed.  The  form  of  the  cihaiy  filaments)  j 

is  iisuaUy  a  little  flattened,  and  tapeiingl 

gi'aduaUy  from  the  base  to  the  point. 

Their  size  is  extremely  variable;  the 

largest  that  have  been  observed  being 

about  l-500th  of  an  inch  in  length,  and 

the  smallest  about  1-1 3,000th.  "\Mieu 

Vibratile  or  eiliated  Epithelium  ;  a,  nucle-  HI  motion,  each  filament  appears  to  bendj 
ated^cells,  resting  on  their  smaller  extremities ;  -^g  ^^^^       -^g  p^-^^^  retlUTling  agfliu 

to  its  original  state,  Hke  the  stalks  o: 
corn  when  depressed  by  the  wind;  and  when  a  number  ai'c  affected  iu 
succession  with  this  motion,  the  appearance  of  progressive  waves  follovr- 
ing  one  another  is  produced,  as  when  a  corn-field  is  agitated  by  frequent 
gusts.  When  the  cUiary  movement  is  taking  place  in  full  activity,  hovr- 
ever,  nothing  whatever  can  be  distinguished,  but  the  whirl  of  particles  ii^ 
the  surrounding  fluid ;  and  it  is  only  when  the  rate  of  movement  slackens 
that  the  shape  and  size  of  the  cilia,  and  the  manner  in  which  their  stroke 
is  made,  cau  be  cleaidy  seen.    The  motion  of  the  cilia  is  not  only  qiiit^ 


Fig.  21, 
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iudepeudent  (iu  all  the  higher  animals  at  least)  of  the  will  of  the  animal, 
but  is  also  iudependent  even  of  the  life  of  the  rest  of  the  hody;  being 
seen  after  the  death  of  the  animal,  and  proceeding  with  perfect  regularity 
in  pai-ts  separated  fi'om  the  body.  Thus  isolated  epithelium-cells  have 
been  seen  to  swim  about  actively  in  water,  by  the  agency  of  their  cilia, 
for  some  hom-s  after  they  have  been  detached  from  the  mucous  surface  of 
the  nose;  the  ciliaiy  movement  has  been  seen  fifteen  days  after  death  in 
the  body  of  a  Tortoise,  in  which  putrefaction  was  far  advanced;  and  even 
in  Man,  according  to  the  recent  observations  of  M.  Gosselin,*  it  may  be 
observed  on  the  mucous  Uning  of  the  trachea  for  as  long  as  seven  days 
after  death. — The  purpose  of  this  Ciliary  movement  is  obviously  to  propel 
fluids  over  the  sm-face  on  which  it  takes  place;  and  it  is  consequently 
limited,  in  all  save  aquatic  animals,  to  certain  internal  surfaces  of  the 
body,  and  takes  place  in  the  direction  of  the  outlets,  towards  which  it 
aids  in  propelling  the  various  products  of  secretion.  A  layer  of  ciliated 
epithehum,  of  the  tesselated  form,  has  been  affirmed  by  Pm-kinje  and 
Valentin  to  exist  upon  the  delicate  pia  mater  which  Unes  the  cerebral 
cavities,  not  even  excepting  the  inftmdibulum  and  the  aqueduct  of 
Syhdus;  but  from  the  recent  observations  of  Dittrich  and  Gerlach  upon 
decapitated  criminals,  it  is  doubtftil  if  this  movement  takes  place  in  the 
Human  adidt,  the  previously-cited  results  having  been  afforded  by  em- 
biyoes  and  by  the  lower  animals,  t  A  cylindi-ical  epithelium  ftirnished 
Avith  ciha  is  foimd  lining  the  nasal  cavities  (except  over  the  olfactory 
egion),  the  fi'ontal  sinuses,  the  maxillary  anti'a,  the  lachrymal  ducts  and 
-ac,  the  posterior  sm'face  of  the  velum  pendulum  palati,  and  fauces,  the 
Eustachian  tube,  the  lai-ynx,  trachea,  and  bronchi  to  their  finest  divisions, 
where  it  passes  into  the  tesselated  form,  the  upper  portion  of  the  vagina, 
the  uterus,  and  the  Fallopian  tubes.  The  function  of  the  cilia  in  all  these 
cases  appears  to  be  the  same;  that  of  propeying  the  secretions,  which 
would  othei-wise  accumulate  on  these  membranes,  towards  the  exterior 
orifices,  whence  they  may  be  carried  off. 

232.  Of  the  agency  to  which  the  Ciliary  movement  is  immediately  due, 
it  is  difficult  to  give  any  precise  account.    Although  the  fact  cannot  be 
substantiated  in  the  case  of  the  minute  cilia  of  the  epithelium-cells  of 
Man,  yet  a  careful  examination  of  the  much  larger  cilia  of  some  of  the 
lower  animals,  especially  aquatic  MoUusks  and  Animalcules,  suggests  tlie 
idea  that  they  are  veritable  prolongations  of  the  cells,  of  which  they  have 
usually  been  regarded  as  mere  appurtenances;^  and  that  their  rhyth- 
riical  movement  is  to  be  regarded,  no  less  than  the  changes  of  shape  in 
ntire  cells,  as  a  manifestation  of  cell-force  (§  110).    It  certainly  depends 
ipon  the  continued  vitality  of  the  cell,  and  is  affected  by  agencies  whicli 
(-'iid  to  increase  or  to  repress  its  vigour.    And  the  fact  ah-eady  mentioned 
§  113)  as  to  the  reciprocity  of  ciliary  movement  and  secretory  action,  is 

I  strong  indication  that  both  proceed  from  the  same  dynamical  source. 

*  "  Gazette  Medicalc,"  1851,  No,  26.  These  observations  were  made  at  the  Ecolc  Pratique, 

II  the  body  of  a  decapitated  criminal. 

t  Seethe  "  Priigcr  Vierteljahrschrift"  for  1851,  cited  in  the  "  Edinb.  Monthly  Jmirn  " 
1852,p.  82. 

+  This  is  certainly  the  case  with  regard  to  the  long  filamentous  processes  of  many  (so- 
•dlcd)  Animalcules,  which  only  differ  from  cilia  in  being  of  niucli  larger  size,  and  in  not 
'  iiig  multiple;  between  the  two  forms,  however,  there  arc  many  intermediate  gradations, 
"  that  the  similarity  of  their  nature  can  scarcely  be  doubted.  ' 
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It  has  been  maiutaiued  by  some,  that  the  action  of  the  cilia  is  muscular; 
but  these  filaments  are  usually  too  small  to  contain  even  the  minutest 
fibrillse  of  true  muscular  tissue ;  and  we  can  scarcely  but  regai'd  them 
as  organs  sui  generis,  which  do  not  owe  their  peculiar  endowments  to  any 
other. 

233.  The  Epithelium  of  most  parts  of  the  surface  of  the  Mucous 
Membranes  appeal's  to  be  frequently  exuviated  and  renewed ;  in  fact,  in 
most  cases  in  which  it  has  a  true  secretory  action,  that  action  is  com- 
pleted by  the  detachment  of  the  epithehal  ceUs,  after  they  have  de- 
veloped themselves  at  the  expense  of  the  peculiar  matter  which  they 
have  di'awu  from  the  blood ;  and  preparation  is  soon  made  by  a  new 
gi'owth  for  a  repetition  of  the  secreting  process.  No  very  positive 
account  can  be  given,  of  the  mode  in  which  the  epithelial  cells  originate; 
but  there  ai'e  appearances  which  indicate  that  it  is  not  always  the  same. 
Thus  in  most  of  the  cases  in  which  a  spheroidal  epithehum  presents  itself 
as  the  active  instrument  of  secretion  (as,  for  instance,  on  the  villous 
prominences  of  the  synovial  membranes,  §  227),  its  cells  are  observed  to 
be  in  different  stages  of  development,  and  they  are  embedded  in  a  grar 
nulai-  blastema,  in  which  it  appeal's  probable  that  they  may  originate  de 
novo,  after  the  manner  already  described  (§  106).  But  in  many  other 
cases,  the  epithelial  cells  covering  an  extensive  tract  are  so  very  similar 
to  one  another  in  form,  size,  and  gi'ade  of  development  (Fig.  20),  that  it 
is  obvious  that  they  must  have  been  all  produced,  and  aU  brought  to 
a  readiness  for  exuviation,  at  the  same  time ;  and  it  not  unfi-equently 
happens,  more  especially  in  the  case  of  the  cylinder  epithelium  of  the 
intestinal  villi,  that,  when  detached  from  the  basement  membrane,  the 
cells  are  still  found  to  be  adlierent  to  each  other,  and  to  carry  upon  their 
broad  free  surface  a  thin  membranous  pellicle  (a,  a),  which  may  be 
made  more  distinct  by  the  action  of  water.  Here  it  would  seem  more 
likely  that  the  cells  are  developed  in  the  very  substance  of  the  basement- 
membrane,  perhaps  fi'om  'germinal  spots'  contained  in  itself,  as  suggested 
by  Prof  Goodsir  (§  119);  and  that,  in  the  course  of  then-  enlargement,  they 
carry  before  them  the  outer  layer  of  the  basement-membrane  beneath 
which  they  originated. — So,  again,  in  the  case  of  the  secreting  folhcles, 
there  are  indications  that  the  cells  they  contain  are  sometimes  developed 
in  the  midst  of  a  blastema  exuded  fi'om  their  walls;  whilst  in  other  in- 
stances the  origin  of  the  cells  seems  traceable  to  a  'germinal  sj)ot'  at  the 
coecal  extremity  of  the  follicle,  or  to  several  such  spots  dispersed  over 
its  sides.  Upon  the  whole  of  this  subject — the  conditions  under  which 
the  exuviation  of  the  Epithehum  occurs,  the  frequency  with  which  it 
usually  takes  place,  and  the  mode  in  which  its  renewal  is  eflfected — much 
still  remains  to  be  learned. 

234.  We  have  now  to  consider,  in  somewhat  more  detail,  certain  ap- 
pendages to  the  Mucous  membranes,  which  are  found  in  connection  with 
particular  parts  of  them;  and  which  may  be  considered  as  special  de- 
velopments of  then-  ordinary  elements. — Thus  in  the  mouth,  and  espe- 
cially on  the  tongue,  we  meet  with  numerous  slight  elevations  or  ]}apiU<e, 
some  of  which  are  very  minute  and  simple,  whilst  others  are  larger  and. 
more  complex,  being  cleft  (as  it  were)  into  secondary  papillae.  The  inti- 
mate structure  of  these  is  by  no  means  uniform ;  and  the  purposes  which 
they  answer  are  probably  very  diverse.    Thus,  whilst  the  'fungiform 
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papillae  have  a  soft  epithelial  covering,  and  are  copiously  supplied  with 
blood-vessels  and  nerves,  so  as  to  serve  for  the  reception  of  gustative  im- 
pressions, the  'conical'  ai'e  furnished  with  a  firm  horny  epithelial  invest- 
ment, sometimes  prolonged  into  fine  filaments,  and  are  less  copiously 
supplied  with  nerves  and  blood-vessels,  their  function  being  probably  the 
piii-ely  mechanical  one  of  assisting  in  the  abrasion  and  comminution  of 
the  food.    It  is  cmious  that  the  fungiform  papillte  contain  striated  mus- 
culai-  fibres,  which  pass  up  to  them  from  the  muscular  substance  of  the 
tougaie,  a  fact  first  announced  in  regard  to  the  Frog  by  Dr.  Edmund 
Waller;*  and  that  they  imdergo  a  kind  of  erection  iBrom  the  turgescence 
of  then"  vessels,  when  sapid  substances  are  brought  into  contact  with 
them. — In  the  oesophagnis  and  stomach,  we  find  the  mucous  membrane 
usually  lying  in  rugoe  or  wrinkles,  which  are  disposed  with  some  regu- 
laiity;  these,  however,  ai-e  simple  folds,  into  which  the  membrane  is 
thrown  by  the  contraction  of  the  muscular  coats  of  these  organs,  and 
are  obliterated  by  distention  of  the  latter.    A  permanent  series  of  folds 
however,  which  can  only  be  obHterated  by  dividing  the  outer  coats  of  the 
.canal,  are  found  in  the  small  intestine,  where  they  are  known  as  the  'valvulae 
conniventes.'    The  chief  vise  of  these  appears  to  be  to  increase  the  ab- 
sorbent surface. — The  mucous  surface  of  the  small  intestine,  from  the 
pyloric  orifice  to  the  caecum,  is  thickly  beset  with  villi,  which  are  prolonga- 
tions of  the  basement-membrane,  having  somewhat  the  form  of  the  finger 
of  a  glove,  copiously  fm-nished  with  blood-vessels  from  the  subjacent  sur- 
face (Fig.  22),  and  also  containing  lacteal  tubules  in  their  interior.  In  form 
they  are  sometimes  nearly  cylindrical,  some- 
times rather  conical,  and  not  unfrequently  Fig.  22. 
become  flattened  and  extended  at  the  base,  so 
t  that  two  or  more  coalesce.    Their  length  varies 
1  fi'om  l-4th  to  l-3rd  of  a  line,  or  even  more; 
i  and  the  broad  flattened  kinds  are  about  1-6 th 
»  or  l-8th  of  a  hue  in  breadth.    In  the  upper 
)  part  of  the  small  intestine,  where  they  are 
I  most  numerous,  it  has  been  calculated  by 
J  Krause  that  there  ai'e  not  less  than  from  50 
t  to  90  in  a  square  line  ;  and  in  the  lower  part, 
J  firom  40  to  70  in  the  same  space.    An  ap- 
\  proach  to  the  villous  structm-e  is  presented 
by  the  portion  of  the  mucous  membrane  of 
the  stomach,  in  the  neighbourhood  of  the 
pylorus ;  but  the  prominences  which  are  here 
found  between  the  orifices  of  the  gastric  fol- 
licles, are  much  smaller  than  the  true  villi  of  villi  of  the  Human  intestine,  with 
;  the  intestine,  and  contain  no  lacteal  vessels.     their  capillary  plexus  injected. 
'  There  can  be  no  doubt  that  the  proper  intestinal  villi  are  the  chief 
instruments  of  absorption,  by  means  both  of  their  blood-vessels,  which 
take  up  soluble  matters  by  simple  imbibition,  and  of  their  lacteals,  which 
absorb  certain  special  products  of  the  digestive  operation.    In  the  selec- 
tion of  these,  it  will  be  hereafter  shown  that  the  epithelial  cells  of  the 
villi  are  the  instruments  chiefly  concerned ;  these  filling  themselves  with  the 

"  "  Philosopliical  Transactions,"  1849,  p.  143. 
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materials  of  chyle  from  the  contents  of  the  alimentary  canal  (Fig.  100), 
and  then  delivering  them  up  to  be  absorbed  by  the  lacteals  beneath 
(chap.  viii.  sect.  1). 

235.  The  inversion  of  the  mucous  surface  into  follicles,  gives  to  it  a 
character  precisely  the  reverse  of  the  preceding,  both  as  regards  struc- 
ture and  function.  These  follicles,  in  their  most  elementary  form,  may 
be  regarded  as  originating  in  a  recession  of  the  basement-membrane  (as 
if  the  finger  of  a  glove  were  pushed  back  into  the  interior  of  the  palm); 
they  are  nearly  of  a  cylindi'ical  shape,  their  orifices  opening  upon  the 
free  surfixces  of  the  mucous  membrane  in  the  interspaces  of  the  vascular 
net-work  (Fig.  23),  w^iile  their  ceecal  extremities,  which  are  sometimes 

simply-rounded,  sometimes  loculated,  abut 
against  the  submucous  ai-eolar  tissue.  Such 
follicles  present  themselves  along  the  whole 
extent  of  the  gastro-intestinal  mucous  mem- 
brane ;  but  although  very  similar  in  their 
appearance  in  different  parts  of  its  length, 
then-  secretion  is  probably  vei-y  chfferent. 
In  the  stomach  they  are  known  as  the 
'gastric  follicles,'  and  the  digestive  solvent 
is  prepared  and  poiu-ed  forth  by  them. 
Distribution  of  capiiiaiiLs  ii  uuna  follicles  Aloug  the  coursc  of  the  intestine,  on  the 
of  Mucous  aiein  rane.  other  hand,  they  are  known  as  the  'follicles 

of  Lieberkuhn;'  and  it  is  doubtful  whether  they  form  any  other  secretion 
than  that  of  jjrotective  mucus.     Such  follicles  are  not  known  to  exist 
in  an}'  other  than  the  open  state;  and  they  seem  to  have  a  permanent 
cJiaracter,  continually  discharging  new  broods  of  epithelial  cells.  The 
secreting  action  of  these  follicles  may  bo  best  observed  in  those  of  the 
stomach;  which,  during  the  intervals  of  the  digestive  process,  become 
turgid  with  cells,  that  accumulate  in  such  quantity,  as  to  give  to  the 
tubes  a  sacculated  ai)pearauce  which  they  do  not  possess  when  empt}'; 
within  the  principal  cells,  smaller  ones  are  frequently  observable,  and  even 
a  second  brood  may  be  sometimes  seen  in  the  interior  of  the  latter;*  and 
Avhen  digestion  is  going  on,  these  cells  are  poured  out  in  large  numbers 
on  the  surface  of  the  mucous  membrane,  where  they  undergo  a  kind  of 
deliquescence  by  the  imbibition  of  water,  and  form  the  substance,  inde- 
finitely termed  mucus,  which  probably  contains  the  'ferment'  that  is  the 
essential  accompaniment  of  the  acid  solvent  in  the  process  of  gastric  I 
digestion. — Besides  these  follicles,  however,  which  are  by  no  means  pecu- 
liar to  the  lining  of  the  ahmentary  canal,  the  gastro-intestinal  mucous 
membrane  contains  numerous  other  simple  glandulse,  which  aflbrd  links 
of  transition  towards  those  more  comjihcated  forms  of  the  glandulai'  ap- 1 
paratus  that  are  less  intimately  connected  with  it.    Eeserving  a  more  I 
particular  description  of  these  for  a  future  opjioi-tunity  (chaps,  vn.  and  I 
XIII.),  we  shall  here  only  notice  the  points  that  bear  iipon  the  essential  I 
nature  of  Glands  in  general.    Various  parts  of  the  mucous  membrane  of  | 
the  stomach,  and  of  the  large  intestine,  are  studded  at  intervals  "with  I 
shallow  pits  or  follicles,  about  1-2 0th  of  an  inch  in  diameter;  which,  I 
according  to  the  observations  of  Dr.  A.  Thomson  (loc.  cit.),  have  the  form  I 


Fig.  23. 


*  Dr.  Allen  Thomson,  in  Goodsii's  "  Annals  of  Anatomy  nnd  Physiology,"  No.  i.  p.  36. 
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of  closed  vesicles  during  foetal  life  and  early  infanc}^,  but  gradually  open,  so 
that  their  cavities  become  continuous  with  the  free  surface  of  the  mucous 
membrane,  the  columnar  ej)itheliiTm  of  which  extends  itself  into  them; 
and  they  remain  in  that  condition  during  the  rest  of  life.    What  their 
distinctive  attribute  may  be,  however,  has  not  been  made  out. — The 
mucous  lining  of  the  small  intestine  is  beset  at  intervals  with  elevated 
patches,  which  are  known  under  the  name  of  the  'agminated  glands  of 
Peyer.'    These  are  formed  by  the  aggregation  of  originally-closed  vesicles 
of  a  somewhat  lenticular  shape,  which  lie  just  beneath  the  mucous  mem- 
bmne,  their  own  walls  being  closely  incorporated,  at  the  deeper  side,  with 
the  subjacent  filamentous  tissue ;  and  they  are  filled  with  cells  and  granu- 
lar pai'ticles  in  various  stages  of  development.    It  seems  probable  fi-om 
the  observations  of  Profs.  Kmuse  and  Allen  Thomson,  that  these  vesicles 
are  continually  opening  and  discharging  their  contents  upon  the  mucous 
sm'face ;  each,  when  it  has  completely  emptied  itself,  becoming  atrophied, 
and  being  replaced  by  another.    These,  also,  are  apparently  to  be  looked 
upon  as  secreting  organs;  but  they  can  scarcely  be  considered  in  any 
other  light  than  as  parent-cells,  developed  in  the  substance  of  the  tissues, 
quite  independently  of  the  mucous  surface,  with  which  the}^  only  be- 
come connected  for  the  purpose  of  giving  exit  to  their  contents.  Such, 
it  is  probable,  is  the  original  state  of  the  elements  of  most  of  the  more 
complex  glandular  structures ;  the  essential  part  of  them  seeming  to  consist 
of  a  collection  of  glandular  vesicles,  which  are  originally  closed  (a  condi- 
tion that  is  retained  in  the  thyroid  throughout  life),  but  which  afterwards 
come  into  connection  with  the  mucous  or  cutaneous  surface  whereon  they 
discharge  their  secretion,  by  an  extension  of  an  offset  from  the  latter, 
that  constitutes  the  ramifying  ducts  on  which  they  open.    A  simple  type 
of  this  more  complex  glandular  apparatus  is  presented  to  us  in  those 
small  bodies  peculiar  to  the  duodenum,  whicji  are  known  as  '  Brunner's 
glands'  (Fig.  24).  The  terminal 
vesicles  of  these  racemose  clus- 
ters are  loaded  with  cells  formed 
in  their  interior,  the  aspect  and 
mode  of  production  of  which 
are  quite  different  from  those 
of  an  epithelium.    This  will  be 
better  understood  from  the  suc- 
ceeding figm-e  (Fig.  25),  which 
represents  one  of  the  terminal 
cseca  of  the  liver  of  the  Crab ; 
this  is  seen  to  be  crowded  with 
cells,  which  not  only  line  its 
internal  smface,  but  fill  its 
cavity;  and  the  cells  are  ob- 
served to  originate  in  the  midst 
of  an  indistinct  granular  mat- 
ter that  occupies  the  deeper 
portion  of  the  follicle,  increas- 
ing in  size  and  completeness  as  they  are  pushed  towards  its  outlet  by 
newer  growths  beneath.    In  most  glands,  an  unlimited  production  of 
cells  appears  to  take  place  continuously  within  the  same  follicles ;  the 


Fig.  24. 


Portion  of  one  of  Brunner's  Glands,  from  the  Human 
Duodenum.   Magnified  66  diameters. 
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cases  in  which  the  follicles  shrivel  and  dwindle  away,  when  they  have  once 
ojDened  themselves  and  discharged  their  contents,  being  comparatively  few, 

• — All  glandular  structures  require  a  copious 
Fig.  2S.  supply  of  blood,  to  furnish  the  materials  of 

the  secretion  which  they  eliminate ;  and  this 
is  afforded  by  a  minute  capillary  network, 
which  closely  surrounds  the  follicles  or  vesi- 
cles, but  which  never  penetrates  their  interior 
(Fig.  26). 

Fig.  26. 


Capillary  Network  around  the  follicles 
of  Parotid  Gland. 

23G.  The  Skin. — Like  the  Mucous  Mem- 
branes with  which  it  is  continuous  at  the 
nose,  mouth,  anus,  and  the  other  orifices  of 
the  canals  which  those  line,  the  Skin  may  be 
considered  as  composed  of  three  elements; 
One  of  the  hepatic  cteca  of  Asia-  namely,  the  complex  fibrous  tissuc,  which, 
rd,lt/n?fhf  Sog^et'rat  with  blood-vessels,  lymphatics,  and  nei-ves, 
lopmeiit  of  the  secreting  cells  from  makcs  up  the  Ctttis  vcrci,  ov  Corhim:  a  layer 

the  blind  extremity  to  the  mouth  ofp^,  ,  .  ..        ,-,  .  j 

tiie  follicle ;  specimens  of  these,  in  01  Bosement-membrane  mvesting  this,  and  an 
their  successive  stages,  are  shown  epithelial  investment  of  pecidiar  thickness 

separately  at  a,  &,  c,  d,  e.  .  ,  .  ,    .    ,  -n    •  i 

and  tenacity,  which  is  known  as  the  JLpidet'nm 
or  'cuticle.' — The  substance  of  the  Corium  is  principally  composed  of 
White  fibrous  tissue,  which  is  arranged  in  a  reticular  manner ;  the  tex- 
ture being  very  fine  and  close  near  the  surface,  but  more  open  in  its 
deeper  layers,  where  its  areolse  become  occupied  with  clumps  of  fat-cells, 
and  where  it  passes,  without  any  distinct  line  of  separation,  into  that  of 
the  subcutaneous  Areolai-  tissue.  With  this  white  fibrous  tissue,  a  small 
proportion  of  yeUow  or  elastic  fibres  is  usually  intermixed ;  and  this  pro- 
portion is  greatly  increased  in  those  parts  of  the  skin  which  are  subject 
to  occasional  distention,  and  especially  in  the  integument  surrounding 
the  joints.  The  Cutis,  however,  not  only  possesses  elasticity;  but  is  also 
endowed  with  vital  contractihty,  which  is  peculiai'ly  manifest  in  parti- 
cular parts,  especially  under  the  influence  of  cold  or  of  mental  emotion ; 
producing  the  corrugation  of  the  integuments  of  the  scrotum,  and  that 
peciiliar  condition  of  the  general  siirface  which  is  known  as  the  'cutis 
anserina.'  The  real  natiu-e  of  its  contractile  element,  however,  has  only 
been  recently  discovered  by  Prof.  Kolliker ;  who  has  found  it  to  consist 
of  'smooth'  or  non-striated  muscular  fibre-cells  (Fig.  79),  which  are 
united  into  fasciculi,  and  dispersed  among  the  other  elements  of  the 
cutaneous  substance.    They  are  especially  abiuidant  in  the  deeper  part 
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of  the  cutis  of  the  scrotum,  where  they  form  a  reticular  layer  which  is 
known  as  the  'tunica  dartos and  also  in  the  skin  of  the  penis  and  peri- 
neum, as  well  as  in  the  nipple  and  areola.  In  other  j)arts  of  the  in- 
tegument, they  are  especially  connected  with  the  hair-follicles  j  and  where 
these  are  wanting,  as  on  the  palms  of  the  hands  and  soles  of  the  feet, 
there  are  no  muscular  fibre-cells.  In  the  production  of  the  'cutis  anse- 
riua,'  which  may  be  ai-tificially  induced  by  the  application  of  the  mag- 
neto-electric apparatus,  these  fibres  cause  the  protrusion  of  the  hair- 
follicles,  while  they  retract  and  depress  the  intermediate  cutaneous 
surface.* 

237.  The  external  surface  of  the  Corium  is  elevated  in  many  parts 
into  papillse  or  ridges,  which,  though  representing  the  viUi  of  mucous 
membranes,  have  an  entirely  different  office;  their  special  function  being 
usually  to  receive  tactile  impressions  through  the  medium  of  the  nerves 
with  Avhich  they  are  furnished,  their  size  and  number  being  proportional 
to  the  acuteness  of  the  sensibility  possessed  by  different  parts  of  the 
sm-face.  In  general,  the  papillae  are  simple  conical  projections,  the  length 
of  which  is  from  about  l-33rd  to  l-22nd  of  a  line;  but  on  the  palm, 
sole,  and  nipple,  they  are  mostly  compound  (that  is,  they  have  several 
distinct  summits),  and  measure  from  1-20  to  1-1 0th  of  a  line  in  length. 
In  these  last  situations,  they  are  set  very  closely  together  in  curvilinear 
ridges,  which  are  marked  at  tolerably  regular  intervals  by  short  transverse 
fun-ows,  into  each  of  which  the  orifice  of  one  of  the  sweat-glands  dis- 
charges itself.  On  some  parts  of  the  surface,  however,  the  papillae  are 
altogether  wanting;  and  in  the  matrix  of  the  nail,  where  they  are  as 
large  and  numerous  as  on  the  palms  of  the  hands,  they  serve  an  entirely 
different  purpose,  that  of  affording  a  more  extended  surface  for  the  pro- 
duction of  epidermic  cells.  The  basement-membrane  may  be  tolerably 
well  made  out  by  the  definite  boundary  which  it  affords  to  the  comj)o- 
nents  of  the  papillae ;  but  it  is  not  distinguishable  in  a  like  degree  on  the 
general  siu-face  of  the  Corium ;  and  its  presence  there  can  only  be  inferred 
from  analogy,  and  from  the  existence  of  a  fine  film  in  that  situation  in 
the  embryo. — The  surface  of  the  Corium  Ukewise  presents  numerous 
depressions,  which  are  sometimes  mere  follicles,  but  sometimes  tubuli  of 
considerable  length.  All  these  depressions  are  lined  by  cells,  which  are 
continuous  with  those  of  the  Epidermis ;  but  the  function  of  these  cells 
IS  very  different  in  the  several  varieties  of  the  follicidar  organs.  Thus, 
m  the  Hair-foUicles,  we  find  them  undergoing  transformation  into  the 
substance  of  the  hair,  which  is  chemically  identical  with  that  of  the 
Kpidermis  itself;  in  the  Sebaceous  follicles,  on  the  other  hand,  they  draw 
fatty  matter  fi-om  the  blood,  and  set  free  this  upon  the  sm^face  of  the 
«Wn ;  in  the  Cerumen-glands,  they  elaborate  a  waxy  matter,  which  they 
discharge  on  the  integument  lining  the  meatus  of  the  ear;  in  the  Sudo- 
riparous glandulse,  with  which  nearly  every  part  of  the  surface  is  fur- 
nished, they  are  the  instruments  of  drawing-off  a  large  amount  of  wateiy 
fluid,  which  holds  in  solution  a  small  proportion  of  effete  organic  com 
pounds;  and  in  the  peculiar  large  sudoriparous  glandulfB  of  the  axillas, 
t^hey  further  seem  to  eliminate  from  the  blood  the  peculiar  Odorous 

*  See  Prof.  Kolliker's  Memoir  on  the  '  Smooth  Muscular  Fibre,'  in  "  Kolliker  and  Sie- 
wld's  Zeitschrift,"  1849;  and  his  "  Mikroskopische  Anatomic."  band  ii.  pp.  1.3,  14. 
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secretion  which  is  characteristic  of  that  jDart.*  The  Hair-folhcles  will  be 
presently  described  in  connection  with  the  Epidermis  (§  246);  but  a 
short  account  of  the  structure  and  development  of  the  other  cutaneous 
glandulse  will  here  be  given,  as  further  elucidating  the  natiu'e  of  the  glands 
in  general,  and  as  connected  with  the  special  functions  of  the  Skin. 

238.  The  Sebaceous  glandulse  are  for  the  most  part  found  in  connection 
mth  the  Hair-foUicles,  and  pour  theu*  secretion  into  the  hair-canals  near 
their  orifices  (Fig.  27,  b).  They  are  usually  composed  of  clusters  of 
secreting  sacculi,  Mned  with  epithelium-cells,  which,  being  filled  with 
fatty  matter,  resemble  the  cells  of  adij)ose  tissue;  the  number  of  these 
sacculi  generally  varies  from  four  or  five  to  twenty,  but  in  rare  cases  it 
is  reduced  to  three,  two,  or  even  one.    The  size  of  these  glandulse,  and 

the  number  which 
open  into  the  same 

^  ^  hair-follicle,bearno 

proportion  to  the 
size  of  the  hair; 
but  are  rather  re- 
lated to  the  neces- 
sity which  may  ex- 
ist, on  the  several 
parts  of  the  siu-- 
face,  for  their  lu- 
brifying  secretion. 
Some  of  the  largest 
of  them  are  found 
in  connection  with 
the  fine  downy 
hairs  of  the  nose 
and  of  other  j^aiis 
of  the  face;  and 
their  orifices  being 
often  obstructed 
by  particles  of  fo- 
reign matter,  they 

Cutaneous  Glandulaj  of  external  meatus  auditorius:  —  a,  section  of  the  hcCOmO  distcudcd 

Cutis,  magnified  three  diameters;  b,  b,  hairs;  c,  c,  superficial  sebaceous  with  thpir  odinose 

glands;  a,  a,  larger  and  deeper-seated  glands,  by  which  the  cerumen  is  ^"^^  .   ®"  aUipOSe 

° Hair,  perforating  the  epidermis  at  c;  a,  a,  sebaceous  SCCretlOU,  and  UOt 


unffequently  afford 


secreted 

with  their  excretory  ducts  b,  b;  "d,  base'of  the  hair ,"inTL"douWrfomc1e  e,  e. 
— c,  cerumen-gland,  formed  by  the  contorted  tube,  a,  a,  of  the  excretory 

^'"^'^^        ramifications.    The  last  two  figures  highly   the  niduS  tO  a  Clui 
m    nil)  6  d  • 

ous  parasite,  which 

seems  to  belong  to  the  Arachnidan  class,  and  is  not  known  to  exist 
elsewhere,  t — The  development  of  the  Sebaceous  glandulse,  which  has  been 
recently  made  the  subject  of  careful  study  by  Prof  Kolliker,^  commences 
at  about  the  sixth  month  of  foetal  hfe,'  in  a  sort  of  excrescence  of  the 

•  See  Prof.  Horner  in  the  »  Amer.  Journ.  of  Med.  Sci.,"  Jan.  1846  ;  and  M.  Robin  in 
the  "Ann.  des  Sci.  Nat.,"  3ieme  ser.,  Zool.,  torn.  iii.  p.  380. 

t  See  Dr.  Gustav.  Simon,  in  »  Miiller's  Archiv.,"  1 842;  Mr.  Erasmus  Wilson,  in  "  Philos. 
Transact.,"  1844,  and  "  HeAlthy  Skin,"  3rd  edit.  pp.  50-53  ;  and  Prof.  Owen's  "  Lectures 


on  Comparative  Anatomy,"  vol.  i.  p.  252. 
J  "  Mikroskopische  Anatomic,"  band  ii. 


pp.  192-196. 
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Uular  lining  (root-sheath)  of  the  hair-foUicle  (Fig.  28,  a,  d),  which  is,  in 
act,  a  continuation  of  the  deeper  portion  of  the  Epidermis  (§  241).  Each 
it'  these  little  processes,  which  is  at  first  solid,  soon  assumes  somewhat 
)f  a  flask-shape,  through  the  narrowing  of  its  neck  (b,  d);  but  as  its 


Fig.  28. 

A  "    B  C 


Development  of  the  Sebaceous  Glands,  in  connection  with  the  hair-follicles,  from  a  Foetus  of 
six  months: — a,  incipient  development  of  the  glandular  papilla,  from  thecells  of  the  outer  root- 
sheath; — B,  the  same,  ha\'ing  assumed  the  flask-shape,  and  showing  the  first  appearance  of 
fat-cells  in  its  interior; — c,  extension  of  the  formation  of  fat-cells  through  the  pedicle,  and 
their  expulsion  into  the  hair-canal : — a,  hair;  6,  inner  root-sheath;  c,  outer  root-sheath ;  d,  in- 
cipient sebaceous  glands. 

development  advances,  a  group  of  cells  containing  fat-particles  appears 
I  in  its  centre,  and  gi-adually  extends  itself  along  the  axis  of  the  pedicle, 
Bintil  it  penetrates  through  the  root-sheath  (c)j  and  the  fat-cells  thus 
sescape  into  the  cavity  of  the  hair-follicle,  and  constitute  the  first  secre- 
coion  of  the  sebaceous  gland.    They  are  soon  succeeded  by  others  of  the 
iBame  kind,  and  the  -  Uttle  gland  is  estabUshed  in  its  office  j  additional 
i«accuH  and  recesses  being  subsequently  formed  by  the  budding-out  of  its 
ibellular  lining,  as  the  first  was  produced  by  out-growth  from  the  root- 
^  iheath.    The  purpose  of  the  Sebaceous  secretion  is  to  keep  the  Skin 
t  orn  being  dried  and  cracked  by  the  action  of  heat  and  of  air,  and  thus 
>  maintain  its  flexibihty ;  and  also  to  diminish  the  friction  between  those 
•arts  of  the  svu-face  which  move  one  over  another.    Hence  we  find  it 
■speciaEy  abundant  on  the  integument  of  the  face  and  head,  which  is 
iccessarily  more  exposed  than  that  of  any  other  part  to  the  sun  and 
fmosphere;  and  also  in  the  neighbourhood  of  the  joints.    Its  amount 
>  pecuharly  gi'eat  in  the  races  which  are  formed  to  inhabit  warm 
■li  mates ;  and  it  is  probable  that  habitual  exposure  of  the  surface  gene- 
■:illy  would  considerably  augment  the  quantity  of  unctuous  matter 
lOured  forth  for  its  lubrication. — The  Sudoriparous  glandulte  essentially 
'nsist  of  long  convoluted  tubes  (Figs.  27,  c,  and  125,  a,  a),  which,  how- 
yer,  are  rarely  single,  but  are  multiplied  by  repeated  dichotomous  sub- 
livision,  sometimes  also  giving  oif  short  CEecal  processes  before  their 
ormination.    These  are  seated  rather  beneath  the  Corium,  in  the  midst 
'f  the  subcutaneous  adipose  tissue,  than  in  the  substance  of  the  skin 
'  ^elf.    All  the  tubuli  of  each  gland  unite  so  as  to  form  but  one  duct ; 
"id  this  passes  upwards  through  the  Cutis  and  Cuticle,  in  a  somewhat 
"I'kscrew-like  manner,  to  open  upon  the  surface  of  the  latter,  which  it 
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usually  reaches  obliquely,  so  that  the  outer  layer  of  the  Epidermis  form« 
a  sort  of  little  valve,  which  is  lifted  by  the  secreted  fluid  as  it  issues  fortii. 
The  Ceruminous  glandule  of  the  meatus  auditorius,  and  the  Odoriferous 
glandulse  of  the  axilla,  are  mere  local  varieties  of  the  ordinary  sudoripar 
rous ;  cori'esj)onding  with  them  in  structure,  but  differing  in  the  character 
of  then*  secretion.  The  development  of  all  these  glandulae  seems,  ac- 
cording to  the  observations  of  Prof.  Kolliker  (Op.  cit.  pp.  167-172),  to 
commence  very  much  after  the  fashion  of  that  of  the  hair-follicles 
(§  247);  namely,  by  a  knob-Hke  projection  of  the  deeper  layer  of  the 
Epidermis,  which  is  received  into  a  hollow  of  the  Cutis.  This  gradually 
elongates,  so  as  to  penetrate  deeper  and  deej)er  into  the  skin;  and  a 
cavity  is  formed  along  its  axis,  which,  though  at  first  destitute  of  an  out- 
let, gradually  reaches  to  the  surface ;  whilst  at  the  same  time,  the  deeper 
portion  becomes  coiled  upon  itself,  and  the  number  of  tubes  increases  by 
out-growth  from  the  one  first  formed.  The  secretory  action  of  these 
glandidse  has  reference  rather  to  the  wants  of  the  economy  in  general, 
than  to  the  special  functions  of  the  Skin ;  and  it  will,  therefore,  be  more 
aj^propriately  considered  hereafter  (chap.  xii.  sect.  4). 

239.  The  Cutis  is  very  copiously  supphed  with  Blood-vessels,  which 
distribute  blood,  through  capillaiy  plexuses  of  great  minuteness,  to  the 
sweat-glands,  hair-follicles,  and  fat-clumps  of  its  deeper  portion,  and  then 
form  a  dense  network  near  its  surface,  from  which  looped  branches  are 
sent  up  into  the  papillae,  the  distribution  of  these  last  being  nearly  the 
same  whether  the  papilla)  are  endowed  with  tactile  sensibihty,  or  are  sub- 
ser^'ient  to  the  formation  of  the  nail-substance.*  The  Lymphatics  of 
the  skin,  also,  are  very  numerous,  and  form  minute  plexuses  near  the 
surface.  A  copious  supply  of  Nerves,  too,  is  sent  to  the  skin;  especially  to 
such  parts  of  it  as  are  thickly  set  with  tactile  papillae ;  these  form  a  minute 
plexus  through  the  whole  substance  of  the  skin,  which  becomes  finer  and 
closer  as  it  approaches  the  surface,  its  branches  at  length  coming  to  con- 
tain but  one  or  two  fibres  each ;  and  from  the  most  superficial  portion  of 
the  plexus,  fibres  pass  up  into  the  papillee,  which  there  terminate  in 
loops,  t — Thus  we  see  that  the  Vascularity  of  the  Skin  has  pm'poses  very 
difierent  from  those  which  it  answers  in  the  Mucous  membranes ;  a  lai'ge 
part  of  the  blood  which  this  tissue  receives,  being  destined  to  afford  to 
the  nerves  of  Touch  the  means  of  their  activity;  and  one  chief  office  of 
the  remainder,  being  to  supply  the  material  for  the  production  of  the 
protective  Epidermis  and  its  appendages.  It  is  only  in  the  excretory 
action  of  the  Sudoriparous  glandulae,  and  in  the  slight  absorptive  power 
which  the  Skin  possesses,  that  we  trace  any  functional  relation  to  the  great 
Mucous-membrane  system.  The  Skin,  in  fact,  ministers  almost  as  ex- 
clusively to  the  operations  of  Animal  Ufe,  as  do  the  Mucous  Membiunes 
to  that  of  Organic  life. — The  nutrition  of  the  various  textm-es  composing 

*  It  is  a  curious  circumstance  that  the  under  surface  of  the  Dog's  foot  has  a  set  of  MB® 
composite  pnpillse,  that  are  concerned  in  the  formation  of  its  thick  cuticular  investment;  wmen, 
so  far  as  the  arrangement  of  their  vessels  is  concerned,  closely'  resemble  those  of  the  fungi- 
form papillae  of  the  tongue.  _  ; 

+  The  existence  of  this  mode  of  termination  of  the  Nerve-fibres,  first  admitted  on  tlie 
authority  of  Gerber,  and  confirmed  by  Purkinje  and  Krause,  but  looked-for  in  vain  by  other 
equally  competent  observers,  has  been  lately  established  by  Prof.  Kolliker  ("  Mikroskopische 
Anatomie,"  band  ii.  pp.  24-31),  who  states  that  it  may  be  traced  with  comparative  ease,  i 
the  skin  be  first  steeped  in  a  weak  solution  of  caustic  soda. 
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Fig.  29. 


lie  Skin  may  be  considered  to  take  place  with  an  activity  proportionate 
^  )  their  several  requirements ;  thus,  whilst  the  various  glandular  organs, 

0  hair-follicles,  the  nervous  papilloe,  and  the  muscular  fibres,  are  con- 
.iially  drawing  new  elements  from  the  blood,  it  is  probable  that  the 
irons  tissues  which  constitute  the  essential  basis  of  this  texture  are 
A  more  rapidly  renewed  than  they  are  elsewhere  (§  220).    The  rege- 

■ation  of  the  Skin,  after  the  loss  of  a  portion  of  it  by  disease  or  injury, 

effected  with  almost  entire  completeness.  The  new  tissue  is  at  first 
lore  dense  and  less  vascular  than  the  old  j  but  it  soon  gives  such 
'  lications  of  sensibiUty  as  make  it  evident  that  nerve-fibres  must  be 
fry  early  formed  in  its  substance ;  and  the  epidermis  is  normally  deve- 
iped  from  its  surface.  It  has  been  asserted  that  no  tactile  papillae  are 
rer  formed  upon  regenerated  skin,  and  that  in  the  Negro  the  pig- 
lent-cells  are  not  reproduced,  so  that  the  cicatrix  remains  light.  Neither 

these  statements,  however,  is  correct;  though  it  is  quite  true  that 
lue  time  elapses  before  the  pigment-cells  of  the  Negro  epidermis  are 
irmed  again  in  their  usual  amount.     It  is  not  yet  certain  that  the 
\ir-folhcles  and  sudoriparous  glands  are  formed  in  regenerated  skin. 

240.  The  Epidermis  usually  forms  a  thin  semi-transparent  pellicle,  in 
ose  apposition  with  the  surface  of  the  Cutis,  filling  up  the  spaces  between 
3  papiUffi,  so  as  to  obliterate  its  inequalities, 
id  investing  the  whole  with  a  stratum  of 
?arly  uniform  thickness  (Figs.  30,  31);  so 

1  at  whilst  its  under  side  is  pitted  for  the 
'  'eption  of  the  cutaneous  papillae,  its  outer 
■  free  sm-face  is  nearly  level.  In  some  parts, 
jwever,  the  Epidermis  is  enormously  in- 
eased  in  thickness ;  such  being  particularly 
'C  case  with  those  spots  which  are  subjected 
'  continual  pressure  or  fric'tion,  such  as  the 
ilms  of  the  hands  and  the  soles  of  the  feet, 
s  substance  consists  of  a  series  of  flattened 
ale-like  cells,  which,  when  first  formed,  are 
iheroidal,  but  which  gradually  dry  up,  their 
iclei  also  at  last  disappearing.  These  form 
voral  layers,  of  which  the  deeper  can  be  seen 
'ly  distinctly  to  possess  the  cellular  charac- 
1",  whilst  the  external  layers  are  scaly ;  and 
tween  these,  all  stages  of  transformation 
ly  be  traced  (Fig.  29), — the  outer  layers 
■iiig  continually  thrown  off  by  desquama- 
'11,  whilst  new  ones  are  as  constantly  being 
l  ined  below.    The  outer  and  inner  portions 

the  Epidermis,  however,  present  a  marked 
fFerence  in  character,  which  is  made  still  „,)^''!l'?[f,'!!?,r'^  ^''"^f""''' 

'  palm  ot  the  hand : — a,  outer  portion, 

"le  apparent  by  the  use  of  reagents;    for   composed  of  flattened  scales;  a,  inner 

i.ilst  the  former  (Fig.  30,  a)  is  a  comparatively  r^^^^Z^"^ 
in  homy  membrane,  which  is  not  affected  ^S"""^'.,^!  the  section  higher  up, 

lipr   V>t/  „^„4.-         -1  \  J       X  T       Magnified  155  diameters. 

'ler  by  acetic  acid,  or  by  a  moderately 

"^ng  solution  of  potash,  the  latter  is  soft  and  deficient  in  tenacity,  and 
dissolved  (or  at  least  reduced  to  an  apparently  structureless  condition) 
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when  treated  with  either  of  these  liquids.  They  are  further  distinguished 
in  the  operation  of  vesicating  agents;  for  the  fluid  which  they  cause  to 
be  effused  ft-om  the  vessels  of  the  cutis,  raises  little  else  than  the  outei- 


Fig.  30. 


Fig.  31. 


Vertical  section  of  the  Skin  of  the 
Thumb,  showing  the  Epidermis  and  outer 
layer  of  the  Corium  ;  treated  with  acetic 
acid:  —  a,  horny  layer  of  Epidermis;  b, 
mucous  layer;  c,  cutis  vera;  d,  single 
papilla;  e,  composite  papilla;  /.epithe- 
lium of  the  perspiratory  duct,  continuous 
with  the  mucous  layer  of  the  epidermis ; 
£7,  canal  of  the  same  through  the  cutis ; 
h,  its  passage  through  the  horny  portion ; 
J,  perspiratory  pore. 


Vertical  section  of  the  Shin  of  the  Thigh 
of  a  Negro,  more  highly  magnified  : — 
a,  a,  a,  three  papillie  of  the  Cutis;  b,  0, 
deepest  layer  of  columnar  cells,  deeply 
coloured;  c,  spheroidal  cells  filling  up  the 
spaces  between  the  papilite,  still  dark;  d, 
upper  more  faintly  coloured  portion  of  the 
mucous  layer  of  the  epidermis ;  e,  horny 
layer,  with  scarcely  any  perceptible  colour. 


horny  layer  of  the  cuticle,  as  it  passes 
readily  thi'ough  the  softer  tissue  be- 
neath. The  internal  layer  of  the 
cuticle  (Fig.  30,  b)  was  formerly  sup- 
posed to  be  a  distinct  structm-e,  and 
was  termed  the  rete  mucosum,  or  stror 
turn,  Malpighii;  it  is  now  well  known,  however,  to  be  chiefly  formed 
by  the  younger  portion  of  the  epidermis,  whose  cells  are  not  yet  consoli- 
dated by  the  formation  of  horny  matter  in  their  interior.  In  immediate 
contact  with  the  basement-membrane  of  the  cutaneous  papillae,  however, 
there  is  usually  found  a  layer  of  elongated  cells,  resembling  those  of 
columnar  epithelium,  arranged  perpendicularly  to  the  surface  of  the 
corium  (Fig.  ^\,h,h);  sometimes  two,  or  even  three  strata  of  such  cells 
present  themselves.  They  ai'e  obviously  different  in  character  fi-om  those 
of  the  superjacent  layers,  for  they  resist  the  action  of  a  solution  of  potash 
that  is  strong  enough  to  dissolve  the  latter,  though  they  ai*e  themselves 
dissolved  by  a  stronger  solution,  which  does  not  act  upon  the  horny  layer 
of  the  cuticle  and  it  seems  not  improbable  that  these  permanently 
retain  their  place,  and  are  not  successively  carried  to  the  sm-face  by  the 
formation  of  new  layers  beneath,  as  are  the  spheroidal  cells  (Fig.  31,  c,d) 
which  lie  upon  them.  In  what  way  these  spheroidal  ceUs  originate,  has 
not  yet  been  ascertained.  It  has  been  generally  supposed  that  they  are 
formed  upon  firee  nuclei  in  the  midst  of  a  blastema  that  intervenes 


See  Messrs.  Todd  and  Bo-wman's  "  Physiological  Anatomy,"  vol.  i.  p-  414. 
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l>eneatli  the  cutis  and  the  '  stratum  Malpighii but  the  researches  of  Prof. 
IvoUiker  tend  to  negative  this  idea,  and  to  render  it  probable  that  they 
multiply  by  endogenous  production.*  In  whatever  mode  they  are  gene- 
ated,  the  nutriment  which  they  require  for  their  growth  and  development 
must  be  di-awn  from  the  vessels  of  the  Cutis,  through  the  medium  of  the 
i  )asement-membrane ;  since,  however  thick  may  be  the  substance  of  the 
Epidermis,  it  is  never  penetrated  by  vessels.  The  Epidermis  is  pierced 
bv  the  excretory  ducts  of  the  sebaceous  and  sweat-glands,  those  of  the 
iutter  passing  through  it  with  a  somewhat  corkscrew-like  turn  (Fig.  30,  g,  i), 
;md  both  being  lined  with  an  epithelium  (/)  which  is  continuous  with 
that  of  the  mucous  lixyev  of  the  cuticle.  It  is  also  pierced  by  the  Hairs, 
with  whose  substance  (as  we  shall  presently  see)  it  has  a  like  relation  of 
continuity  thi'ough  their  foUicles.  The  horny  layer  has  the  same  chemical 
composition  with  Nails,  Hoofs,  Horns,  Hair,  and  Wool ;  the  formula  of  all 
L.f  them  being  48  c,  39  h,  7  n,  17  o. 

241.  The  Epidermis  covers  the  whole  exterior  of  the  body,  not  except- 
ing the  Cornea  and  the  Conjunctival  membrane,  where,  however,  it  has 
more  the  character  of  an  Epithelium ;  this  continuity  is  well  seen  in  the 
cast  skin  or  slough  of  the  Snake,  in  which  the  covering  of  the  front  of  the 
eve  is  found  to  be  as  perfectly  exuviated  as  that  of  any  part  of  the  sm-face. 
The  Epidermis  appeal's  solely  destined  for  the  protection  of  the  true  Skin, 
from  the  mechanical  injury  and  the  pain  occasioned  by  the  slightest 

lirasiou,  and  fi'om  the  irritating  influence  of  exposure  to  air  and  of 

lianges  of  temperature :  we  perceive  the  value  of  this  protection,  when 
it  has  been  accidentally  destroyed.  The  cuticle  is  very  sjjeedily  and 
completely  rejjlaced,  however;  the  increased  determination  of  blood  to 
the  Cutis,  which  is  the  consequence  of  the  irritation,  being  favourable  to 
the  accelerated  production  of  Epidermic  cells  from  its  surface.  It  is 
probable  that  pressure  and  friction  may  act  in  the  same  manner;  for 
although  the  pecuhar  thickness  of  the  Epiderinis'on  the  palms  and  soles 
iS  well  marked  even  in  the  foetus  (in  obvious  prepai'ation  for  the  future 
requirements  of  these  parts),  yet,  when  parts  of  the  surface  on  which  the 
Cuticle  was  originally  thin,  are  habitually  exposed  to  pressure  or  friction, 

ts  substance  undergoes  a  great  augmentation. — The  Cuticle  is  completely 
I  exuviated  at  the  close  of  some  Exanthematous  diseases,  especially  Scarla- 
tina; and  we  are  probably  to  regard  this  as  one  of  the  modes  in  which 
laorbific  matter  is  ehminated  from  the  system  (§  215).  It  usually  'de- 
-i([uamates'  in  minute  shreds,  or  peels  off  in  larger  patches;  but  sometimes 

he  entu-e  cuticle  of  the  hand  or  foot,  even  with  the  nails  attached,  comes 
jff  at  once,  like  a  glove  drawn  from  the  hand.    A  new  Epidermis  is 

'Iways  pre-formed  beneath  that  which  is  thus  shed;  as  in  the  normal 

vuAdation  of  the  lower  animals. 

242.  Mingled  with  the  ordinary  Epidermic  cells,  we  find  some  which 
■Crete  Colouring-matter;  these  are  termed  Pigment-cells.  They  are  not 
■achly  distinguishable  in  the  Epidermis  of  the  fair  races  of  mankind, 
xcept  in  certain  parts,  such  as  the  areola  around  the  nipple,  and  in 

freckles,  neevi,  &c.    But  they  are  very  obvious,  on  account  of  their  dark 
I'ue,  in  the  newer  layers  of  the  Epidermis  of  the  Negi'o  and  other  coloured 
Lces;  and,  like  tme  Epidermic  cells,  they  diy  up,  and  become  flattened 

•  See  his  "  Mikroskopische  Anatomic,"  baud  ii.  14-22. 
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scales,  in  passing  towards  the  surface,  thus  constantly  remaining  ditjperseii 
through  its  substance,  and  giving  it  a  dark  tint  when  it  is  separated  and 
held  up  to  the  light.    The  colour  is  more  apparent  in  the  cells  of  tlie 
'  stratum  Malpighii,'  than  it  is  in  those  of  the  horny  layer ;  and  it  is  pai' 
ticularly  deep  in  the  stratum  of  columnar  cells  that  hes  in  immediai 
contact  with  the  surface  of  the  Cutis  (Fig.  31,  b,  h). — In  all  races  of  men, 
however,  we  find  the  most  remarkable  development  of  Pigment-ceUs  on 
the  inner  surface  of  the  Choroid  coat  of  the  eye ;  where  they  form  several 
layers,  known  as  the  Pigmentum  nigrum.    When  examined  separately, 
these  are  found  to  have  a  polygonal  form,  and  to  have  a  distinct  nucleus 
in  their  interior  (Fig.  32).    The  black  coloiir  is  given  by  the  accumula- 
tion, within  the  cell,  of  a  number  of  flat, 
rounded  or  oval  granules,  measuring  about 
1-2  0,000th  of  an  inch  in  diameter,  and  a 
quarter  as  much  in  thickness;  these,  when 
separately  viewed,  are  observed  to  be  tranS' 
parent,  not  black  and  opaque ;  and  they  exhibit 
an  active  movement  when  set  free  from  the 
cell,  and  even  whilst  enclosed  wdthin  it. — The 
Pigment-cells  ai'e  not  always  of  a  simple 
rounded  or  polygonal  form;  they  sometimes 
jDresent  remai'kable  stellate  prolongations,  such 
as  those  seen  in  the  skin  of  the  Frog  (Fig.  66); 
and  occasionaDy,  the  cells  being  more  nearly 
approximated  to  each  othei',  these  prolonga- 
tions communicate,  so  as  to  form  a  kind  of 
network. — The  Chemical  nature  of  the  Black 
pigment  has  not  yet  been  distinctly  ascertained ;  it  has  been  shown,  how- 
ever, to  have  a  very  close  relation  mtli  that  of  the  Cuttle-fish  ink,  or 
Sepia,  which  derives  its  colour  from  the  pigment-ceUs  of  the  ink-bag,  and 
to  include  a  larger  proportion  of  cai'bon  than  most  other  organic  sub- 
stances,— every  100  parts  containing  58 1  of  that  element. 

243.  It  cannot  be  doubted  tliat  the  development  of  the  Pigment-ceUs 
of  the  Skin  is  very  much  influenced  by  exposure  to  light ;  and  in  this 
respect  there  is  a  remarkable  correspondence  between  Animals  and  Plants, 
— the  coloration  of  the  latter,  as  is  AveU  known,  being  entirely  due  to 
that  agent.  Thus,  it  is  a  matter  of  familiar  experience,  that  the  influence 
of  light  upon  the  skin  of  many  individuals,  causes  it  to  become  spotted 
with  \)Xoym  freckles ;  these  fr-eckles  being  aggxegations  of  brown  pigment- 
cells,  which  either  owe  their  development  to  the  stimulus  of  light,  or  are 
enabled  by  its  agency  to  perform  a  decided  chemical  transformation, 
which  they  could  not  otherwise  effect.  In  hke  manner,  the  swaithy  hue, 
which  many  Europeans  acquire  beneath  exposure  to  the  sun  in  tropical 
climates,  is  due  to  a  development  of  dark  pigment-ceUs ;  and  to  this  we 
usually  find  the  gi-eatest  disposition  in  individuals  or  races,  that  are 
already  of  a  somewhat  dark  complexion.  The  deep  blackness  of  the 
Negi'o  skin  seems  dependent  upon  nothing  else  than  a  similar  cause, 
operating  through  successive  generations  (chap.  xx.).  It  is  well  known 
that  the  new-born  infants  of  the  negro  and  other  dark  races,  do  not 
exhibit  nearly  the  same  depth  of  colour  in  their  skins,  as  that  wliich  they 
present  after  the  lapse  of  a  few  days,  when  light  has  had  time  to  exert  its 


Colls  from  Pigmentum  Nigrum  : — 
«,  pigmentary  griinulcs  conoealing 
tlic  nucleus;  i,  the  nucleus  distinct. 
Wiignifieil -410  di.imeters. 
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luencc  iipou  their  surface  j  and  fiu'tlier,  that  in  those  individuals  who 
.L'op  themselves  diuing  life  most  secluded  from  its  influence,  we  observe  the 
l;  litest  hue  of  the  ej)idermis.    Thus  among  the  intertropical  nations,  the 
anilies  of  Chiefs,  which  ai'e  not  exposed  to  the  sun  in  the  same  degree 
ith  the  common  people,  almost  always  present  a  lighter  hue ;  and  in 
lue  of  the  islands  of  the  Polynesian  Archipelago,  bordering  on  the 
Equator,  they  are  not  darker  than  the  inhabitants  of  Southern  Europe. — 
occasional  development  of  dark  j)igment-cells  takes  place  during  preg- 
i;incy,  in  some  females  of  the  fair  races;  thus  it  is  very  common  to  meet 
.h  an  extremely  dark  and  broad  areola  round  the  nipple  of  pregnant 
men;  and  sometimes  large  patches  of  the  cutaneous  sm-face,  on  the 
wer  part  of  the  body  especially,  become  almost  as  dark  as  the  skin  of  a 
s'egro. — On  the  other  hand,  individuals  are  occasionally  seen  with  an 
utii'e  deficiency  of  pigment-cells,  or  at  least  of  their  proper  secretion ;  and 
liis  not  merely  in  the  skin,  but  in  the  eye :  such  persons,  termed  Albinoes, 
ve  met  with  ahke  among  the  fair,  and  among  the  dark  races.  The 
bsence  of  coloui'  usually  shows  itself  also  in  their  hair,  which  is  almost 
vhite. 

244.  The  Nails,  like  Hoof,  Horn,  &c.,  may  be  regarded  as  nothing 
acre  than  an  altered  form  of  Epidermis.  When  their  newest  and  softest 
)oii;ions  are  examined,  they  are  found  to  consist  of  nucleated  cells  (Fig. 
!3,  b),  resembling  those  of  the  newer  layers  of  Epidermis;  but  in  the 
acre  superficial  laminae  (c)  no  distinct  structure  can  be  distinguished  with- 
ut  the  assistance  of  reagents.  When, 
owever,  a  thin  slice  of  the  nail  is  im- 
lersed  for  some  little  time  in  a  dilute 
jlution  of  caustic  potash  or  soda,  its 

sue  swells  up,  and  its  component  cells, 
liough  previously  flattened  and  corn- 
acted  together,  reassume  their  sphe- 
'  lidal  form,  and  display  themselves  in , 
lie  most  beautiful  manner  (as  was  first 
ointed  out  by  Bonders)  ;  their  nuclei, 
owever,  are  no  longer  distinguishable 
'  the  most  superficial  layers. — The  Nail 
^  produced  from  the  surface  of  the 
orium  that  lies  beneath  it,  which  is 
'Ided  into  a  groove  at  its  root;  this 
irface  is  highly  vascular,  and  is  fur-     obUque  section  through  the  iwv/w*  o/ 

•1    J     -.1    1        .,     T     11        ,1-1  i\rai7.— A,  Cutis  of  the  bed  of  the  nail;— B, 

iSliea  with  longitudinal  elevated  ridges  mucous  layer  of  the  nail;— c,  horny  layer  of 

«V  to  whioh  blnnrl  vp^cipIs!  nrp  pnni-  the  same,  or  true  nail-substance;  a,  papilUe 

,  It;,  LU  \vmon  DlOOa-veSSeiS  are  COpi-  of  the  nail-matrix ;  b,  cells  of  the  Mati.ighian 

ilsly  distributed,    and    between  which  stratum  of  the  nall;  c,  ridges  of  the  true  nail- 

ifi    o^P+    ,•,           1               /•  xi            M    J*  substance;  d,  deepest  layer  of  perpendicular 

IC    son    inner    layer    of  the    nail  dips  cells  of  the  mucous  portion  of  the  nail;  e, 

'>Wn  (h),   like  the  Malpighian  layer  of  upper  layer  of  flattened  cells  of  the  same; 

,•' \    ,                 1                            .11  /,  nuclei  of  the  true  nau-substanee. 

'e  cuticle  between  the  sensory  papillas. 

he  increase  of  the  Nail  in  length  is  effected  by  successive  additions  to  its 
causing  the  whole  nail  to  shift  onwards ;  but  as  it  moves,  it  receives 

Iditional  layers  from  the  subjacent  skin,  which  increase  its  thickness. 

ccorfhng  to  the  observations  of  M.  Beau,  the  rate  of  growth  in  the 
of  tlie  hands  is  about  2-/)tlis  of  a  line  per  week ;  whilst  the  njiils  of 

't;  feet  rcciuirc  four  weeks  for  the  same  increase.    Thus,  the  length  of 
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the  thumb-nail  (inckiding  the  portion  hidden  from  sight)  being  8  hnes 
the  period  occupied  in  its  growth  would  be  twenty  Aveeks;  whilst  the 
nail  of  the  great  toe,  in  like  manner,  being  9  lines  in  length,  requires 
ninety-six  weeks,  or  nearly  two  years.  It  has  been  farther  remarked  by 
M.  Beau,  that  although  the  rate  of  growth  of  the  nails  is  not  much 
aflFected  by  disease,  the  amount  of  nutriment  they  receive  is  usually  so 
much  diminished,  that  the  portion  of  nail  then  produced  is  perceptibly 
thinner,  and  may  be  distinguished  on  the  surface  as  a  transverse  gi-oove. 
The  bi-eadth  of  this  groove  indicates  the  duration  of  the  disease,  and  its 
depth  marks  the  seriousness  of  the  disturbance  of  the  nutritive  fimctions; 
whilst  its  distance  from  the  root  corresponds  with  the  length  of  time  that 
has  elapsed  since  recovery.*  When  a  Nail  has  been  removed  by  \dolence, 
or  has  been  thrown  off  in  consequence  of  the  formation  of  pus  beneath  it, 
a  comijlete  regeneration  speedily  takes  place,  provided  that  the  matrix  has 
received  no  serious  injury.  The  Nail  is  continuous  with  the  true  Epi- 
dermis at  every  part,  except  at  its  free  projecting  edge,  where  also  the 
continuity  is  maintained  in  the  foetus;  so  that  it  may  be  regarded  as 
nothing  else  than  an  extraordinaiy  development  of  epidermic  structure, 
designed  to  answer  certain  special  purposes  of  a  pxu'ely  mechanical  nature. 

245.  The  Hair,  as  originally  consisting  of  Epidermic  cells,  may  be  pro- 
perly described  here ;  although,  when  fully  formed,  it  departs  widely  (in 
Man  at  least)  from  tlie  cellular  type.  It  has  been  imagined  until  recently, 
that  the  Hair,  in  common  with  tlie  other  Epidermic  tissues,  is  a  mere 
product  of  secretion ;  its  material,  which  is  chiefly  horny  matter  of  the 
same  composition  wdth  that  of  the  E]jidermis  and  its  appendages,  being 
elaborated  from  the  surface  of  the  pulp  at  its  base.  It  is  now  known, 
however,  to  contain  a  distinctly  organized  striicture;  and  to  be  formed  by 
the  conversion  of  a  cellular  mass  at  its  root  (§  246).  Although  the  Haira 
of  different  animals  vary  considerably  in  the  appearances  they  jDresent,  we 
may  generally  distinguish  in  them  two  elementary  parts ;  a  cortical  or  in^ 
vesting  substance,  of  a  fibrous  horny  texture ;  and  a  medullary  or  j)ith- 
like  substance,  occupying  the  inteiior.  The  relative  proportions  in  which 
these  present  themselves,  are  subject  to  great  variation;  some  hairs  being 
almost  entirely  composed  of  the  medidlary  substance,  and  others  almost 
as  exclusively  of  the  cortical.  The  fullest  development  of  both,  however, 
is  to  be  found  in  the  spiny  hairs  of  the  Hedgehog,  and  in  the  quills  of  the 
Porcupine,  which  are  but  hairs  on  a  magnified  scale :  then-  cortical  sub- 
stance forms  a  dense  horny  tube,  to  which  the  firmness  of  the  structure 
seems  chiefly  due;  whilst  the  meduUaiy  substance  is  composed  of  an 
aggi-egation  of  veiy  large  cells,  which  seem  not  to  possess  any  fluid  con- 
tents in  the  part  of  the  hair  that  is  completely  formed,  but  are  occupied 
by  air  only.  We  shall  see  that  in  the  Human  hair,  the  predominant 
substance  is  that  which  coi-responds  to  the  '  cortical '  of  that  of  the  lower 
animals. — The  diameter  of  the  Hair  is  subject  to  great  variation;  ranging, 
on  the  heads  of  different  individuals  (according  to  the  observations  of  Mr. 
Erasmus  Wilson  t),  from  l-1500th  to  l-140th  of  an  inch;  and  from 
1-1 500th  to  l-230th,  even  in  the  same  individual.  The  average,  however, 
seems  to  be  about  l-400th  of  an  inch,  and  is  rather  greater  in  the  female 
than  in  the  male.    As  a  general  rule,  flaxen  hair  is  the  finest,  and  black 

*  See  Mr.  Erasmus  Wilson's  "  Hoaltliy  Skin,"  3rd  edit.  pp.  14-18.       t  Op.  cit,  p.  59. 
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the  coarsest;  and  the  most  extensive  range  is  found  in  hght  brown  hair. 
The  hair  of  the  beard  and  whiskers  is  considerably  coarser  than  that  of 
the  head;  the  former  having  measiu-ed  l-200th  of  an  inch,  when  the 
average  of  the  latter  was  l-350th. — When  the  sm-face  of  the  shaft  of  the 
Han-  is  cai'efully  examined,  it  is  seen  to  be  covered  with  a  layer  of  flat- 
tened cells  or  scales,  ai-rauged  in  an  imbricated  manner  (Fig.  35,  c),  their 
edges  forming  delicate  lines  upon  the  surface  of  the  hair,  which  are  some- 
times transverse,  sometimes  oblique,  and  sometimes  apparently  spiral 
(Fig.  34,  a).  Within  this  we  find  a  cylinder  of  fibrous  texture,  Avhich 
forms  the  principal  part  of  the  shaft  of  the  hair ;  the  constituent  fibres  of 
this  substance,  which  are  mai'ked  out  by  dehcate  longitudinal  strise  that 
may  be  traced  in  vertical  sections  of  the  hair  (Figs.  34,  b,  35,  h),  may  be 
separated  by  crushing  the  hair,  especially  after  maceration  in  acid;  and 
each  of  them  consists,  as  has  been  shown  by  Prof  Kolliker,*  of  a  fascicu- 
lus of  flattened  cells  of  a  fusiform  outline. — It  has  been  further  shown  by 
Kolliker,  that  the  colom-  of  this  portion  of  the  hair  is  due,  not  only  to  the 
presence  of  pigmentary  granules,  either  collected  into  patches,  or  diffiised 
thi-ough  its  substance ;  but  also  to  the  existence  of  a  multitude  of  lacu- 
milcE  containing  air,  which  cause  it  to  appear  dark  by  transmitted  and 
white  by  reflected  light.  Within  the  hollow  cylinder  of  fibrous  substan'ce, 
is  found  a  canal  which  is  occupied  by  the  medullary  portion  of  the  hair 
(Fig.  34,  c) ;  this  consists  of  cells  which  retain  more  or  less  of  the  spher- 


FiG.  34. 


structure  of  Human  Hair; — A,  external  surface  of  the  shaft,  showing  the  transverse  striae  and 
jagped  boundary,  caused  by  the  imbrications  of  the  scaly  envelope ;  b,  longitudinal  section  of  the 
shaft,  showing  the  fibrous  character  of  the  cortical  substance,  and  the  arrangement  of  the  pig- 
mentary matter;  c,  transverse  section,  showing  the  distinction  between  the  transparent  envelope, 
the  cylinder  of  cortical  substance,  and  the  medullary  centre;  d,  another  transverse  section  show- 
ing deficiency  of  medullary  substance.    Magnified  310  diameters. 

oidal  shape  (Fig.  35,  a) ;  and  it  generally  presents  a  darker  hue  than  the 
cortical  substance,  pai'tly  through  the  presence  of  a  larger  quantity  of  pig- 
mentary matter  in  its  cells,  but  chiefly  through  the  greater  number  of  air- 
spaces that  lie  amongst  them.  The  medullary  substance,  however,  is  not 
unfrequently  wanting;  being  usually  deficient  in  the  fine  hairs  scattered 
over  the  general  surface  of  the  body,  and  not  being  always  present  in  the 
ordinary  hairs  of  the  head  (d). — The  chemical  composition  of  Hair,  as 
already  stated,  is  precisely  the  same  with  that  of  the  horny  Epidermis 
(§  240).    Its  colouring  matter  seems  related  to  Ha3matine;  it  is  bleached 

*  "  Mikroskopische  Anatomie,"  band  ii.  p.  lO/i, 
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Fig.  35. 


by  Chloi  "iue  j  and  its  hue  appears  to  be  dependent  in  part  upon  the  pre- 
sence of  iron,  which  is  found  in  larger  proportion  in  dark  tlian  in  hght 
hair  (§  87). 

246.  The  real  nature  of  the  dilferent  components  of  the  Hair,  and  their 
relation  to  those  of  the  Epidermis,  is  ascertained  by  examining  them  at 
its  base,  and  by  tracing  then*  origin  and  connections.  The  hair  expands  at 

the  base  of  the  shaft  into  a  bulbous  enlarge- 
ment ;  and  this  is  lodged  within  a  follicle, 
formed  by  a  depression  of  the  Cutis,  and 
lined  by  a  continuation  of  the  Epidermis.  The 
exterior  of  this  follicle  (Fig.  35)  is  bounded 
by  a  fibrous  membrane,  derived  from  the 
Corium,  whose  fibres  are  longitudinally 
arranged  {k) ;  within  this  is  another  layer, 
whose  fibres  lie  transversely  (i) ;  and  with- 
in this,  again,  is  a  structureless  membrane, 
corresjDonding  to  the  basement-membrane 
of  other  parts.  The  Epidermic  lining  of 
this  follicle,  which  constitutes  what  is 
known  as  the  '  root-sheath,'  is  composed 
of  two  jDrincipal  layers,  the  one  {(/)  in  con- 
tact with  the  corium  being  the  continua- 
tion of  the  stratum  MaljDighii,  and  the  one 
nearest  the  hair  (e,/)  bearing  a  like  rela- 
tion to  the  horny  layer.*  At  the  deepest 
portion  of  the  folhcle,  according  to  Prof. 
KoUiker,  there  arises  a  minute  isapillaiy 
elevation  of  the  Corium  (l),  which  occupies 
the  centre  of  the  hair-bulb;  and  over  this 

Hair-bulb  of  a  well-developed  Human   WC   find  a  gl'Cat  accumulation  of  Cclls  of 

^:;::'^:^"t^;k:^:':^\:t  spheroidal  form,  which  are  obviously  con- 

tinet  cells;  A,  fibrous  cortical  substance;  tinUOUS  at  m  witll  those  of  the  OUter  root- 

c,  d,  inner  and  outer  layers  of  the  scaly  1,1          i     i  •  1           •  j_ 

envelope;  e,/,  inner  and  outer  layers  of  Shcath,  and  whlch  are  m  CVCry  rCSpOCt  aua- 

the  internal  root-sheath :  £r,  external  root-  Iq^ouS  tO  thoSO    of  the  MalpighiaU  layer 

sheath;  h,  structureless  membrane;  t,  o        -r^   ■  ■•        ■        mi              i           p  •    i  • 

trnnsverse-fibre-stratum ;       longitudinal  of  the  EpidcrmiS.      The  envelope  of  imbri- 


fibre-stratum  ;  /,  hair-papilla;  m,  lowest  t-pqlpsj  nn  thp  n fli Pr  h mi H  wlnVh 

cells  of  the  hair-bulb,  continuous  with    CateCl  SCaiCS  \C,  CI),  OU  tnc  OCUei  naUQ,  wmou 

those  of  the  external  root-sheath ;  n,  per- 
pendicularly -  arranged  nucleated  cells, 
which,  near  (j,  become  non-nucleated,  and 
are  continuous  with  the  inner  layer  of  the 
scaly  envelope ;  o,  small  perpendicularly 
arranged  cells,  likewise  nucleated,  pass- 
ing into  the  outer  layer  of  the  same ;  p, 
lowest  portion  of  the  inner  root-sheath  ; 


the  bulb  as  well  as  the  shaft  of  the  hair 
presents,  commences  deej)  in  the  follicle  as 
a  double  layer  of  nucleated  cells  (n,  o), 
which  forms  a  kind  of  duplicature  of  the 
  outer  or  horny  stratum  of  the  Cuticle. 

r,  commencement  of  the  medullary  sub-  The  fusiform  Cells  of  the  fibrOUS  portion  of 
stance  in  the  condition  of  colourless  cells;  ^     n,  ,•  -ji  r  xl  « 

s,  part  where  the  cells  of  the  bulb  begin  the  shait  are  COntUlUOUS  With  tllOSe  01  tllC 
visibly  to  lengthen  themselves,  to  form  g^^.^        ^J^g  hair-bulb,  which  ai'e  SeCU 

the  fusiform  cells  of  the  shaft.  ^^^^  v  .       /  \         1  1  J 

to  undergo  elongation  (s),  as  they  ai'e  pusnea 
upwards  by  the  development  of  new  cells  beneath;  and  thus,  as  they 

*  According  to  Prof.  KolHker,  it  is  by  the  laceration  of  a  layer  of  flattened  cells  without 
nuclei,  which  forms  the  outer  stratum  of  the  inner  Layer  of  the  root-sheath,  that  the  so-called 
'  fenestrated  membrane  '  is  produced,  the  presence  of  which  between  structures  corresponding 
to  the  Malpighian  and  horny  layers  of  the  Epidermis,  has  been  a  subject  of  much  perplexity 
to  Microscopists. 
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arc  at  the  same  time  narrowed,  the  shaft  comes  to  be  of  less  diameter 
than  the  bulb  at  its  base.    The  cells  of  the  medullary  substance  are 
derived  with  less  change  from  those  of  the  interior  of  the  hair-bulb ; 
they  are  at  first  colourless  (r),  but  gradually  acquire  the  dark  aspect 
which  is  i^artly  due  to  the  development  of  pigmentary  matter,  but  still 
more  to  the  production  of  air-spaces  by  their  desiccation. — Thus  we  see 
that  the  whole  tissue  of  the  Hair  is  derived  from  Epidermic  cells,  deve- 
loped in  peculiar  abundance  from  the  surface  of  the  papilla  at  the  base 
of  the  follicle,  which  is  itself  extremely  vascular;  some  of  these  cells  re- 
taining theii-  original  foi-m,  w^iilst  others  are  transformed  into  fibres,  and 
othei-s  converted  (like  those  of  ordinary  Epidermis)  into  flattened  cells. 
They  all  have  the  power,  however,  of  drawing  horny  matter  into  their 
cavities ;  and  resist  the  solvent  power  of  chemical  re-agents,  excej)t  when 
these  are  employed  in  unusual  strength. — The  Hair  is  constantly  under- 
going elongation,  by  the  addition  of  new  substance  at  its  base ;  and  the 
part  which  has  been  once  fully  formed,  and  .which  has  emerged  from  the 
t  foUicle,  usually  undergoes  no  subsequent  alteration.    There  is  evidence, 
!  however,  that  it  may  be  affected  by  changes  at  its  base,  the  effect  of  which 
!  is  iJropagTited  along  its  whole  extent :  thus,  it  is  well  known  that  cases 
;  are  not  imfi-equent,  in  which,  under  the  influence  of  strong  mental  emo- 
!  tion,  the  whole  of  the  hair  has  been  turned  to  grey,  or  even  to  a  silvery 
'  white,  in  the  coiu"se  of  a  single  night;  a  change  which  can  scarcely  be 
i  accounted  for  in  any  other  way,  than  by  supposing  that  a  fluid,  capable  of 
t  chemically  affecting  the  colour,  is  secreted  at  the  base  of  the  hair,  and 
t  transmitted  by  imbibition  through  the  medullary  substance,  to  the  oppo- 
site  extremity.  Another  evidence  of  their  retention  of  a  degi^ee  of  vitality, 
is  found  in  the  fact  of  Hairs  having  a  tendency  to  become  pointed,  after 
having  been  cut  short  off.    In  the  hairs  of  some  animals  (particularly  the 
whiskera  of  the  Seal  and  other  Carnivora)  the  base  is  hollow,  and  contains 
a  large  papilla,  or  elevation  of  the  cutis,  furnished  with  nerves  and  blood- 
vessels; this  is  separated,  by  a  layer  of  basement-membrane,  from  the 
proper  tissue  of  the  Hair.    In  such  cases,  there  is  bleeding  from  the 
stumps  of  the  hairs,  when  they  are  shaved  off  close  to  the  skin.  We 
have  seen  that  there  is  an  approach  to  this  papillary  structure  in  Man ; 
and  it  may  perhaps  be  an  abnormal  development  of  it,  which  occasions 
the  hair  to  bleed  in  the  disease  termed  Plica  Polonica.    The  hair  of  indi- 
viduals affected  with  this,  is  further  disposed  to  split  into  fibres,  often  at 
a  considerable  distance  fi-om  the  roots,  and  to  exude  a  glutinous  sub- 
stance; these  two  causes  unite  in  occasioning  that  peculiar  matting  of  the 
hair,  which  has  given  origin  to  the  name  of  the  disease. 

247.  The  history  of  the  embryonic  development  of  the  Hair  has  recently 
been  made  the  subject  of  careful  study  by  Prof  Kolliker;  and  the  fol- 
lowing is  the  substance  of  his  account  of  it.  The  hair-rudiments  may  be 
said  to  be  composed  of  little  jjrocesses  of  the  Malpighian  layer  of  the 
epidermis,  which  are  received  into  corresponding  depressions  in  the 
corium  (Fig.  36,  a,  I,  I);  these  are  soon  perceived  to  be  inclosed  in  a 
limiting  membrane  (b,  i),  which  separates  the  contained  cells  (rii,  m)  from 
the  interior  of  the  follicle,  just  as  the  basement-membrane  of  the  Skin 
with  which  it  is  continuous,  separates  the  Malpighian  layer  of  the 
Epidermis  from  the  corium.  The  hair-matrix  now  lengthens  and  swells 
out  at  the  bottom,  so  as  to  assume  a  flask  shape.    Cells  are  deposited 
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Fig.  36. 


outside  the  limitary  membrane,  which  are  eventually  converted  into,  or 
give  place  to,  fibres;  and  thus  the  dermic  coats  of  the  follicle  are  pro- 
duced.— But  whilst  this  is  going  on  outside,  the  cells  wdthin  the  fol- 
licle undergo  changes.  Those  in 
the  middle  lengthen  out  conform- 
ably with  the  axis  of  the  follicle, 
and  constitute  a  short  conical  mi- 
niatm-e  hair,  faintly  distinguish- 
able by  difference  of  shade  fi-om 
the  sm-rounding  mass  of  cells, 
which  are  also  shghtly  elongated, 
but  transversely  vsdth  regard  to 
tlie  follicle  (Fig.  37,  a).  The  par 
pilla  (b,  h)  makes  its  appearance 
at  the  swollen  root  of  the  httle 
hau" ;  and  the  residuary  cells  con- 
tained within  the  rudimentary  fol- 
licle form  the  root-sheath,  the  inner 
layer  of  which  (/)  lying  next  to 
the  hair,  is  soon  distinguished  by 
its  translucency  fi'om  the  more 
opaque  outer  layer  (c)  that  fills  up 
the  rest  of  the  cavity.  The  yoimg 
hair,  continuing  to  grow,  at  last 
perforates  the  ej)idermis  (c),  either 
directly,  or  after  first  slanting  up 
for  some  way  between  the  Mal- 
pighian  and  the  horny  strata.  In 
the  former  case  it  may,  perhaps, 
be  aided  in  its  progi-ess  by  the 
harder  inner  layer  of  the  root- 
sheath,  which  accompanies  the 
hair,  and  makes  way  for  it  tlu'ough 
the  cuticle.  Prof.  Kblhker  further 
tliinks  it  not  improbable  that  the 
eruption  of  the  hairs  is  facilitated 
by  the  general  desquamation  and  shedding  of  the  superficial  part  of 
the  epidermis,  which  occm's  fi'om  time  to  time  dm-ing  foetal  life ;  more 
especially  as  the  period  of  most  thorough  desquamation  begins  at  about 
the  same  time  as  the  first  eruption  of  hairs. — A  shedding  of  the  first- 
formed  hairs,  or  lamigo,  is  known  to  take  place  before  birth ;  but,  accord- 
ing to  Prof.  Kolliker,  only  to  an  inconsiderable  extent.  On  the  other 
hand,  he  has  observed  that  the  infantile  hau's  are  enthely  shed  and  re- 
newed within  a  few  months  after  bhth ;  those  of  the  general  sm-face  first, 
and  afterwards  the  hau-s  of  the  eyebrows  and  head,  which  he  finds  in  pro- 
cess of  change  in  infants  about  a  year  old.  The  new  hau-s  are  generated 
in  the  follicles  of  the  old,  as  previously  seen  by  Heusinger  and  Koldrauscb 
in  quadrupeds ;  but  Kolliker  describes  the  steps  of  the  process  somewhat 
differently  from  his  predecessors.  He  conceives  that  an  increased  gi-owth 
of  cells  takes  place  in  the  soft  hair-bulb  and  in  the  adjoining  pai-t  of  the 
root-sheath  (Fig.  38,  a)  ;  the  gi-owing  mass  protrudes  or  lengthens  out 


A,  Development  of  the  Hair-bulbs  in  the  Epidermis 
of  the  forehead,  in  a  human  fatus  of  sixteen  weeks,  as 
seen  from  the  under  side; — b,  a  single  hair  matrix 
more  enlarged,  as  seen  laterally: — a,  horny  layer  of 
the  epidermis;  b,  mucous  layer  of  the  same;  i,  struc- 
tureless membrane  surrounding  the  hair  matrix,  pro- 
longing itself  from  betwixt  the  mucous  layer  and  the 
corium ;  m,  rounded,  with  some  elongated  cells,  form- 
ing the  matrix  of  the  hair. 
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the  lower  end  of  the  hau-- 
follicle  into  a  process,  at  the 
ittom  of  which  is  found 
le  generative  papilla  (c), 
low, -by  the  interposition  of 
.lie  new  cell-gTowth,  with- 
drawn from  the  root  of  the 
hair.     The  newly -formed 
mass  of  cells,  occupying  the 
lower  or  prolonged  part  of 
the  follicle,  and  resting  on  the 
papilla  (b,  m),  is  gradually 
30uverted  into  a  new  hair 
vC,  f,  9,       with  its  root- 
dieath  (6),  just  as  happens 
n  the  primitive  process  of 
rormation  in  the  embryo; 
md  as  the  new  hair  leng-th- 
ns  and  emerges  from  the 
nlHcle  (d,  g),  the  old  one 
''.  e),  detached  fi'om  its  ma- 
rix,  is  gradually  pushed 
learer  to  the  opening,  and 
t  last  falls  out,  its  root- 
leath  having  previously 
ludergone  a  partial  absorp- 
ion. — A  similar  death  of 
he  old  hairs,  and  replace- 
aent  by  new  ones  generated 
v-ithin  the  same  follicles, 
eems  to  take  place  at  in- 
ci-vals  through  the  whole 
f  hfe ;  and  it  is  obvious,  as 
•fr.  Paget  has  pointed  out, 
hat  the  death  of  the  old 
air  is  not  the  consequence 
f  absorption  at  its  root 
iuised  by  the  development 
f  a  new  one  beneath  it,  but 
;  simply  the  termination 
f  a  series  of  degenerative 
lianges  that  have  been  for 
'rne  time    in  progress.* 
'liis  is  one  illustration,  out 
f  many  that  might  be  cited, 
f  the  general  fact  of  the 
■iiled  duration  of  the  in- 
ividual  parts  of  the  living 
'•ganism  (§114);  the  inte- 
'■ity  of  which  is  maintained 


Fig.  37 


Uevelopment  of  t.\\G  Hair  iu  the  eyebrow: — a,  first  distinct 
separation  of  the  inner  and  outer  portions  of  the  hair-matrix ; — 
B,  first  formation  of  the  hair,  whose  point  has  not  yet  appeared 
above  the  skin ; — c,  the  hair  soon  after  its  first  emersion  : — 
a,  horny  layer  of  the  epidermis;  b,  its  mucous  laj'er;  c,  outer 
root-sheath;  d,  inner  root-sheath ;  e,  hair-bulb;  hair  shaft; 
g,  point  of  the  hair ;  h,  hair  papilla ;  i,  structureless  membrane 
on  the  exterior  of  the  matrix ;  n,  commencement  of  the  seba- 
ceous glands.  ' 


D 


Fig.  38 


Development  of  Second  Eyelashe.s  in  an  Infant  of  a  year  old  : 
— A,  incipient  formation  of  matrix  of  second  hair; — b,  incipient 
development  of  the  young  hair,  the  outer  and  inner  portions  not 
yet  distinct;— c,  the  younfj  hair,  more  advanced,  and  pushing 
up  the  old  hair ;  its  proper  substance  distinct  from  the  root- 
sheath  ; — D,  the  young  hair  emerged  from  the  opening,  and  its 
predecessor  about  to  fall  out:— «,  external  root-sheath;  6,  in- 
ternal root-sheath  of  young  hair  ;  c,  cavity  for  the  reception  of 
the  formative  papilla;  d,  bulb  of  the  old  hair;  c,  its  shaft; 
/,  bulb  of  the  young  hair;  g,  its  shaft;  /(,  its  point;  /,  ?,  seba- 
ceous glands;  k,  Ic,  sweat-canals;  passage  of  the  external 
root-sheath  into  the  mucous  layer  of  the  epidermis;  m,  first 
appearance  of  young  hair. 


*  See  Kirkes  and  Paget's  "  Hand-book  of  Physiology,"  2nd  edit.  pp.  286-8. 
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by  the  continual  development  of  new  structure,  in  jjlace  of  that  which  is 
become  effete. — The  regeneration  of  Hairs  which  have  been  plucked  out 
of  their  follicles  is  very  comiilete ;  provided  the  follicles  themselves,  and 
their  papillte,  have  not  been  injured.  The  cavity  of  the  follicle  (according 
to  the  observations  of  Heusinger)  is  at  first  filled  with  blood,  which  is 
gradually  absorbed;  a  dai'k  spot,  consisting  of  a  cluster  of  newly-formed 
ejjidermic  cells  containing  pigmentary  matter,  is  seen  upon  the  summit 
of  the  pajDilla;  and  this  gi'adually  elongates  itself,  and  undergoes  de- 
velopment into  the  several  j)arts  of  the  new  hair  and  of  its  sheath,  just 
as  in  the  case  of  the  first  evolution. 

3.  Of  the  inirehj  CelliUar  Tissues; — Fat  and  Cartilage. 

248.  The  Adipose  tissue,  which  is  only  second  to  the  Ai'eolar  in  the 
extent  of  its  diffusion  tlu'ough  the  Human  body,  continues,  throughout 
life,  to  ijresent  the  primitive  cellular  type  in  its  purest  form ;  this  tissue, 
wherever  it  occurs,  being  composed  of  an  aggi-egation  of  cells,  which 
never  depart  widely  from  the  spheroidal  form  (Fig.  39),  the  chief  alteror 
tiou  in  shape  which  they  undergo  being  the  flattening  of  their  walls  fi'om 
mutual  j)ressure  (Fig.  125).  Fat-cells  are  dispersed  among  the  inter- 
spaces of  Areolar  tissue,  in  most,  but  not  all,  of  the  situations  in  which 
the  latter  presents  itself;  but  there  are  certain  situations  in  which  they 
are  developed  more  abundantly,  filling  up  interstices,  and  forming  a  pad 
or  tiss\ie  for  the  support  of  moveable  parts.  In  all  but  very  emaciated 
individuals,  there  is  a  considerable  amount  of  fat  beneath  the  skin;  and 
it  is  in  gi'eat  part  to  its  interposition,  that  the  roundness  and  smoothness 
of  the  sm'foce,  especially  in  the  female,  are  due.  But  fat  is  collected  in 
lai-ge  quantities  around  certain  internal  organs,  as  the  kidneys,  where  its 
use  is  less  obvious;  and  here,  as  well  as  at  the  base  of  the  heart  around 
the  origin  of  the  large  vessels,  in  the  orbit  of  the  eye,  in  the  interior  of 
the  bones,  and  within  the  spinal  canal  between  the  periosteum  and  the 
dm'a  mater,  some  fat  is  always  left,  however  extreme  may  be  the  general 
emaciation. — The  diameter  of  the  greater  number  of  Fat-cells  is  between 

l-300th  and  l-600th  of  an  inch; 
but  larger  and  smaller  sizes  are 
frequently  to  be  met  with.  The 
nucleus  is  seldom  to  be  distiu- 
giushed  in  the  fiilly-developed  fat- 
cell;  but  it  is  probable  that  it  has 
not  ceased  to  exist  there,  but  is 
simply  obscm-ed  by  the  oily  cell- 
contents.  For  not  only  does  a 
nucleus  exist  in  the  fat-cells  of 
the  embryo,  which  are  at  firet 
pellucid  vesicles,  then  become  gra- 
nular, and  at  last  acquu-e  oily  con- 
tents ;  and  also  in  the  rudimentaiy 
fat-cells  closely  resembling  these  in  their  successive  stages,  which  ai'fi 
described  by  Prof.  KoUiker  as  existing  in  the  Dartos ;  but  also  in  fat-cells 
wholly  deprived  of  their  oily  contents,  which  are  not  luifrequently  met 
with  in  emaciated  or  dropsical  subjects. — When  the  fat-cells  are  aggre- 


FiG.  39. 


Cells  of  Adipose  Tissue.    Magnified  135  diameters. 
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gated  so  as  to  form  masses  of  Fat,  they  are  first  collected  into  little 
lobular  clusters,  each  of  which  has  a  dehcate  membranous  iuvestment; 
and  these  are  again  united  into  larger  clusters,  visible  to  the  naked  eye, 
whose  further  aggregation  may  form  masses  of  considerable  size.  The 
component  parts  of  these  ai'e  held  together 
by  Areolar  tissue,  and  also  by  the  blood- 
vessels which  penetrate  them,  and  which 
ramify  minutely  among  them,  forming  a 
capillary  network,  not  only  upon  the  sur- 
face of  the  smallest  lobules,  but  even  (it 
would  appear)  between  their  contained  fat- 
cells  (Fig.  40).  In  some  forms  of  Adipose 
tissue,  such  as  the  marrow  of  bones,  it 
would  seem  that  veiy  httle  areolar  tissue 
exists,  or  that  it  is  even  entirely  absent; 
and  here  the  capillary  plexus  forms  the 
principal  bond  of  imion  between  the  fat-cells.  No  lymphatics  have 
been  detected  in  Adipose  tissue;  and  it  would  seem  to  be  equally 
destitute  of  nerves,  excepting  of  such  as  are  passing  through  it  on 
their  way  to  other  textm*es ;  thus  accounting  for  the  known  fact  of  its 
being  insensible  except  when  those  trunks  are  injm-ed.  —  The  physical 
and  chemical  characters  of  the  oleaginous  substances  contained  within 
the  fat-cells,  have  ah-eady  been  sufficiently  described  (§§  37,  38).  The 
Margai-in,  which  is  the  principal  sohd  constituent  of  Human  fat,  is 
dissolved  in  the  Olein,  forming  a  thick  oil,  which  remains  fluid  at  the 
ordinary  temperatm-e  of  the  body,  but  congeals  when  cooled  much  below 
it.  That  this  oil  does  not  escape  from  the  fat-cells  during  life,  may  be 
attributed  to  the  moistening  of  their  walls  by  the  aqueous  fluid  circu- 
lating through  their  vessels ;  but  we  find  thai^  the  contents  of  the  fat-cells 
are  taken  back  into  the  general  current  of  the  cu-culation,  when  the  food 
does  not  afford  an  adequate  supply  for  the  piu-poses  of  respiration ;  and 
we  may  probably  explain  this  by  the  alkahnity  of  the  blood,  which 
■  enables  it  to  exert  a  certain  solvent  power  for  oleaginous  matter,  and 
which,  when  the  amount  ordinarily  present  in  the  blood  has  been  ex- 
hausted,  or  nearly  so,  will  be  exercised  upon  the  fat  within  the  cells  of 
!  adipose  tissue,  and  will  draw  it  into  the  circulating  ciuTent.* 

249.  The  relative  quantity  of  Fat  contained  in  the  bodies  of  different 
I  individuals,  varies  more  than  does  that  of  any  other  tissue.  If  there  be 
I  no  incapacity  for  the  production  of  ftxt- cells,  the  amount  of  Adipose  tissue 
\  generated  wiU  depend  upon  the  quantity  of  their  appropriate  'pahulwm 
t  that  may  be  supplied ;  and  this  is,  in  fact,  the  surplus  of  the  oleaginous 
»  matter  ingested  in  the  food,  or  formed  from  its  other  constituents,  after 

*  the  vaiious  demands  made  upon  it  by  the  wants  of  the  system  in  general 

•  (§§  41,  42)  have  been  sujjplied.  Hence  the  formation  of  fat  wiU  be 
promoted  by  the  use  of  oleaginous  food,  by  inactive  habits  of  life,  and  by 
warmth  of  the  smTounding  atmosphere;  and  it  is  by  attention  to  these 
indications,  that  the  breeders  of  animals  obtain  the  largest  production  of 

*  It  has  been  shown  by  Prof.  Matteucci,  that  fatty  matters,  suspended  in  water  in  a 
state  of  fine  division,  on  one  side  of  a  membranous  scjituni,  will  pass  through  it  cndosmoti- 
cally  towards  a  weak  alkaline  solution  on  the  other.  (See  his  "  Lectures  on  the  Physical 
Piienomena  of  Liviiig  Beings,"  Dr.  Pereira's  edition,  p.  HI.) 
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fat  in  the  shortest  time.  Tliere  appears  to  be,  among  some  individuals, 
an  extraordinary  tendency  to  the  development  of  Adipose  tissue,  which 
may  thus  appropriate  to  itself  the  nutriment  that  is  destined  for  the  sup- 
ply of  other  parts ;  and  this  sometimes  shows  itself  throughout  the  body, 
constituting  general  Obesity  or  Polysarcia,  and  sometimes  in  individual 
parts,  forming  Lipoma  or  fatty  tumour.  Although  general  Obesity  is 
doubtless  favoured  by  the  conditions  just  refeiTed  to,  yet  it  may  develope 
itself  under  circumstances  of  a  very  different  kind;  namely,  when  the 
food  is  neither  rich  nor  abundant,  when  active  exercise  is  taken,  and  when 
the  individual  habitually  exposes  himself  to  a  cool  atmosphere.  And 
we  cannot  but  here  recognize  the  same  kind  of  excessive  developmental 
power  in  the  Adipose  tissue,  as  shows  itself  locally  in  tumom-s,  which 
wdll  even  gi'ow  and  increase  when  the  body  generally  is  in  a  state  of  ex- 
treme emaciation.  On  the  other  hand,  there  are  individuals  in  whom 
there  is  an  obvious  deficiency  in  the  power  to  generate  this  tissue;  since 
they  never  become  othei*wise  than  lean,  even  under  the  most  favom-able 
conditions.  Such  persons,  moreover,  ai'e  usually  very  apt  to  become 
*  bilious '  when  they  take-in  much  oleaginous  matter  wdth  their  food ;  for 
if  the  surplus  be  not  di-awn  oif  from  the  blood  in  the  generation  of  Adi- 
pose tissue,  it  is  probably  thrown  for  elimination  upon  the  Liver,  which 
organ  is  very  prone  to  be  disordered  by  being  called  into  excessive 
functional  activity. 

250.  Besides  the  support,  combined  with  facility  of  movement,  which 
Fat  affords  to  the  moving  parts  of  the  body,  it  answers  the  important 
purpose  of  assisting  in  the  retention  of  the  animal  temperatm-e,  by  its 
non-conducting  power;  and  the  still  more  important  object,  of  serving 
as  a  kind  of  reservoir  of  combustible  matter  against  the  time  of  need. 
Herbivorous  animals,  wdiose  food  is  scanty  during  the  winter,  usually 
exhibit  a  strong  tendency  to  such  an  accumulation,  during  the  latter  pai't 
of  the  summer,  when  their  food  is  most  rich  and  abundant ;  and  the  store 
thus  laid  up  is  consumed  during  the  winter.  This  is  particularly  evident 
in  tlie  hybernating  Mammalia,  which  take  little  or  no  food  during  their 
seclusion.  Again,  when  Birds  or  Mammals  are  deprived  of  food,  the 
duration  of  their  lives  is  proportional,  coeteris  paribus,  to  the  amount  of 
fat  they  contain;  the  immediate  cause  of  death  in  such  cases  being  the 
reduction  of  the  temperature  of  the  body,  which  takes  place  as  soon  as  the 
store  of  combustible  material  is  exhausted  (ohap.  xiii.).  If  there  were  no 
such  store  within  the  system,  we  should  be  dependent  upon  a  constant 
supply  of  aliment  for  our  heat-producing  power ;  and  the  loss  of  even  a 
single  meal  might  be  fatal.  This  condition  is  seen  in  animals  which  have 
been  brought  to  the  verge  of  starvation,  and  which  ai-e  only  at  first 
capable  of  digesting  a  small  quantity  of  food;  for,  as  Chossat's  experi- 
ments have  shown,  until  they  have  in  some  degree  replaced  their  fat  by 
the  assimilation  of  surplus  nutriment,  they  cannot  sustain  life  except  by 
the  assistance  of  artificial  heat.* 

251.  In  Cartilage,  also,  the  simple  cellular  structure  is  very  obviously 
retained,  and  frequently  exists  alone;  although  in  some  forms  of  tliis 
tissue,  it  is  united  with  the  fibrous,  or  is  partly  replaced  by  it.  In  aU,  how- 
ever, the  early  stage  of  formation  appears  to  be  the  same.    The  structure 

"  See  his  "  Recherches  Expcrimcntales  sur  I'liiiinition." 
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rigiuates  in  cells,  analogous  to  those  of  which  the  rest  of  the  fabric  is 
omposed;  but  between  these  cells,  a  large  quantity  of  hyaline  or  inter- 
•elliilar  substance,  consisting  of  Chondiin  (§  34),  is  soon  dej)osited ;  and 
he  amount  of  this  substance  usually  continues  to  increase  simultaneously 
ith  the  bidk  of  the  cells.    The  original  cells  are  pushed  farther  and 
ifther  ffom  one  another;  but  new  cells  arise  between  them,  fi-om  germs 
\  liich  are  contained  in  the  hyaline  substance.    The  first  cells  frequently 
iroduce  two  or  more  j^ouug  cells  by  subdi\asion  (§  104),  and  this  act  may 
J  repeated;  and  thus  it  is  very  common  to  meet  with  gi'oups  of  such 
■Us  or  corpuscles,  consisting  of  two,  three,  or  fom^  (Fig.  41).  These 
U'oups,  in  the  Articular  cartilages,  which  may  be  considered  as  the  types 
if  the  piu-ely  cellular  form,  usually  lie  perpendicularly  in  the  deeper  part 
if  the  cartilage  (that  neai^est  the  attached  surface),  and  obliquely  or  irre- 
■idarly  as  they  approach  the  free  surface,  whilst  at  and  near  that  sm-face 
hey  lie  parallel  to  it.  The 

leeper  groups  ai'e  composed  of  Fig.  41. 

laro;er  number  of  cells  than  n  , 

he  superficial ;  and  in  the  stra- 
um  forming  the  fi'ee  surface,  , 
uigle  isolated  cells  are  not  un- 

i-equent,  which  have  been  mis-       i  s  <^ 
iken  for  epithelium-cells.  The     ^\  '  f 

ee  sm-face  is  covered  in  the  Z    '  '' 

i;tal  state  by  a  synovial  mem- 
•ane ;  of  which  the  two  charac- 
.ristic  elements,  —  basement- 
lembrane  and  epithelial  cells, 
-may  be  clearly  recognized, 
lit  after  bu-th,  this  membrane 
■ems  to  be  gradually  destroyed 

\  pressure  and  attrition,  and   apposition;  c,  c,  nuclei  of  cartilage  cells ;  d,  cavity  contain- 

y  the  retirement  of  the  super-  '''''' 

-ial  vessels  towards  the  cu-cumference ;  and  appears  in  the  adult  to 
rminate  at  the  margin  of  the  cartilage,  very  little  in  advance  of  the 
nrculus  articuli  vasculosus.' — The  matrix  of  the  cartilage-cells  is  not  so 
orfectly  homogeneous,  as  its  appearance  in  thin  sections  would  seem  to 
idicate;  for  when  a  shred  of  it  is  detached  from  the  edge  of  a  fractured 
irtilage,  it  is  found  to  tear  in  a  distinctly  filamentous  manner ;  and  the 
rangement  of  the  filaments  corresponds  with  that  of  the  cells,  being 
-rpendicular  to  the  attached  surface  of  the  cartilage,  and  parallel  to 
free  surface,  where  it  forms  with  the  cells  a  sort  of  membranous 
yer  that  has  been  mistaken  for  synovial  membrane.*  It  is  interesting 
>  observe,  that  this  filamentous  arrangement  of  the  intercelMar  sub- 
ance  becomes  much  more  obvious  in  certain  diseased  states  of  articular 
iirtilages ;  and  that,  concurrently  with  this  change,  its  chemical  composi- 
'>n  alters  from  chondrin  to  glutin.t 

*  See  the  excellent  account  of  the  structure  of  Cartilage  by  Prof.  Sliurpey,  in  his  Introduc- 
"1  to  "  Quiiin'a  Elements  of  Anatomy,"  5th  edit.;  and  Dr.  Leidy's  Memoir  '  On  the  Intimate 
ructurj!  and  History  of  Articular  Cartilages,'  in  tiie  "Amer.  Journ.  of  Med.  Sci.,"  April,  1 849. 
t  rtiis  was  first  pointed  oilt  by  Dr.  Rcdfern,  in  his  admirable  Treatise  on  "  Anormal 
iitrition  in  the  Human  Articular  Cartilages." 
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Section  of  Fibro-Carlilage;  sho^ving;  disposition  of 
cartilage-cells,  in  areolic  of  fibrous  tissue. 


252.  The  varieties  in  the  permanent  Cartilages  principally  depend  upon 
the  degree  of  organization  which  subsequently  takes  place  in  the  intercel- 
lular substance.  If  a  mass  of  Fibres,  analogous  to  those  of  the  fibrous 
membranes  (§  220),  should  originate  in  it,  the  Cartilage  presents  a  moiu 
or  less  fibrous  aspect  (Fig.  42) ;  in  some  instances  the  Fibrous  structm-e 
is  developed  so  much,  at  the  expense  of  the  Cells,  that  the  latter  disap- 
pear altogether,  and  the  whole  structure  becomes  fibrous.    Sometimes  the 

fibres  which  are  developed,  are 
Fig-  42.  rather  analogous  to  those  of  the 

-  -..  •  -  Elastic  tissue  (§221);  these  are 
disposed  around  the  celLs,  form- 
ing a  kind  of  network,  in  the 
areolae  of  which  they  lie;  and 
this  kind  of  cartilage  may  bo 
termed  the  elastic  or  reticular. 
— The  primitive  cellular  orga- 
nization is  for  the  most  part 
retained  in  the  ordinary  ai-ti- 
cular  cai'tilages,*  the  cartUar 
ginous  septum  naiium,  the  car- 
tilages of  the  aloe  and  point  of 
the  nose,  the  semikmar  carti- 
lage of  the  eyehds,  the  carti- 
lages of  the  larynx  (wdth  the 
exception  of  the  epiglottis),  the 
cartilage  of  the  trachea  and  its  branches,  the  cai-tilages  of  the  ribs  (in 
Man),  and  the  ensiform  cai'tilage  of  the  sternum;  and  it  is  seen  also  in 
the  temporaiy  cartilages,  or  those  which  are  destined  to  undergo  ossifica- 
tion. The  fibrous  structme  is  seen  in  all  those  Cai'tilages,  which  unite 
the  bones  by  syncliondi'osis ;  this  is  the  case  in  the  vertebral  column 
and  pelvis,  the  cai-tilages  of  which  are  destitute  of  corpuscles,  except  in 
and  near  their  centres.  In  the  lower  Vertebrata,  however,  and  in  the 
eai'ly  condition  of  the  higher,  the  fibrous  structm-e  is  confined  to  the 
exterior,  and  the  whole  interior  is  occupied  by  the  ordinary  cai'tilaginoii^^ 
corpuscles.  The  reticular  structure  is  best  seen  in  the  epiglottis  and  in 
the  concha  auris;  in  the  former  of  these,  scarcely  any  trace  of  cartilage- 
cells  remains;  in  the  latter,  the  fibrous  net- work  disappears  by  degrees 
towards  the  extremity  of  the  concha,  and  the  structm-e  gradually  passes 
into  the  cellidar  form.t 

253.  Cartilage  (at  least  in  its  simplest  form)  is  nom-ished  without 
coming  into  direct  relation  with  the  Blood  through  the  medium  of  blood- 
vessels ;  for  the  cellular  Cai'tilages  are  not  penetrated  by  vessels  in  the 
healthy  state ;  and  althovigh  in  certain  diseased  conditions  they  seem  to 
become  distinctly  vascular,  yet  the  vessels  do  not  extend  into  the  sub- 
stance of  the  cai'tilage  itself,  but  are  restricted  to  the  new  tissue  in  which 
they  are  developed.  Cartilages,  however,  are  surrounded  by  Blood-vessels ; 
which  form  large  ampullae  or  varicose  dilatations  at  their  edges  or  on 

*  The  articular  cartilages,  at  the  points  where  tendons  are  implanted  into  them,  have  all 
the  cliaracters  of  fibro-cartilage ;  the  fibres  of  the  tendon  being  spread  through  the  intercel- 
lular substance  of  the  cartilage,  for  some  distance,  and  gradually  coalescing  with  it. 

t  See  Mr.  Toynbee's  Memoir  on  the  '  Non- Vascular  Tissues,'  iu  "Phil.  Trans.,"  1841. 
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their  siu-faces  (Fig.  43):  and  from  these  the  Cartilages  derive  their 
nourishment  by  imbibition,  in  exactly  the  same  manner  as  the  frond  of  a 
sea-weed  (the  structm-e  of  which  is  alike  cellular)  draws  into  itself  the 
requisite  fluid  from  the  surrounding  medium.  In  the  thicker  masses  of 
cai-tilaginous  tissue,  however,  such  as  the  cartilages  of  the  ribs,  we  find 
canals  excavated  at  wide  distances 

from  each  other;  which  are  lined  Fig.  43. 

l)y  a  continuation  of  the  peri- 
chonih-iiun  or  investing  membrane 
of  the  cartilage,  and  which  thus 
allow  its  vessels  to  come  into  nearer 
proximity  with  parts,  that  would 
be  otherwise  too  far  removed  fi'om 
them.  The  vessels,  however,  no- 
where pass  from  the  walls  of  these 
canals  into  the  substance  of  the 
cartilage.  Similar  vascular  canals 
are  found  in  the  temporary  car- 
tilages, near  the  j)oints  where  the  ossifying  process  is  taking  place ;  this  is 
well  seen  in  the  long  bones,  towards  their  extremities.  At  an  early  period 
of  foetal  life,  there  is  no  distinction  between  the  cartilage  that  is  ulti- 
mately to  become  the  Osseous  Epiphysis,  and  that  which  is  to  remain  as 
Articular  Cartilage;  both  are  alike  cellular;  and  the  vessels  that  supply 
them  with  nutrient  materials  penetrate  no  further  than  their  surfaces. 
At  a  subsequent  j)eriod,  however,  when  the  ossification  of  the  epiphysal 
cai'tilage  is  about  to  commence,  vessels  are  prolonged  into  it;  and  a  dis- 
tinct hue  of  demarcation  is  seen  betwixt  the  vascular  portion,  which  is  to 
be  converted  into  Bone,  and  the  non-vasculai-  part,  which  is  to  remain  as 


Vessels  between  the  Articular  Cartilage  aud  attached 
Synovial  Membrane. 


Fig.  44. 


Vessels  situated  between  the  Articular  Cartilage  and  the  attached  Synovial  Membrane  at  the 
point  where  the  ligamentum  teres  is  inserted  in  the  head  of  the  os  femoris  of  the  human  subject 
between  the  third  and  fourth  months  of  fa-tal  life:— a,  the  surface  of  the  articular  cartilage- 
o,  the  vessels  between  the  articular  cartilage  and  the  synovial  membrane;  c,  the  surface  to  which 
the  hgamentum  teres  was  attached;  d,  the  vein;  e,  tlie  artery. 

( 'artilage.  At  this  period,  the  Articular  Cartilage  is  nourished  by  a  plexus  of 
vessels  spread  over  its  free  surface,  beneath  its  synovial  membrane  (Fig.  44) ; 
i«  well  as  by  the  vessels,  with  which  it  comes  into  contact  at  its  attached 
'■xtremity.  Towards  the  period  of  bii-th,  however,  the  sub-synovial  vessels 
gradually  recede  from  the  surface  of  the  articular  cartilage;  and  at  adult 
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age  they  have  eutu'ely  left  it,  though  they  still  form  a  band,  the  '  circulus 
articuli  vasculosus,'  which  suiTounds  its  margin.  The  Fibrous  cartilages 
are  somewhat  vascular ;  but  the  vessels  do  not  extend  to  the  cellular  por- 
tions, where  such  exist. — Neither  lymphatics  nor  nerves  can  be  traced 
into  the  substance  of  Cartilage;  which  may  be  aflEirmed  wdth  ceilainty 
to  be  completely  insensible,  and  this  in  the  state  of  disease  as  well  as  of 
health.*  The  blood-vessels  which  appear  to  pass  into  Cartilages  in  a  state 
of  Inflammation,  do  not  really  penetrate  its  substance,  but  are  limited  to 
the  false  membrane  which  is  developed  de  novo,  and  which  not  only  covers 
the  surface  of  the  cartilage,  but  also  dips  down  into  all  the  inequahties 
which  are  produced  by  its  loss  of  substance.  The  usual  rate  of  its  nutri- 
tion is  probably  very  slow.  Its  fiuictions,  save  where  it  undei^goes  subse- 
quent transformation,  are  purely  mechanical ;  and  though  it  is  continually 
subjected  to  pressure,  yet  the  extreme  smoothness  of  its  sm-faces,  and 
their  constant  lubrication  by  the  synovial  fluid,  diminish  friction  so  much 
as  to  render  this  a  very  slight  cause  of  disintegration.  It  is  not  at  all 
uncommon,  however,  for  Articular  cartilages  to  be  almost  entirely  de- 
stroyed thi'ough  '  anormal  nutrition;'  and  this  without  any  pain  or 
other  symptom  to  call  attention  to  the  change  in  progress,  t  This  process 
essentially  consists  in  the  enlargement  of  the  cartilage-cells,  the  conver- 
sion of  their  nuclei  into  a  multitude  of  coriDuscles,  the  fusion  of  the  walls 
of  the  cells  with  the  hyaline  substance,  and  the  mpture  of  the  cells, 
whereby  the  contained  corpuscles  are  set  fi'ee.  At  the  same  time,  the 
hyaline  substance  gi*adually  comes  more  and  more  to  present  a  fibrous 
appearance ;  and  the  whole  may  thus  degenerate,  until  scarcely  a  trace 
of  the  original  cartilaginous  structure  is  left.  The  progress  of  disease 
is  sometimes  arrested,  however;  and  a  natural  cure  is  effected  by  the 
development  of  a  white  fibrous  membrane  from  the  intercellular  sub- 
stance, with  which  yellow  fibres  are  intermingled  that  are  derived  from 
the  cell-nuclei.  And  it  is  in  this  way  that  the  attempt  is  made  to  bring 
together  the  two  edges  of  an  incised  wound,  or  to  fill  up  loss  of  substance 
occasioned  by  the  actual  removal  of  Cartilaginous  tissue ;  for  it  does  not 
appear  that  any  power  exists  in  Cartilage  to  generate  new  tissue  of  its 
own  kind  for  such  purposes.  Many  weeks  or  even  months  are  required 
by  this  process ;  and  hence  some  observers  have  altogether  denied  that 
ani/  I'eimion  of  incised  wounds  of  Cartilage,  or  any  filling-up  of  breaches 
of  sm-face,  ever  takes  place.  (See  Redfern,  Op.  cit.)  It  is  cm-ious  that 
fractures  of  certain  cartilages  (as  those  of  the  ribs)  are  commonly  repaired 
by  osseous  union;  a  fact  which  seems  to  have  reference  to  the  normal 
ossification  of  these  cartilages  among  many  of  the  lower  animals,  and  to 
their  not  unfrequent  conversion  into  bone  in  the  latter  period  of  hfe  m 
the  Human  subject. 

254.  The  Cornea  of  the  eye  bears  but  a  slight  resemblance  to  Cartilage 
in  regard  to  its  intimate  structure,  though  it  corresponds  with  it  closely 
in  the  mode  of  its  nutrition.  Besides  its  anterior  or  conjunctival  layer> 
which  consists  of  three  or  four  strata  of  epithehum-cells,  and  its  posterior 

"  That  the  acute  pain  which  bo  commonly  occurs  in  diseases  of  joints  implicating  the  Arti- 
cular  Cartilages,  is  not  to  be  referred,  as  it  usually  has  been,  to  the  cartilage,  but  to  the  subja- 
cent bone,  has  been  in  the  Author's  opinion  most  satisfactorily  proved  by  Dr.  Redfern  m  nis 
Treatise  on    Anormal  Nutrition  in  the  Human  Articular  Cartilages." 

-t*  See  Redfern,  Op.  cit. 
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ayer  of  cells  constituting  the  epithelium  of  the  aqueous  humour,  the 
Cornea  proper  has  been  shown  by  Mr.  Bowman*  to  consist  of  three  laj^ers, 
•liich  he  designates  respectively  as  the  '  anterior  elastic  lamina,'  the 
iamellated  cornea,'  and  the  '  posterior  elastic  lamina.' — The  lamellated 
ssue  which  makes  up  the  principal  substance  of  the  cornea,  consists  of 
perposed  lamell£e,  which  are  individually  of  no  great  extent,  but  are 
■  iinected  together  both  horizontally  and  vertically  by  membranous 
rolongations ;  about  sixty  of  these  lamellae  are  estimated  to  intervene 
ctween  any  two  coiTesponding  spots  on  the  opposite  sm-faces  of  the 

sue;  and  each  of  them  seems,  when  highly  magnified,  to  present  a 
aiitly  fibrous  texture.  The  interspaces  left  between  the  superposed  layers 
;ive  the  form  of  tubes,  aiTanged  with  tolerable  regTilarity,  and  constricted 
r  inteiTals ;  these  are  more  readily  demonstrated,  however,  in  the  cornese 
f  large  quadrupeds  than  in  that  of  man.    This  lamellated  tissue  is  the 
Illy  paii  of  the  cornea,  which  is  continuous  with  the  sclerotica;  and  its 
'  ires  appear  to  be  veiy  similar,  in  every  respect  save  their  extreme  trans- 
luency,  to  those  of  that  tissue. — The  anterior  elastic  lamina  is  a  very 
lin  stratum  of  homogeneous  membrane,  not  afifected  by  maceration,  boil- 
ig,  or  acids,  which  intervenes  between  the  epithelial  layer  and  the 
mellated  tissue ;  apparently  serving  as  a  '  basement-membrane '  to  the 
■rmer;  whilst  it  is  tied  down  to  the  latter  by  filaments  of  elastic  tissue, 
hich  pass  from  its  internal  surface  to  lose  themselves  among  the  super- 
■ial  lamell£e.   This  layer  disappears  at  the  margin  of  the  cornea,  expend- 
4'  itself  apparently  in  giving  origin  to  an  increased  number  of  these 

aments,  some  of  which  pass  into  the  scle- 
•tic  coat. — The  posterior  elastic  lamina 

r  'membrane  of  Demours'  or  'of  Des- 

met ')  resembles  the  anterior  in  the  cha- 

cters  of  its  texture  ;  but  its  adhesion  to 

e  posterior  surface  of  the  lamellated  cor- 

a  is  comparatively  slight,  no  filaments 

'ing  sent  down  from  it  among  the  la- 

ellse. — No  vessels  can  be  traced  into  the 

bstance  of  the  Cornea ;  but  its  margin  (like 

at  of  an  articular  cartilage)  is  surrounded 

'  a  circle  of  vessels,  consisting  of  two  sets, 

superficial  and  a  deep-seated  (Fig.  45). 

le  arteries  of  the  former,  according  to 

'".  Toynbee,t  are  derived  fi'om  the  Con- 

iictival  membrane,  and  are  prolonged  for 

'hort  distance  upon  the  outer  layer  of  the 

fuea;  but  they  terminate  in  veins  at 

•m  i  to  ^  a  line  from  its  margin.  The 

ep-seated  vessels  are  derived  from  the 

Icrotic;  and  they  terminate  in  veins  just 

icre  its  tissue  becomes  continuous  with 

^t  of  the  Cornea.    In  diseased  conditions 
the  Cornea  (as  of  the  articiilar  cartilages),  both  sets  of  vessels  extend 

'  "Lectures  on  the  Parts  concerned  in  the  Operations  on  the  Eye,"  pp.  10-22,  and  Todd 

Bowman's  "  Physiological  Anatomy,"  vol.  ii.  p.  1  f3. 
'     Philosophical  Transactions,"  1841. 


Fig.  45. 


Nutrient  Vessels  of  the  Curneii: — .v, 
superficial  vessels  belonging  to  the  Con- 
junctival membrane,  and  continued  over 
the  margin  of  the  Cornea;  b,  vessels  of 
the  Sclerotic,  returning  at  the  marpin  of 
the  Cornea. 
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themselves  through  it ;  the  superficial  not  unfre(iuently  form  a  dark  band 
of  considerable  breadth  round  its  margin ;  whilst  the  deep-seated  are 
prolonged  into  its  entire  substance.  Notwithstanding  the  absence  of  ves- 
sels in  the  healthy  condition  of  this  structure,  incised  wounds  commonly 
heal  very  readily,  as  is  well  seen  after  the  operation  of  extraction  of 
Cataract;  but  the  foregoing  details  make  evident  the  importance  of  not 
carrying  the  incision  further  round  than  is  necessaiy;  since  the  corneal 
tissue  shovild  not  be  cut  off  from  the  supply  of  nourishment  afforded  by 
the  vessels  in  its  immediate  proximity. 

255.  The  Crystalline  Lens  of  the  Eye  approaches  cartilage,  in  its  structure 
and  mode  of  nutrition,  more  nearly  than  any  other  tissue.    It  may  be 
separated  into  numerous  laminae,  which  ai'e  composed  of  serrated  fibres 
that  lock  into  one  another  by  their  delicately-toothed  mai'gins;*  these 
serrations,  however,  are  much  less  obvious  on  the  mai'gins  of  the  fibres  of 
the  human  crystalline,  than  they  are  in  those  of  the  lenses  of  fishes. 
Each  fibre  appeal's  to  be  made  up  of  a  series  of  cells,  which  coalesce  with 
each  other  at  an  early  period;  and  these  are  indicated,  even  in  the  fidly- 
formed  fibres,  by  nuclei  which  present  themselves  at  pretty  regular  inter^ 
vals  in  their  substance.    A  layer  of  imconverted  cells,  extremely  thin  and 
transparent,  of  unequal  size,  and  nucleated,  is  always  found  between  the 
surface  of  the  lens  and  its  capsule,  which  it  brings  into  organic  imion. 
The  capsule  is  perfectly  transparent,  homogeneous,  and  veiy  elastic;  it 
forms  a  perfectly  close  envelope,  admitting  neither  vessels  nor  nerves  to 
the  contained  lens ;  but  it  is  very  readily  jDermeable  to  fluids,  as  is  shown 
by  the  absorption  from  the  aqueous  humour  that  sometimes  takes  place 
after  death,  giving  rise  to  the  so-called  '  liquor  Morgagni,'  the  presence  of 
which,  according  to  Mr.  Bowman  (Op.  cit.,  p.  70),  is  not  the  normal 
condition.    The  lens  itself  is  at  no  period  of  its  existence  supplied 
with  blood-vessels,  these  being  confined  to  the  capsule.     During  the 
eai'ly  part  of  footal  life,  and  in  inflammatory  conditions  subsequently, 
both  the  anterior  and  posterior  portions  of  the  cajisule  are  distinctly 
vascular ;   the   latter  being  supplied  from  the  arteria  centralis  re- 
tina), which  expands  upon  it  after  having  traversed  the  vitreous  humoiu", 
and  sends  branches  that  pass  romid  the  margin,  to  be  distributed,  with 
twigs  from  the  ciliary  processes,  upon  the  anterior  surface.    The  loops 
formed  by  the  latter  gradually  retreat,  during  foetal  life,  from  the  centre 
towards  the  mai-gin,  like  those  of  the  s3movial  membranes;  and  after  a 
time,  the  posterior  capsule  also  ceases  to  be  vascular.    The  subsequent 
growth  of  the  crystalline  lens  appears  to  be  veiy  trifling,  and  appeai-s  to 
be  sufiiciently  provided  for  by  imbibition  through  its  capsule,  from  the 
aqueous  and  vitreous  humours  which  are  in  contact  with  its  two  sm-laces 
respectively.    The  substance  of  which  the  lens  is  composed  seems  to  be 
chemically  identical  with  the  Globulin  of  the  blood-corpuscles  (§  23);  it 
contains  about  58  per  cent  of  water.    Cases  of  the  regeneration  of  the 
crystalline  lens,  after  its  complete  removal  by  extraction,  have  been  piit 
iipon  record ;+  but  such  a  reparation  must  be  extremely  rai-e,  and  is 
probably  limited  to  young  subjects. — The  Vitreous  body  has  been  coui- 
monly  supposed  to  consist  of  a  loose  fibrous  network,  the  areolae  of  which 

*  See  Sir  David  Brewster,  in  "Philos.  Transact."  1833.  .  .  „  T 

t  See  especially  the  observations  of  Dr.  Pauli  in  the  "  Monatschrift  fiir  Medicni,  J""- 
and  Feb.,  1839 ;  cited  in  the  "  Brit,  and  For.  Med.  Rev.,"  vol.  viii.  p.  247- 
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re  filled  up  with  fluid,  that  drains  away  slowly  when  the  membrane  is 
uinctured;  but  this  notion  of  its  structure  was  purely  hypothetical, 
K'ither  fibres  nor  cells  having  been  made  out  by  any  anatomist.  At- 
mpts  have  been  recently  made  by  Briicke  and  Hanover  to  prove  that 
lis  body  has  a  laminated  structure;  but  much  of  the  evidence  adduced 
\-  them  has  been  shown  by  Mr.  Bowman*  to  be  fallacious.  Some  such 
,  rangement  may  be  cleaiiy  made  out,  however,  in  the  vitreous  body  of 
!ic  Fish's  eye,  and  a  definite  fibrous  texture  is  distinguishable  in  that  of 

0  Bird;  so  that  it  is  probable  that  some  approach  to  it  exists  in  the 
I  treous  body  of  Man.  Whatever  may  prove  to  be  its  intimate  structure, 
le  nutrition  of  this  substance  is  certainly  effected  by  the  same  means 
ith  that  of  the  cornea  and  crystalline;  namely,  by  imbibition  from  the 
I'ssels  distributed  upon  or  near  its  envelope.  The  ciliary  processes  of  the 
horoid  membrane  are  almost  entirely  composed  of  large  ampuUated 
jssels,  closely  resembling  those  of  synovial  membrane  (Fig.  43);  and 
le  blood  which  they  contain  is  jirobably  one  of  the  chief  sources  of 
iitriment  to  the  vitreous  body.    The  reproduction  of  the  Vitreous  body, 

1  escape  of  portions  of  which  is  not  at  all  an  unfrequent  occiu-rence 
uiug  the  performance  of  operations  upon  the  eyes,  seems  to  take  place 
ith  great  rapidity  and  completeness. 

4.  Of  the  Tismes  consolidated  hy  Earthy  deposit; — Bones  and  Teeth. 

256.  Both  the  Fibres  and  Cells  of  the  Animal  tissue  may  be  consoli- 
ted  by  earthy  dejDOsits ;  these  being  chemically  united  with  the  gelatin 
the  Fibres ;  or  secreted,  either  alone,  or  in  combination  with  animal 
itter,  into  the  cavities  of  the  Cells.    An  example  of  the  formation  of  a 
eleton  by  the  consolidation  of  fibres,  is  presented  by  the  shell  and  other 
rd  parts  of  the  Echinodermata ;  t  the  intimate  structure  of  which,  as 
own  by  the  Microscope,  strongly  reminds  ui  ef  Areolar  tissue  that 
'ght  have  undergone  the  calcifying  process.   Again,  we  have  an  example 
the  formation  of  a  skeleton  by  the  deposit  of  mineral  matter  in  the 
vities  of  cells,  in  the  shells  of  Mollusca ;  %  in  many  of  which  (especially 
long  the  'bivalves')  the  cellular  character  is  permanently  shown,  a  con- 
tent membrane  being  left  after  the  carbonate  of  lime  that  consolidated 
3  cells  has  been  dissolved  away  by  an  acid, — an  arrangement  precisely 
nilar  to  that  which  is  found  in  the  Enamel  of  teeth  (§  275),  though 
3  consolidating  material  is  different.    In  the  skeletons  of  Invertebrated 
imals,  which,  with  few  exceptions  are  dermal  or  tegumentary,  there  is 
provision  for  any  other  mode  of  increase  than  that  which  is  effected 
addition  to  the  surface  or  edges  of  the  parts  already  formed;  and 
lere,  as  in  the  Crustacea,  such  an  addition  would  not  serve  to  maintain 
3  form  of  the  calcified  envelope,  and  to  preserve  its  adaptation  to  the 
iscular  apparatus  which  is  attached  to  its  interior,  it  is  periodically 
•own  off  and  renewed.    And  in  the  very  few  cases  in  which  absorption 
ces  place  for  the  removal  of  parts  that  have  become  superfluous,  this 
sorption,  like  the  previous  deposition,  is  superficial  only ;  and  is  effected 

"  Lectures  on  the  Parts  concerned  in  the  Operations  on  the  Eye,"  p.  94  et  seq.;  also 
"  Dubl.  Quart.  .lourn.  of  Med.  Sci.,"  Aug.  1848. 
•  See  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  $  195. 

Op.  cit.  §  197. 
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by  the  mere  contact  of  an  absorbent  surface,  without  any  penetration  of 
vessels  into  the  substance  to  be  renaoved.    The  Osseous  skeleton  of  the 
Vertebrated  animal,  on  the  other  hand,  is  essentially  formed  by  the  con- 
solidation of  the  tissues  immediately  surrounding  the  nervous  centres 
and  of  outgrowths  from  these;*  it  is  invested  by  the  muscular  apparatus 
which  gives  motion  to  its  different  parts ;  and  in  order  that  it  may  keep 
pace  with  the  progressive  growth  of  the  organism  in  general,  it  must  be 
made  capable  not  merely  of  receiving  adcUtions  to  its  surface,  but  also  of 
having  its  interior  gi'adually  consolidated  by  new  dejDosits,  and,  in  like 
manner,  of  having  the  pai'ts  first  laid-down  removed  by  subsequent 
absorption  fi-om  within  as  well  as  from  without.    Even  when  the  full 
growth  of  the  skeleton  has  been  attained,  nutritive  changes  still  take 
place  in  it;  and  the  contimiance  of  these  seems  to  be  destined,  not  so 
much  to  supply  any  waste  occasioned  by  decomposition, — for  this  must  be  '' 
very  trifling  in  a  tissue  of  such  solidity, — as  to  keep  the  fabric  in  a  con- 
dition, in  which  it  may  repair  the  injuries  in  its  substance  occasioned  byi 
accident  or  disease.    The  degree  of  this  reparative  power  we  shall  find  ti* 
be  proportional  to  the  activity  of  the  normal  changes  which  ai'e  continu- 
ally taking  place  in  the  osseous  tissue;  and  is  thus  much  greater  inyoutli 
than  in  middle  life,  and  in  the  vigour  of  manliood  than  in  old  age. 

2/5 7.  When  the  compact  Osseous  substance  of  the  shaft  of  a  long  bone, 
or  of  the  supei-ficial  portions  of  a  flat  bone,  is  examined  with  the  naked 
eye,  it  is  seen  to  possess  a  somewhat  laminated  textm-e;  the  external  and 
internal  laminas  of  the  long  bones  being  an-anged  concentrically  round 
the  medidlary  canal,  whilst  in  the  flat  bones  they  are  parallel  to  the  sur-l 
face.  Towards  the  extremities  of  the  long  bones,  and  between  the  external 
plates  of  the  flat  bones,  are  a  number  of  cancelli,  or  small  hollows  boundedj 

by  very  thin  plates  of  bone ;  these  communi- 
cate with  the  medullary  canal  where  it  exists  ;| 
having,  like  it,  an  extremely  vascular 
membrane ;  and  their  cavities  being  filled  -witl 
a  peculiar  adipose  matter.    Even  the  ] 
substance  of  the  bone  is  traversed  by  cai 
on  which  the  name  of  '  Haversian '  has 
bestowed,  after  their  discoverer;  these 
run  for  the  most  part  in  the  du-ection  of  th( 
laminee ;  but  they  have  many  transverse  com- 
mimications,  both  with  each  other  and  wit 
the  medullary  cavity,  so  that  they  form 
complete  net-work  (Fig.  46),  which  is  lined  b; 
a  continuation  of  the  membrane  of  the  lai 
ter.    Their  diameter  varies  from  1-2 00th  t 
1-2 000th  of  an  inch;  the  average  being  piv 
Vertical  section  of  Tibia,  showing  bably  about  l-500th.     The  smaUer  ones  con 
the  net-work  of  Haversian  Canals.      ^^^jj^  single  Capillary  VCSSCl ;    but  SCVi 

ral  such  vessels  seem  to  exist  in  the  larger  ones,  together  with  adipo^ 
matter.  When  a  thin  transverse  section  of  a  long  bone  is  made,  ana  i 
highly  magnified,  it  is  seen  that  the  bony  matter  of  the  gi-eater  part  o\  ij 
thickness  is  arranged  in  concentric  circles  round  the  orifices  of  the  cana 


Fig.  46. 


See  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  $  320  b,  et  seq. 
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(Fig.  47);  these  circles  arc  marked  by  a  series  of  stellated  points;  and  when 
the  latter  are  magnified  still  more  highly  (Fig.  48),  they  are  seen  to  be 

I  cavities  or  lammce  of  a  peculiar  form,  which  seems  characteristic  of  Bone. 
They  are  usually  oval  or  lenticular  in  form ;  and  are  so  placed,  that  one 

,  of  their  largest  surfaces  is  turned /rom,  and  the  other  towards,  the  Haver- 


FiG.  4/. 


Portion  of  Transverse  Section  of  Humiin  Clavicle,  sliow  ing  the  oriflces  ol  the  Haversian  canals, 
and  the  concentric  arrangement  of  the  laininse  of  bony  matter,  and  of  the  lacunae,  around  them, 
Magnified  85  diameters.  , 


sian  canal.  Their  long  chameter  in  Man  is  commonly  fi'om  1-2  400th  to 
I -1600th  of  an  inch;  their  short  diameter  is  about  one-third,  and  their 
thickness  about  one-sixth,  of  their  length. — It  has  been  shown  by  Mr.  J. 
^uekett,  that  there  are  differences  in  the  form  and  size  of  the  lacunse, 
11  the  several  classes  of  Vertebrated  animals,  sufficiently  characteristic  to 
I  How  of  the  assignment  of  minute  fragments  of  bone,  with  the  aid  of  the 
microscope,  to  their  proper  gxoup. 

258.  From  all  parts  of  the  lacunoe,\)ut  especially  from  their  two  largest 
surfaces,  proceed  a  large  number  of  minute  canaliculi,  which  traverse  the 
^uhstance  of  the  bone,  and  communicate  irregularly  with  one  another 
Fig.  48).  Their  direction,  however,  possesses  a  certain  degree  of  deter- 
nmateness ;  for  those  passing  off  from  the  inner  surface  converge  towards 
he  Haversian  canal;  whilst  those  passing  off  from  the  outer  surface 
li  verge  in  the  contrary  direction,  so  as  to  meet  and  inosculate  with 'those 
•roceeding  inwards  from  the  lacunae  of  the  next  annulus.  In  this  man- 
ner, a  communication  is  kept  up  between  the  Haversian  canal,  and  the 
fiost  external  of  its  concentric  lamellae  of  bone.  It  is  not  to  be  imagined, 
lowever,  that  blood  can  be  conveyed  by  these  canaliculi,  their  size  being 
'ir  too  small ;  for  their  diameter,  at  their  largest  part,  is  estimated  at 

•  "  Transactions  of  the  Microscopical  Society,"  vol.  ii.  See  also  "  Princ,  of  Piivs.,  Gen, 
"'1  Comp.,"  §  202. 
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Portion  of  a  transverse  section  of  the  Human  Clavicle,  more 
highly  magnified,  to  show  the  lacuna;  and  canaliculi, 


from  1-U,000th  to  l-20,000th  of  an  inch,  whilst  that  of  the  smaller 

branches  is  from  l-40,000th 
Fig.  48.  to  l-60,000th  of  an  inch; 

so  that  the  blood-corpuscles 
could  not  possibly  enter 
them.  But  it  may  be  sur- 
mised that  they  draw  fluid 
from  the  nearest  blood-ves- 
sels, and  thus  keep  up  a  sort 
of  circulation  through  the 
osseous  substance,  which, 
ma}^  contribute  to  its  growth, 
and  may  keep  it  in  a  state 
fit  for  repau'ing  itself,  when 
injured  by  disease  or  vio- 
lence.* 

259.  Although  a  large 
quantity  of  blood  is  sent 
to  Bone,  the  vessels  do  not 
penetrate  its  minute  parts; 
being  confined  to  the  me- 
dullary cavity,  and  to  the 
Haversian  canals  and  the  caucelli,  which  are  prolongations  of  it.  The 
substance  of  the  Bone,  therefore,  is  really  as  non-vascrdar  as  that  of 
Cartilage ;  the  only  difference  being,  that  it  is  channelled-out  by  more 
nunferous  inflections  of  the  external  surface,  and  that  the  vessels  are  thus 
brought  into  nearer  proximity  with  its  several  parts.  The  delicate  osseous 
lamellae,  which  form  the  walls  of  the  cancelli,  and  of  the  large  'cells'  exca- 
vated in  some  of  the  cranial  bones,  have  a  structure  precisely  analogous 
to  that  of  the  cylindi'ical  lamina;  surrounding  the  Haversian  canals  of  the 
long  bones;  and  derive  their  nourishment  from  the  vascular  membrane 
covering  their  surflice,  through  the  medium  of  a  similar  set  of  lacimse  and 
canaliculi.  They  do  not  themselves  contain  Haversian  canals  or  canceUi ; 
because  no  part  of  their  substance  is  far  removed  fi'om  a  vascular  mem- 
brane.— The  cylindrical  rods,  that  make  up  the  hollow  shaft  of  a  long 
bone,  are  connected  together  by  solid  osseous  substance,  which  is  com- 
posed of  lamellse  running  parallel  to  the  external  surface  of  the  bone ;  and 
these  seem  to  derive  their  nutriment  either  from  the  periostemn,  or 
from  the  membrane  lining  the  central  medullary  cavity ;  according  as  they 
are  nearest  to  one  or  to  the  other. — The  membranous  lining  of  the  canals 
of  Bone  appears  to  be  suj^plied  with  lymphatics,  and  also  with  nerves; 

*  The  lacunae  and  canaliculi  of  Bone  were  formerly  supposed,  on  account  of  the  dark 
aspect  they  exhibit  under  the  Microscope,  when  viewed  as  transparent  objects,  and  their 
white  appearance  when  viewed  by  reflected  light,  to  be  filled  with  opaque  matter :  but  the 
former  is  common  to  all  cavities  excavated  in  a  highly-refracting  substance  (being  shown  by 
a  bubble  of  air  in  water),  and  ceases  when  a  very  thin  section  of  Bone  is  examined,  especially 
if  it  have  been  placed  in  canada  balsam ;  and  the  latter  seems  due  to  some  peculiar  state  of 
the  earthy  deposit  immediately  surrounding  the  cavities,  as  it  may  be  removed  by  the  agency 
of  an  acid.  In  the  bones  of  Mummies,  these  cavities  are  found  to  be  filled  with  a  waxen 
material ;  whilst  in  those  which  have  lain  in  bogs,  they  arc  rendered  peculiarly  distinct  by  the 
infiltration  of  some  of  the  surrounding  black  matter ;  and  it  is  not  difficult  to  make  theni 
imbibe  liquids,  even  whilst  thej  are  under  observation  beneath  the  Microscope. 
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but  with  both  in  a  very  limited  amount.  The  periosteum  seems  to  be 
scarcely  (if  at  all)  sensible  in  the  state  of  health,  although  painfully  so 
when  inflamed ;  and  the  same  may  be  said  of  the  membrane  lining  the 
Havei-sian  canals  and  cancelli.  The  membrane  lining  the  central  medul- 
laiy  cavity,  however,  is  more  sensitive ;  since  unequivocal  signs  of  pain  are 
manifested  by  an  animal,  when,  a  bone  having  been  sawn  across,  a  probe 
is  passed  up  the  cavity,  or  an  acrid  fluid  is  injected  into  it. 

260.  When  a  Bone  is  subjected  to  the  action  of  dilute  nitric  or 
muriatic  acid,  which  dissolves  away  the  calcareous  matter,  a  substance 
is  left  which  possesses  considerable  tenacity,  but  which  is  at  the  same 
time  very  flexible.  This  is  commonly  termed  Cartilage;  but  the  name 
is  inappropriate,  since  it  has  neither  the  structure  nor  the  chemical  com- 
position of  that  tissue.  The  animal  basis  of  Bone  is  not  chondrin,  the 
chai'acteristic  principle  of  Cartilage  (§  34) ;  but  glutin,  the  organic  com- 
ponent of  the  White  Fibrous  tissue  (§  33).  When  examined  micro- 
scopically, it  does  not  exliibit  any  cartilage -cells,  but  presents  the 
laminated  textm-e  of  the  original  bone  j  and  the  lacunae  are  still  apparent, 
although  their  canaliculi  cannot  be  readily  traced.  When  a  very  thin 
lamella  is  peeled  off  the  surface  of  the  bone,  it  is  found  to  have  a  dis- 
tinctly fibrous  structm-ej  being  composed,  as  was  first  pointed  out  by 
Dr.  Shai-pey,*  of  fibres  in  all  essential  respects  resembling  those  of  the 
White  Fibrous  tissue,  which  decussate  one  another  obhquely,  so  as  to  form 
an  exceedingly  fine  network,  apparently  adhering  to  each  other  at  the 
points  of  intersection.  The  minute  apertures  between  the  reticulated 
fibres  seem  to  give  passage  to  the  canahculi. — If  very  thin  sections  of 
unaltered  Bone,  however,  be  examined  with  a  high  power,  the  solid  por- 
tion lying  between  the  lacunae  and  the  canaliculi  presents  somewhat  of  a 
granular  appearance ;  the  granules,  as  stated  by  Mr.  Tomes,  t  are  often  dis- 
tinctly visible  without  any  artificial  preparatipn,  in  the  substance  of  the 
dehcate  spicules  of  the  cancelli,  when  they  are  viewed  with  a  high  power ; 
and  are  made  very  evident  by  prolonged  boiling  in  a  Papin's  digester. 
They  vaiy  in  diameter  from  l-6000th  to  1-1 4,000th  of  an  inch;  their 
shape  is  oval  or  oblong,  often  angular;  and  they  cohere  firmly  together, 
possibly  by  the  medium  of  some  different  material.  Their  own  sub- 
stance appears  to  be  perfectly  homogeneous;  but  it  is  made  up  of  several 
components,  as  is  demonstrated  by  Chemical  analysis.  It  appears  certain, 
however,  that  the  mineral  matters  must  be  intimately  united  with  the 
organized  tissue,  and  not  merely  deposited  in  its  interstices;  since  no 
|:listinction  can  be  seen  between  them,  even  under  the  highest  magnify- 
ing powers. 

261.  When  the  Calcareous  matter  of  Bone  has  been  removed  by 
the  action  of  an  acid,  the  Animal  substance  which  remains  is  almost 
sntircly  dissolved  by  a  short  boiling  in  water;  yielding  to  it  a  large 
quantity  of  Glutin.  This,  indeed,  may  be  obtained,  by  long  boiling 
ander  pressure,  from  previously-unaltered  Bone;  and  the  calcareous 
natter  is  then  left  almost  pure.  The  Lime  of  bones  is,  for  the  most  part, 
n  the  state  of  Phosphate  (§  70) ;  but  a  certain  proportion  of  Carbonate 

*  Sec  his  excellent  account  of  the  structure  and  development  of  Bone,  in  his  Introduction 

10  "  Quain'a  Elements  of  Anatomy,"  5th  edit.  p.  cxlii. 
+  Todd  and  Bowman's  "Physiological  Anatomy,"  p.  108,  and  "  Cyclopaedia  of  Anatomy 
ind  Physiology,"  art.  '  Osseous  Tissue.' 
s  -2 
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is  always  present.  The  following  are  the  results  of  some  of  the  most 
recent  and  careful  analyses  of  Human  Bone,  by  Marchand  and  Lehmanu : 
those  of  the  former  were  made  on  the  compact  substance  of  tlie  femur  of 
a  man  aged  30 ;  and  those  of  the  latter  on  the  long  bones  of  the  arm  and 
leg  of  a  man  of  40  years  of  age. 


Organic  matter.  Marchand.  Lehmann. 

Cartilage  insoluble  in  hydrochloric  acid          .  27'23  "1 

Cartilage  soluble  in  hydrochloric  acid  5-02  >  32-56 

Vessels         .....  101  J 

Inorganic  matter. 

Phosphate  of  lime           ....  52"26  \  rj^'Q\ 

Fluoride  of  calcium    .          .          ...  100  ^ 

Carbonate  of  lime           .          .          .          .  10-2]  9-41 

Phosphate  of  magnesia          .          .          .  1-05  1*07 

Soda      ......  -92  Ml 

Chloride  of  sodium    ....  0'25  0-38 

Oxides  of  iron  and  manganese,  and  loss    .          .  1*05  '86 


100-00         100  00 

According  to  Dr.  Stark,*  the  relative  proportions  of  cartilaginous  and 
earthy  matter,  in  the  bones  of  different  animals,  in  the  bones  of  the  same 
animals  at  different  ages,  and  in  the  dilferent  bones  of  the  same  body, 
never  depart  widely  from  the  preceding  standard ;  the  amount  of  earthy 
matter  being  always  foiuid  to  be  just  double  that  of  the  cai'tilaginous 
basis,  when  the  bones  have  been  carefully  freed  from  oily  matter,  and 
completely  di-ied,  previously  to  the  analysis.  The  hardness  of  bone,  he 
maintains,  does  not  at  all  depend  upon  the  presence  of  an  unusually  large 
proportion  of  earthy  matter;  nor  does  their  increased  flexibility^  and 
transparency  indicate  a  deficiency  of  the  mineral  ingi-edients :  for  the 
transparent  readily-cut  bones  of  Fish  contain  the  same  amovmt  of  earthy 
matter,  in  proportion  to  their  gelatinous  basis,  as  do  the  dense  ivoi-y-like 
leg-bones  of  the  Deer  or  Sheejj.  The  same  holds  good  of  the  bones  even 
of  the  so-called  Cai'tilaginous  Fish.  The  difference  ajjpeai-s  to  depend  upon 
the  molecular  aiTangement  of  the  ultimate  particles ;  and  especially,  it  seems 
likely,  upon  the  relative  amount  of  water  which  the  bones  contain. 

2G2.  Probably  the  most  exact  and  comprehensive  analyses  yet  made  of 
Bone,  are  those  of  Von  Bibra;t  whose  laborious  investigations  may  be 
said  to  have  almost  exhausted  the  subject.  The  following  table  shows 
the  relative  proportions  of  the  principal  ingredients,  in  some  of  the  prin- 
cipal bones  of  a  woman  aged  25  years. 

Organic  matter. 
Cartilage 

Fat  

hiorganic  matter. 
Phosphate  of  lime  with  a  ^ 
little  fluoride  of  calcium  S 
Carbonate  of  lime 
Phosphate  of  magnesia 
Soluble  salts 


Femur. 

29-54 
1-82 

Occipital 
bone. 
29-87 
1-40 

Scapula. 

32-90 
1-73 

Rib. 
33-06 
2-37 

Os  inno- 
minatum. 
38-26 
1-77 

Vertebra.  Sternum. 
43-44  46-57 
2-31  2-00 

57-42 

57-66 

54-75 

52-91 

49-72 

44-28 

42-63 

8-92 
1-70 
0-60 

8-75 
1-69 
0-63 

8-58 
1-53 
0-51 

8-66 
1-40 
0-60 

8-08 
1-57 
0-60 

8-00 
1-44 
0-53 

7-19 
l-ll 
0-50 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

♦  "  Edinb.  Med.  and  Surg.  Journal,"  April,  1845.  , 
+  "  Chemische  Untersuchungen  'uber  die  Knochen  nnd  Ziihne  des  Menschen,  wnd  tie 
Wirbelthiere." 
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The  analyses  of  the  long  bones  of  the  arm  and  leg  correspond  closely 
with  that  of  the  femur ;  but  we  observe  that  the  proportions  of  ingredients 
ui  the  more  spongy  bones  are  widely  different.  It  is  difficidt,  however, 
to  say  how  far  this  variation  is  due  to  a  difference  in  the  proportions  of 
gelatin  and  earthy  matter,  in  the  actual  osseous  substance;  or  how  far 
it  may  be  accounted-for  by  the  presence  of  an  increased  proportion  of 
membrane,  forming  the  lining  of  the  cancelli. — The  same  uncertainty 
must  attend  the  explanation  of  the  differences  that  present  themselves  at 
different  ages;  as  shown  in  the  following  table,  which  gives  a  series  of 
compaiutive  analyses  of  the  long  bones,  generally  the  femur. 


Foetus 

Foetus 

Child 

Child 

Jlan 

Woman 

6  months. 

7  months. 

2  months. 

5  years. 

25  years. 

62  years. 

Organic  matter. 

Cartilage 

.  40-38 

34-18 

33-86 

31-28 

2970 

28-03 

Fat    .       .        .        .  , 

a  trace 

0-63 

0-82 

0-92 

1-33 

2-15 

Inorganic  matter. 

Phosphate  of  lime  withl 

a  little  fluoride  of  cal-> 

53-46 

57-63 

57-54 

59-96 

59-63 

63-17 

cium       .       .       .  ) 

Carbonate  of  lime      .  . 

3-06 

5-86 

6-02 

5-91 

7-33 

4-46 

Phosphate  of  magnesia  . 

.  210 

1-10 

103 

1-24 

1-32 

1-29 

Soluble  salts 

1-00 

0-60 

0-73 

0-69 

0-69 

0-90 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

From  this  it  will  be  seen,  that  there  is  a  gradual  diminution  in  the 
proportion  of  animal  matter,  thi"ough  Hfe;  and  a  corresponding  increase 
in  the  proportion  of  the  earthy  components.  But  this  is  not  nearly  so 
gi-eat  as  is  usually  supposed;  and  the  greater  solidity  of  the  bones  of 
old  persons  is  doubtless  owing  chiefly  to  the  fact,  that  theu"  cavities  are 
progi-essively  contracted,  by  the  addition  of  new  bony  matter  (§  265). 

263.  The  fii'st  Development  of  Bone  may  take  place  in  the  substance, 
either  of  Membrane,  or  of  Cartilage.*  The  tabular  bones  forming  the 
roof  of  the  craniiun  afford  a  good  example  of  the  first,  or  intra-mem- 
hranous  form  of  Ossification ;  for  their  place  is  but  in  part  pre-occupied 
by  cartilage,  only  a  membrane  being  elsewhere  interposed  between  the 
dura  mater  and  the  integuments.  This  membrane  is  chiefly  composed  of 
fibrous  fasciculi,  coiTCsponding  with  those  of  the  white  fibrous  tissues ; 
but  amongst  these  are  seen  numerous  cells,  some  about  the  size  of  blood- 
discs,  but  others  two  or  three  times  larger,  containing  granular  matter ; 
and  a  soft  amorphous  or  faintly-granular  matter  is  also  found  interposed 
amidst  the  fibres  and  cells.  In  certain  parts,  the  fibres  predominate; 
and  in  others,  the  cells.  The  process  of  ossification  here  seems  at 
first  to  consist  in  the  consolidation  of  the  fibres  by  earthy  matter;  for 
the  first  bony  deposit  consists  of  an  irregular  reticulation,  very  loose 
and  open  towards  its  edges,  where  it  frequently  presents  itself  in  the 
fonn  of  distinct  spicula,  which  are  continuous  with  fasciculi  of  fibres  in 
the  surrounding  membrane.  The  limits  of  the  calcifying  deposit  may  be 
traced  by  the  opaque  and  gi'anular  character  of  the  parts  affected  by  it ; 

'  In  recent  times,  the  development  of  Bone  from  Cartilage  has  received  almost  exclusive 
attention ;  but  the  older  opinion,  that  Bone  is  often  developed  in  Membrane,  has  been  lately 
brought  again  into  notice  by  Dr.  Sharpcy  (Op.  cit.  p.  cxlviii.  ct  seq.),  who  has  demonstrated 
Its  truth  l)y  Microscopic  research.  The  statements  in  the  text,  upon  this  part  of  the  subject, 
ire  derived  from  Dr.  Sharpey's  observations,  which  the  Author  has  liiniself  conlirmed. 
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and  it  gradually  extends  itself,  involving  more  and  more  of  the  surround- 
ing membrane,  until  the  foundation  is  laid  for  the  entire  bone.  Every- 
where, the  part  most  recently  formed  consists  of  a  very  open  reticulation 
of  fibro-calcareous  spicula ;  whilst  the  older  part  is  rendered  harder  and 
more  compact,  by  the  increase  in  the  number  of  these  spicula,  and  pei- 
haps  also  by  the  calcification  of  the  intervening  cells.  As  the  process 
advances,  and  the  plate  of  bone  thickens,  a  series  of  gi'ooves  or  fmTows, 
radiating  from  the  ossifying  centre,  are  found  upon  its  sm'face ;  and  these, 
by  a  further  increase  in  thickness,  occasioned  by  a  deposit  of  ossific  matter 
all  aroiind  them,  are  gradually  converted  into  closed  canals  (the  Haver- 
sian), which  contain  blood-vessels,  supported  by  processes  of  the  investing 
membrane.  Further  deposits  subsequently  take  place  in  the  interior  of 
these  canals ;  which  thus  gi'adually  j)roduce  a  diminution  of  their  calibre, 
and  a  consolidation  of  the  bone;  and  in  this  manner  its  two  surfaces 
acquire  their  peciiliar  density,  whilst  the  interv^ening  layer,  or  'diploe,' 
retains  a  character  more  resembling  that  of  the  original  osseous  reticular 
tion. — The  mode  in  which  the  peculiai'  lacunte  and  canahculi  are  formed, 
in  the  concentric  layers  aroixnd  the  Haversian  canals,  probably  coiTe- 
sponds  with  that  in  which  they  are  generated  in  the  intra-cartUaginom 
form  of  ossification,  to  which  we  shall  next  proceed. 

264.  In  a  very  large  proportion  of  the  skeleton,  the  appearance  of 
the  Bones  is  preceded  by  that  of  Cartilages;  which  serve  (so  to  speak)  as 
the  moulds  for  their  formation,  and  which  also  seem  destined  to  afford  a 
certain  degree  of  sujoport  to  the  surrounding  soft  parts,  until  the  pro- 
duction of  bone  has  taken  place.  The  temporary  Cartilages  differ  ia 
no  essential  particular-  of  stmcture  or  composition,  from  the  permanent. 
They  present  the  same  irregular'  scattering  of  cells  through  a  homo- 
geneous intercellular  substance;  and  there  is  the  same  absence  of  any 
vascularity  in  the  cartilaginous  tissue  itself.  In  all  considerable  masses, 
however,  we  find  a  coarse  network  of  canals,  lined  by  an  extension  of  the 
perichondrium  or  investing  membrane ;  and  these  canals,  which  may  be 
regarded  as  so  many  involutions  of  the  external  surface,  allow  the  vessels 
to  come  into  nearer  relation  with  the  interior  parts  of  the  cartilaginous 


Fig.  49. 


Transverse  section  of  Cartilage  close  to  the  plane  of  Ossification. 

structure,  than  they  would  otherwise  do.  They  are  especially  developed 
at  certain  points,  which  are  to  be  the  centres  of  the  ossifj'ing  process ; 
and  it  is  always  observable,  that  the  vascularity  is  greatest  at  the 
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zone  in  which  the  conversion  of  cartilage  mto  bone  is  actually  taking- 
place,  and  that  the  cartilage-cells  are  there  arranged  in  a  somewhat 
mthating  manner  around  them  (Fig.  49).  During  the  extension  of  the 
vascular  canals  into  the  Cartilaginous  matrix,  certain  changes  are  taking 
place  in  the  substance  of  the  latter,  which  are  preparatory  to  its  conver- 
sion into  Bone.  Instead  of  single  isolated  cells,  or  groups  of  two,  three, 
or  fom",  such  as  we  have  seen  to  be  characteristic  of  ordinary  Cartilage 
(Fig.  41),  we  find,  as  we  approach  the  plane  of  ossification  in  a  vertical 
section,  clusters  made  up  of  a  larger  number  arranged  in  a  linear  man- 
ner (Fig  50) ;  which  seem  to  be  formed  by  a  continuance  of  the  same 


Fig.  50. 


Fig.  51. 


First  Osseous  network  formed  in  the  intercellular  substance  of 
Cartilage,  around  a  vascular  canal,  as  in  Fig.  49. 

multiplying  process  as  that  formerly  described 
(§  104).  And  when-we  pass  still  nearer,  we 
see  that  these  clusters  are  composed  of  a  yet 
gi-eater  number  of  cells,  which  are  arranged  in 
long  rows,  whose  direction  corresponds  to  the 
longitudinal  axis  of  the  bone :  these  clusters  are 
still  separated  by  intercellular  substance ;  and 

^^J^ertical  section  of  Cartilage  at  the  it  is  iu  this,  that  the  OSsific  matter  is  first  de- 
cells  "^e'^armnged"in  *coiumns!'\hI  positcd.    If  wc  Separate  the  cartilagiuous  and 

intercellular  spaces  between  them  the  OSSCOUS  SUbstauCC  at  this  StagC  of  the  prO- 
ljeingl-32o()th  of  an  inch  in  breadth.  n    j  ,     ,^  j        p    ,i  ^  o 

At  the  lower  end  ofthe  figure,  osseous    CCSS,  WO  find  that  the  CudS  01    the    rOWS  Ot 

'  ciiuiar^nareT  Z''7^'}l^  '^r  '"I'v,'"  cartikgc  ccUs  are  received  into  deep  narrow 

uiuiar  -spaces,  at  hrst  boundmg  the  o  ,.„f 

clusters  laterally,  then  splitting  them    CUpS  of  bOUC,  formcd  by  the  CalcificatlOU  of  the 

'cpa'ra'te'ccn.^  The  <.rp"prnnL;fv^    intercellular  substance  between  them  (Fig.  51). 

Thus  the  Bone  first  formed  in  the  cartilaginous 
matrix,  is  seen  to  consist  of  a  series  of  lamellae 
of  a  somewhat  cylindrical  form;  inclosing  ob- 
long areola;,  or  short  tubular  cavities,  within 
'Vhich  the  piles  of  cartilage-cells  yet  lie :  and  it  thus  corresponds  closely 
■\  ith  the  reticular  structm-e,  which  first  makes  its  appearance  in  the  intra- 
nombranous  form  of  the  process. — So  far,  it  would  appear  that  the  blood- 
'essels  are  not  directly  concerned  in  the  operation ;  for  although  they  ad- 
'ance  to  the  near  neighbourhood  of  the  first  ossific  deposit,  they  do  not 
nake  their  way  into  its  substance,  or  even  into  the  intervening  areolae. 


separate  cell.  The  greater  opacity  of 
his  portion  is  due  to  a  threefold 
•ause;  the  increase  of  osseous  fibres, 
hj?  opacity  of  the  contents  of  the 
•ells,  and  the  multiplication  of  oil- 
dobules. 
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Fig. 


265.  This  state  of  things,  however,  speedily  gives  place  to  another.  Ou 
examining  the  subjacent  portion,  in  wliich  the  ossification  has  advanced 
further,  it  is  found  that  the  original  closed  cavities  have  coalesced  to  a 

certain  extent  (probably  by  the  absorption  of  their 
walls),  both  laterally  and  longitudinally;  and  that 
they  now  foi-m  a  cancellated  textui-e  (Fig.  52,  d), 
the  areolte  of  which  (<?,  e)  receive  numerous  blood- 
vessels, prolonged  into  them  from  the  previously- 
ossified  portion.  The  groups  of  cartilage-cells  which 
originally  occupied  the  cavities,  are  no  longer  seen; 
and  their  place  is  filled  with  a  blastema,  composed 
of  cells  containing  a  gi'amdar  matter,  and  closely 
resembling  those  seen  in  the  intra-membranous  ossi- 
fication, with  a  few  fibres  scattered  amongst  them. 
It  is  by  a  change  in  this  blastema,  that  the  walls 
of  the  cavities  are  gradually  consolidated;  new  de- 
posits of  ossific  matter  being  formed  in  then'  inte- 
rior, which  occasion  the  gradual  contraction  of  the 
cavities,  and  give  an  increasing  density  to  the  bone. 
The  cancellated  structure,  which  remains  for  a  time 
in  the  interior  of  the  long  bones,  and  which  con- 
tinues to  occupy  their  extremities,  represents  the 
early  condition  of  the  ossifying  substance,  with  very 
little  change;  whilst  the  cavities  which  have  formed 
more  regular  communications  with  each  other,  and 
which  have  been  gradually  contracted  by  the  sub- 
sequent deposit  of  concentric  lamellse,  one  within 
the  Car niage'^u!!d  inci°!^icnt  another,  form  the  original  Haversian  canals.  Thus 
iio)ie  of  the  cUnphysisof  the  ^0  SCO  that  thcv  all  form  one  system  in  then-  origin; 

J* cinur  in  uii  Iiiitiiit  u  fort-  . 

night  old:— «,  curtilage-cells  as  they  may  be  considered  to  do,  notwithstanding 
llS'c^osiifief  "urS  difference  of  then-  form,  in  the  complete  bone, 

plane  of  ossification,  thc'os-      266.  The  Original  osseous  lamellse,  formed  by  the 

seous  mutter  inclosing  the  tj  j.-  j.i  •  i    j.  „  ™ 

bases  of  the  piles  ;  c,  close  COUSOhdatlOU  01  the  CartllaglUOUS  Substauce,  are  en- 
osseous  network  first  formed;  tirely  composed  of  gi-anular  matter:   and  exhibit 

(t  ciinccllfitcci  structure  loriii-  »/  x  o  ^ 

ed  by  the  absorption  of  parts  HOUG  of  the  lacunae  and  canalicvdi,  which  ai'C  com- 
monly regarded  as  characteristic  of  Bone.  These 
excavations  present  themselves,  however,  in  all  the 
subsequent  deposits;  and  into  the  origin  of  these,  we  have  now  to 
inquire. — According  to  the  views  of  Messrs.  Todd  and  Bowman,  and  of 
Mr.  Tomes  (Op.  cit.),  the  cells  of  the  blastema  fill  themselves  with  ossific 
mattei',  except  at  the  points  occupied  by  the  nuclei ;  at  the  same  time, 
they  become  flattened  against  the  walls  of  the  canals,  and  then-  nuclei 
send  out  radiating  prolongations ;  so  that,  when  the  calcification  of  the 
cell  has  been  completed,  a  stellate  cavity  is  left  in  the  hard  deposit,  which 
is  occupied  by  the  gi'anular  matter  of  the  nucleus.  The  centre  of  this 
cavity  forms  the  lacuna,  in  which  some  traces  of  the  original  granulai* 
matter  may  fi-equently  be  found  remaining;  whilst  its  prolong-atious  form 
the  canaliculi,  from  which  the  nuclear  matter  seems  afterwards  to  disap- 
l^ear  altogether. — By  Heide,  again,  it  is  considered  that  the  laciuia  is  a 
cavity  left  in  the  centre  of  a  cell,  which  has  been  partially  filled  up  by  the 
deposition  of  calcifying  matter  upon  the  internal  surface  of  its  wall ;  and 


of  this;  c,  its  cancelli,  tilled 
with  medulla 
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that  the  unequal  deposit  of  this  matter  leaves  passages,  resembling  those 
of  the  'pore-cells'  of  plants,  which  constitute  the  canaUculi. — It  is  justly 
remarked,  however,  by  Dr.  Shai'pey,  that  neither  of  these  two  views  is 
reconcilable  with  the  structm-e  of  ordinary  sound  bone  :  in  which  there 
is  not  only  an  absence  of  any  vestiges  of  cell-boundaries,  limiting  the 
radiation  of  the  canaliculi  which  issue  fi-om  each  lacuna  j  but  it  is  con- 
stantly to  be  observed,  that  the  canaliculi  of  one  lacuna  encroach  upon  the 
areas  traversed  by  those  of  the  next.  And  it  is  considered  by  Dr.  S.,  that 
the  lacunae  and  canaliculi  are  "  little  vacuities  left  in  the  tissue  during 
the  deposition  of  the  reticular  fibres,  as  open  figures  are  left  out  in  the 
weaving  of  some  artificial  fabrics;  and  thus  that  the  apposition  of  the 
luinute  apertm-es  existing  between  the  reticulations  of  the  lamellee  gives 
rise  to  the  canaliculi.  At  the  same  time  it  seems  not  unlikely  that  a  cell 
or  a  cell-nucleus  may  originally  lie  in  the  lacuna  or  central  cavity,  and 
perhaps  determine  the  place  of  its  formation."  (Op.  cit.,  p.  clviii.)  —  The 
Author  has  been  led,  however,  from  his  own  observations,  to  consider, 
mth  Schwann,  that  each  lacuna,  with  its  system  of  radiating  canaliculi,  is 
one  entu-e  cell,  resembling  the  pigment-cells  of  Batrachia  (Fig.  66,  c,  c), 
which  send  out  stellate  prolongations  that  sometimes  inosculate  with  each 
other;  and  to  believe  that  these  prolongations  in  their  outward  growth, 
insinuate  themselves  through  the  areolee  of  the  fibrous  basis,  whilst  it  is 
undergoing  calcification,  after  the  manner  in  which  the  rootlets  of  plants 
extend  themselves  through  the  loosest  parts  of  a  dense  soil.  For  he  has 
traced  all  stages  of  gradation  between  the  simple  rounded  cavities,  whose 
coiTespondence  in  size  and  situation  with  the  cells  that  are  scattered  in 
the  midst  of  the  consolidating  blastema  leaves  scarcely  any  doubt  of  their 
identity  with  these,  and  the  lenticular  lacunae  with  numbers  of  canaliculi 
jiroceechng  fi'om  them.'^ — Whatever  may  be  the  precise  mode  of  the  j)ro- 
luction  of  the  lacunae  and  canaliculi,  it  may  be  considered  as  a  well- 
established  fact,  that  the  production  of  the  concentric  layers  of  osseous 
substance  within  the  Haversian  canals  takes  place  in  a  manner  that  more 
closely  corresponds  with  the  intra-membranous,  than  with  the  intra-carti- 
lagiuous  form  of  osteogenesis;  and  that  thus  it  is  only  with  the  very  first 
stage  of  the  process,  that  the  cartilaginous  matrix  has  any  concern. t 

267.  In  the  formation  of  a  long  bone,  we  usually  find  one  centre  of 
ossification  in  the  shaft,  and  one  in  each  of  the  epiphyses;  in  the  flat 
hones,  there  is  one  in  the  middle  of  the  surface,  and  one  in  each  of  the 
principal  processes.  The  ossification  usually  proceeds  to  a  considerable 
oxtent,  however,  in  the  main  centre,  before  it  commences  in  the  ex- 
tremities or  processes ;  and  these  remain  distinct  ft-om  the  principal  mass 
of  the  bone,  long  after  this  has  acquired  solidity.  During  the  spread  of 
the  ossifying  process,  the  cartilaginous  matrix  continues  to  grow,  like 
•artilage  in  other  parts;  but  after  the  bony  deposit  has  pervaded  its  entire 

*  The  independent  observations  of  Dr.  Loidy  of  Philadelphia  precisely  confirm  those  of  the 
Author  upon  this  point.  (See  the  "  Proceedings  of  the  Piiiladelphia  Academy  of  Natural 
Sciences,"  Nov.  1848).  The  various  gradations  of  the  calcifying  process  in  a  fibrous  tissue 
nay  be  very  well  seen  in  the  ossified  tendons  of  the  legs  of  many  Birds. 

+  The  account  recently  given  by  Prof.  Kolliker  of  the  formation  of  the  lacunae,  &c.  is  too 
much  founded,  as  it  appears  to  the  Author,  upon  observations  made  upon  an  abnormal  mode 
"f  it,  which  cannot  be  taken  as  the  criterion  of  the  healthy  process.    (See  §  20"9).  Some 
liticisms  upon  Prof.  K.'s  views  will  be  found  in  the  "Brit,  and  For.  Med.  Chir  Rev  " 
l:m.  185-2.  ' 
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substance,  iu  the  manner  just  described,  a  change  takes  place  in  the 
method  adopted.  The  osseous  lamiute,  that  subdivide  the  whole  texture, 
are  removed  by  absorption  from  the  interior  of  the  shaft,  so  as  to  leave 
the  great  central  medidlary  cavity ;  whilst,  on  the  other  hand,  they  receive 
progressive  additions  in  the  external  portion,  which  is  thus  gradually 
consolidated  into  the  dense  bone,  that  forms  the  hollow  cyhnder  of  the 
shaft.  This  consolidation  is  effected  by  the  de^Dosit  of  a  series  of  con- 
centric laminse,  one  withm  anothei',  on  the  lining  of  the  Haversian  canals. 
— The  bone  continues  to  increase  in  diameter,  by  the  formation  of  new 
layers  upon  its  exterior;  and  Dr.  Sharpey  has  pointed  out  that  these 
layers  are  formed,  not  (as  usually  stated)  in  a  cartilaginous  matrix,  but  in 
the  substance  of  a  membrane  that  intervenes  between  the  proper  perios- 
teum and  the  sui-face  of  the  bone,  consisting  of  fibres  and  gi'anular  cells, 
and  exactly  resembling  that  in  which  the  flat  bones  of  the  roof  of  the 
skull  are  developed.  The  basis  of  this  sub-periosteal  tissue  has  been  shown 
by  Scherer  not  to  be  chondrin,  but  glutin ;  consequently  it  has  no  title 
whatever  to  the  designation  of  cartilage,  which  some  have  aj)phed  to  it. 
The  Haversian  canals,  too,  of  these  new  layers,  are  formed  in  the  same 
manner  as  those  of  the  tabular  bones  of  the  skull;  the  osseous  matter 
being  not  only  laid-on  in  strata  pai'allel  to  the  surface,  but  also  being 
deposited  around  processes  of  the  vascular  membranous  tissue,  which 
extend  obliquely  from  the  surface  into  the  substance  of  the  shaft;  the 
channels,  in  which  these  membranous  processes  lie,  becoming  narrowed  by 
the  deposition  of  concentric  osseous  laminae,  and  at  last  remaining  as  the 
Havei'sian  canals.  Whilst  this  new  deposition  is  taking  place  on  the 
exterior  of  the  shaft,  absorption  of  the  inner  and  older  layers  goes  on ;  so 
that  the  central  cavity  is  proportionably  enlarged. — The  increase  of  the 
bone  in  length  appears  due  to  the  growth  of  the  cartilage  between  the 
shaft  and  the  epiphyses,  so  long  as  this  remams  unconsohdated  by  ossific 
deposit ;  and  this  state  continues,  until  the  bone  has  acquired  neai'ly  its 
fnU  dimensions.  What  fm-ther  increase  it  gains,  seems  chiefly  if  not 
entirely  due  to  the  progi-essive  ossification  of  the  articular  cartilage  cover- 
ing the  extremities;  which  progressively  diminishes  in  thickness  dming 
the  whole  of  life,  and  which  in  old  age  sometimes  ajDpears  to  have  been 
almost  completely  converted  into  bone. 

268.  It  thus  appears  that  there  is  no  true  interstitial  growth  in  Bone; 
that  is,  the  parts,  thi'ough  which  the  ossific  process  has  made  its  way, 
are  incapable  of  any  further  extension  than  by  addition  to  their  surface. 
By  the  admirable  system  of  prolongations,  however,  by  which  the  vascular 
membrane  is  conveyed  into  its  intimate  substance,  we  find  this  method 
of  superficial  deposit  adapted  to  the  consoHdation  of  parts  which  are  at 
first  sketched  out  (as  it  were)  by  a  shght  osseous  reticidation;  whilst  by 
the  facility  with  which  the  bony  matter  is  absorbed  in  the  internal  pai't  of 
the  shaft,  at  the  same  time  that  it  is  being  deposited  on  its  exterior,  the 
same  effect  is  produced,  as  if  the  whole  cylinder  could  enlarge  imiforroiy 
by  a  proper  interstitial  growth,  in  the  manner  of  the  softer  tissues. — Much 
of  our  information  regarding  the  mode  in  which  new  osseous  matter  is 
deposited,  is  derived  from  observations  made  upon  the  bones  of  animals 
that  have  been  fed  with  madder;  for  this  colovu-ing-matter,  having  a 
strong  afiinity  for  bone-earth,  tinges  all  those  parts  which  ai*e^  in  close 
relation  with  the  vascidai*  surfaces.    In  veiy  3"0ung  animals,  a  single  day 
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-erves  to  colour  the  entire  substance  of  the  bones;  for  there  is  in  them 
10  osseous  matter  far  removed  fi-om  a  vasculai'  surface.  At  a  later  j)eriod, 
lowever,  the  coloiuing  matter  is  deposited  less  rapidly ;  and  is  found  to 
;  )e  confined  to  the  innermost  of  the  concentric  laminee  of  bone  surround- 
ug  each  Haversian  canal,  showing  that  this  is  the  last  formed.  When 
I  aadder  is  given  to  a  growing  animal,  the  external  portion  of  the  shaft  is 
ii-st  reddened;  showing  that  the  new  formation  takes  place  exclusively  in 
hat  situation.    And  if,  when  time  has  been  allowed  for  this  part  to 
■come  tinged,  the  administration  of  the  madder  be  discontinued,  and 
he  animal  be  killed  some  weeks  afterwards,  the  red  stratum  is  surrounded 
ly  a  colomiess  one  of  subsequent  formation ;  whilst  the  colourless  layer 
iiternal  to  the  red  one,  and  formed  previously  to  it,  is  thinned  by  absorp- 
ion  from  within.     By  alternately  administering  and  withholding  the 
aadder,  a  succession  of  coloured  and  colourless  cylinders  may  thus  be 
u-med  in  the  shaft  of  a  long  bone ;  which  present  themselves  as  concen- 
1  ic  rings  in  its  transverse  section. 
269.  The  natm-e  of  the  Ossifying  process  receives  some  additional  light 
•cm  the  abnormal  forms,  in  which  it  occasionally  presents  itself  in  Car- 
ilages  that  are  usually  permanent ;  as  well  as  in  various  Fibrous  tissues, 
iich  as  the  coats  of  the  arteries,  fibrous  and  serous  membranes,  muscular 
iibstance,  &c. ;  and  also  in  the  development  of  Tumours.    In  most  of 
hese  cases,  the  ossific  deposit  may  often  be  seen  to  take  place,  in  the  first 
istance,  in  the  form  of  distinct  granules,  which  gradually  coalesce;  or 
1  the  form  of  spicular  fibres,  to  which  additions  are  progressively  made, 
util  a  solid  mass  is  produced.    This  adventitious  bone,  however,  almost 
ivariably  differs  from  true  or  normal  bone,  in  the  want  of  a  regular 
[aversian  system  with  concentric  laminae,  and  in  the  absence  or  imper- 
ct  production  of  the  characteristic  lacunae  and  canaliculi.  Irregular 
ivities,  however,  are  scattered  through  them,  -s^hich  may  in  some  degree 
aswer  the  same  purpose ;  and  these,  in  osseous  tumours  which  had 
■iginally  a  Cartilaginous  basis,  may  often  be  plainly  seen  to  be  the  per- 
stent  cartilage-ceUs,  or  the  nuclei  of  cartilage-cells,  the  intervening 
ibstance  having  undergone  calcification  and  gradually  inclosed  them. 
■  is  cmious  that  in  certain  abnormal  Cartilaginous  growths,  the  nuclei 
"ive  a  stellate  form,  and  the  cartilage-cells  become  fused  with  the  sur- 
>unding  basis-substance ;  so  that,  when  the  latter  is  calcified,  the  enclosed 
ellate  nuclei  present  a  strong  resemblance  to  the  normal  lacunae  and 
inalicidi  of  bone.'^    But  it  may  be  stated  as  a  well-established  fact,  that 
Jcified  tissues  having  a  more  or  less  close  resemblance  to  true  Bone, 
lay  be  produced  in  a  great  variety  of  modes;  and  no  inference  can 
i  fairly  drawn  fi'om  such  observations,  therefore,  in  regard  to  the  normal 
'ocess  of  Osteogenesis.    For  Osseous  tissue,  though  of  a  very  imperfect 
'nd,  is  often  foi-med  in  the  substance  of  Fibrous  tumours,  by  the  calcifi- 
-tion  of  their  organic  base ;  and  it  is  curious  that  this  shoidd  usually 
'ntain  a  very  large  proportion  of  calcareous  matter,  as  much  as  81^  per 
•nt  having  been  found  in  a  specimen  transmitted  to  John  Hunter  as  a 
IcidiLs,  and  the  proportion  of  carbonate  of  lime  being  much  greater 
lan  in  normal  bone.    Where  perfected  Osseous  sti-uctm'e  presents  itself 
a  Tumour,  it  is  usually  as  an  outgi'owth  from  true  Bone.  It  is  curious, 

*  See  Mr.  Paget's  '  Lectures  on  Tumours,'  in  "  Medical  Gazette,"  Aug.  8,  1851. 
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liowever,  that  the  osseous  plates  not  uufrequeiitly  found  in  the  duiu 
mater,  possess  a  structure  (as  pointed  out  by  Mr.  Tomes,  loc.  cit.)  much 
more  closely  allied  to  that  of  true  bone,  than  that  which  presents  itself 
in  most  adventitious  formations  of  this  kind;  and  this  seems  related  to 
the  fact,  that,  in  some  of  the  lower  Mammaha,  esj)ecially  of  the  Cai-ni- 
vorous  order,  certain  parts  of  this  membrane  (the  falx  and  tentorium) 
are  normally  ossified. 

270.  The  Regeneration  of  Bone,  after  loss  of  its  substance  by  disease 
or  injmy,  is  extremely  complete ;  in  fact,  there  is  no  other  structure  of  so 
complex  a  natm'e,  -which  is  capable  of  being  so  thorouglily  repaired.  Much 
discussion  has  taken  place,  with  respect  to  the  degi'ee  in  which  the 
different  membranous  stnictm'es,  that  surroimd  bone  and  penetrate  its 
substance,  contribute  to  its  regeneration ;  but  the  fact  seems  to  be,  that 
any  or  all  these  membranes  may  contribute  to  the  formation  of  new 
bone,  in  proportion  to  their  vascularity, — the  new  stmcture,  however, 
being  most  readily  produced  in  continuity  with  the  old.  Thus,  when  a 
portion  of  the  shaft  of  the  bone  is  entirely  removed,  but  the  periosteum 
is  left,  the  sj^ace  is  filled  up  with  bony  matter  in  the  coiuse  of  a  few 
weeks;  though,  if  the  periosteum  also  be  removed,  the  formation  of  new 
osseous  matter  will  be  confined  to  a  small  addition  in  a  conical  form  to 
the  two  extremities,  a  large  interspace  being  left  between  them.  Tlie 
production  of  new  bony  tissue,  in  this  experiment,  as  in  cases  where  tlie 
periosteum  has  been  detached  by  disease  and  remains  alive  while  the 
sliaft  dies,  is  in  continuity  with  minute  spicula  of  original  bone,  which 
still  adhere  to  the  membrane ;  and  it  is  well  known  that,  in  comminuted 
fractures,  every  portion  of  the  shattered  bone,  that  remains  connected 
with  the  vascular  membranes,  whether  these  be  internal  or  external, 
becomes  the  centre  of  a  new  formation ;  the  loss  of  substance  being  filled 
ujj  the  more  rapidly,  in  proportion  to  the  number  of  such  centres. 

271.  The  most  extensive  rej)aration  is  seen,  when  the  shaft  of  a  loug 
bone  is  destroyed  by  disease.  If  violent  inflammation  occm-  in  its  tissue, 
the  death  of  the  fabric  is  frequently  the  consequence ;  apparently  through 
the  blocking-up  of  the  canals  Avith  the  j)roducts  of  inflammatoiy  action,  and 
the  consequent  cessation  of  the  supply  of  nutriment.  It  is  not  often  that 
the  whole  thickness  of  the  bone  becomes  necrosed  at  once ;  more  com- 
monly this  result  is  confined  to  its  outer  or  to  its  inner  layers.  When 
this  is  the  case,  the  new  formation  takes  place  from  the  part  that  remains 
sound ;  the  external  layers,  which  receive  their  vascvdar  supply  from  the 
periosteum,  and  fi-om  the  Haversian  canals  continued  inwards  fi'om  it. 
throwing  out  new  matter  on  their  interior,  which  is  gradually  converted 
into  bone ;  whilst  the  internal  layers,  if  they  shoidd  be  the  parts  remaining 
uninjm-ed,  do  the  same  on  their  exterior,  deriving  their  materials  fi"om  tlie 
medullary  membrane,  and  from  its  prolongations  into  tlieir  Haversian 
canals.  But  it  sometimes  happens  that  the  whole  shaft  suffers  necrosis: 
and  as  the  medullary  membrane  and  the  entire  Haversian  system  have 
lost  their  vitality,  reparation  can  then  only  take  place  from  the  splinters  of 
bone  which  may  remain  attached  to  the  periosteum,  and  from  the  living 
bone  at  the  two  extremities.  This  is  consequently  a  veiy  slow  process ; 
more  especially  as  the  epiphyses,  having  been  originally  formed  as  distinct 
parts  from  the  shaft,  do  not  seem  able  to  contribute  much  to  the  regenera- 
tion of  the  latter. 
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273.  When  the  shaft  of  a  long  bone  of  a  dog,  rabbit,  or  bird  has  been 
Vactured  through,  and  the  extremities  have  been  brought  evenly  together, 
•  is  found  that  the  new  matter  first  ossified  is  that  which  occupies  tlie 
■iitral  portion  of  the  deposit,  and  which  thus  connects  the  medullary 
avities  of  the  broken  ends,  forming  a  kind  of  plug  that  enters  each. 
:'liis  was  termed  by  Dupuytren,  by  whom  it  was  first  distinctly  described, 
he  provisional  callus  ;  and  it  serves  to  hold  the  bones  together  daring 
he  formation  of  the  permanent  callus,  which  passes  directly  between  the 
i  iictured  sm-faces,  and  which  usually  requires  a  much  longer  time  for  its 
(xiuctiou.    After  this  more  direct  union  has  been  established,  the  pro- 
isioual  callus  is  gradually  absorbed,  and  the  continuity  of  the  meduUaiy 
mal  is  thus  restored,  in  the  manner  in  which  it  was  first  established, 
.'liese  statements  do  not  apply  to  Man,  however,  without  great  modifica- 
ion.    For,  as  Mr.  Paget  has  pointed  out,*  it  is  very  rare  to  find  a  true 
.rovisional  callus  uniting  the  fractured  ends  of  a  human  bone ;  and  since, 
,liere  this  does  present  itself,  as  in  the  ribs,  and  occasionally  in  the 
lavicle,  the  two  broken  ends  are  in  a  state  of  continual  movement,  we 
re  probably  to  attribute  its  absence  in  other  cases,  to  the  maintenance 
f  quietude  and  more  perfect  apposition.    Mr.  Gulliver  has  remarked  t 
liat,  when  the  broken  portions  of  bone  form  an  angle,  there  is  quite  a 
istiuct  centre  of  ossification  in  the  new  matter,  from  which  that  portion 
f  it  is  ossified,  that  lies  between  the  sides  of  the  angle;  thus  forming- 
hat  has'  been  termed  an  accidental  callus,  and  giving  support  to  the  two 
H  )rtions  of  the  shaft,  in  a  situation  which  is  exactly  that  of  the  greatest 
echanical  advantage.    Though  for  some  time  quite  unconnected  with 
lie  old  bone,  it  soon  becomes  united  to  the  regular  callus.    This  instance 
roves,  that  continuity  with  previously-formed  bone  is  not  absolutely 
_^quisite  for  the  production  of  new  osseous  structure;  although  the 
i  ocess  is  decidedly  favoured  thereby, 

273.  The  production  of  new  Osseous  tissue,  after'disease  or  injury,  seems 
)  take  place  upon  a  plan  essentially  the  same  as  its  original  formation.  A 
lastic  or  organizable  exudation  is  first  poured  out  from  the  neighbouring 
lood- vessels  j  and  this  nucleated  blastema  may  itself,  according  to  Mr. 
aget's  obseiwations,:};  undergo  conversion  into  bone,  without  any  interme- 
iate  stage ; — a  finely-granular  osseous  deposit  taking  place  in  the  blastema, 
ad  gi-adually  accumidating  so  as  to  form  the  delicate  yet  dense  lamellse 
f  fine  cancellous  tissue ;  and  the  nuclei  apparently  giving  origin  to  the 
sseous  lacunee  and  canaliculi.  But  where  this  simplest  form  of  the 
■  ocess  does  not  take  place,  the  nucleated  blastema  gives  origin  either  to 

cartilaginous  or  to  a  fibrous  structure,  or  to  a  combination  of  both.  The 
)rmer  seems  more  common  among  the  lower  animals,  especially  when 
ley  are  young,  than  it  is  in  Man ;  when  it  occurs,  the  cartilage  is  con- 
erted  into  bone  after  the  usual  manner.  In  older  animals,  however,  the 
ew  structure  appears  to  be  rather  of  a  fibrous  character ;  and  the  ossify- 
ig  process  would  therefore  correspond  rather  with  that,  by  which  the 
ormal  increase  of  their  bones  is  effected.  Mr.  Tomes  states  §  that  he 
fia  examined  various  cases  of  fracture  of  the  neck  or  shaft  of  the  femur, 

*  '  Lectures  on  Repair  and  Reproduction,'  in  "  Medical  Gazette,"  July  20,  184.9,  p.  1 1 6. 
+  "  Edinb.  Med.  and  Surg.  Journal,"  vol.  xlvi.  p.  .31.3. 
X  Op.  cit.,  pp.  120,  121. 

$  "  Cyclopoedia  of  Anatomy  and  Physiology,"  vol.  iii.  p.  8.^7. 
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in  which  union  has  not  been  effected,  in  consequence  of  the  patient's 
advanced  age ;  and  that  he  found  in  these  no  intervening  cartilage,  and 
but  a  scanty  amount  of  condensed  areolar  tissue.  In  this  lattei',  traces  of 
an  attempt  at  repair  may  be  generally  found,  in  the  presence  of  osseous 
matter  in  granules  or  granular  masses ;  but  in  these  there  is  no  aiTange- 
ment  of  tubes  or  bone-cells  of  definite  character  j  indeed,  such  osseous 
masses  are  generally  small,  and  are  deficient  in  density,  owing  to  the 
want  of  union  between  the  individual  granules. 

274.  The  Teeth  are  nearly  allied  to  Bone  in  structure;  and  in  some  of 
the  lower  Vertebrata,  there  is  an  actual  continuity  between  the  bone  of 
the  jaw,  and  the  teeth  projecting  from  it,  notwithstanding  that  the  latter 

form  part  of  the  dermal  skeleton,  whilst,  the 
former  belongs  to  the  neural  or  internal.  In 
Man  and  the  higher  animals,  however,  there  is 
an  obvious  difference  in  their  structure,  as 
in  their  mode  of  development.  These  sub- 
jects have  lately  received  much  attention; 
and  the  practical  importance  of  an  acquaint- 
ance with  them,  renders  it  desirable  that  they 
shoiild  be  here  treated  somewhat  fuUy. — The 
Teeth  of  Man,  and  of  most  of  the  higher  ani- 
mals, are  composed  of  tln-ee  very  different  sub- 
stances ;  Dentine  (known  as  ivory  in  the  tusk 
of  the  Elephant),  Enaviel,  and  Cementum  or 
Crusta  Petrosa.  These  are  disposed  in  various 
methods,  according  to  the  purpose  which  the 
Tooth  is  to  serve :  in  Man,  the  whole  of  the 
crown  of  the  tooth  is  covered  with  Enamel 
(Fig.  53,  a);  its  root  or  fang  is  covered  witli 
Cementum  (6,  g),  whilst  the  substance  Or  body 

Vertical  stction  ol  Human  Molar  of  the  tOOtll  is  COmpOSCd  of  Dentine  (c).  In 
Too</(  .—a,  enamel;  i,  a-,  cementum  i      m     ,i      f  tt    i  •  •  i 

or  crusta  petrosa ;  c,  dentine  or  ivory ;  tne  molar  1  eetn  oi  many  Herbivorous  animals, 

fe;rop\ro~^^  ^^'^'^^l         Cementum  form 

/,  osseous  ceUs  at  outer  part  of  vertical  plates,  which  alternate  with  plates  of 
*°  Dentine,  and  present  their  edges  at  the  grind- 

ing surface  of  the  tooth ;  and  the  unequal  wear  of  these  substances, — the 
Enamel  being  the  hardest,  and  the  Cementum  the  softest, — occasions  this 
surface  to  be  always  kept  rough. 

275.  The  Dentine''-  consists  of  a  firm  substance,  in  which  mineral 
matter  largely  predominates,  though  to  a  less  degree  than  in  the  enamel. 
It  is  traversed  by  a  vast  number  of  veiy  fine  cyhndrical  branching  wavy 
tubuh ;  which  commence  at  the  pulp-cavity  (on  whose  waU  their  open- 
ings may  be  seen),  and  radiate  towards  the  surface  (Fig.  54,  a  a).  In 
their  course  outwards,  the  tubuli  occasionally  divide  dichotomously ;  and 
they  fi-equently  give  off  minute  branches,  which  again  send  off  smaller 
ones.  These  branchings  are  more  fi-eqiient,  the  nearer  the  tubes  approach 
the  exterior  of  the  dentine;  and  indeed  it  is  only  in  the  immediate  neigh- 
bourhood of  the  enamel,  that  the  dentinal  tubes  of  the  crown  of  the 

*  A  structure  exactly  resembling  Dentine  Ivas  been  found  by  the  Author  in  the  shell  of 
the  Crab,  especially  at  the  tips  of  the  claws ;  and  a  less  regular  structure  of  the  same  knw 
in  the  shells  of  many  Mollusca.    ("  Princ.  of  Phys.,  Gen.  and  Comp.,"      197,  199.) 
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liumau  tooth  usually  begin  to  ramify,  although  those  of  the  neck  and 
thug  give  off  branches  about  the  middle  of  their  coiu-se.  The  terminal 
orauclies,  on  their  aiTival  at  the  line  of  junction  between  the  dentine  and 
mamel,  sometimes  recm've  and  anastomose  with  contiguous  tubes,  some- 


FiG.  54. 


Section  through  the  fang  of  a  Molar  Tooth : — a,  a,  dentine  traversed  by  its  tubuli;  b,  b,  nodular 

layer;  c,  c,  cementum. 

es  pass  across  the  line  of  junction  and  extend  themselves  for  a  short 
mce  into  the  enamel  (as  first  noticed  by  Mr.  Tomes),*  and  sometimes 
ad  in  a  fine  point  or  in  a  rounded  dilatation.  In  the  fang  of  the  tooth, 
ere  is  a  much  more  frequent  anastomosis  among  the  tubuli;  and  of 
eir  terminal  branches,  some  lose  themselves  in  their  intertubular  tissue, 
hers  dilate  into  radiating  cells  not  unlike  those  of  the  cementum,  others 
^astomose  and  form  loops  with  the  branches  of  adjacent  tubes,  whilst 
hers  pass  into  the  interspaces  that  exist  among  flie  large  granules  that 
'm  the  outer  sm^face  of  the  dentine  of  the  fang  (Fig.  54,  h  h),  and  some 
f  these  may  even  extend  them- 

Ives  into  the  cementum   and  Fig.  55. 

Qimunicate  with  its  radiating  a 
^8.    "When  the  dentinal  tubuli 
e  examined  in  transverse  sec-  /^'S^"®^^— > 
n  (Fig.  55),  the  aperture  of 

■   rroimded  by  g§f|®<Sf  J^' 

eparates  its  ^^|p®®J^0®) 


B 


•h  is  seen  to  be  sur 
annulus,  which  separates 
Irietes  from  the  intertubular 
I^BTie;  and  it  can  be  further  seen 

ter  111  transverse  than  in  Ion-  Transverse  sections  of  Dew«Me;  a,  from  the  crown: 
Udinal  sections,  that  the  dis-  b,  from  the  fang;  showing  the  orifices  of  the  tubes,  and 
i?  ii       J   1    T    p  1     the  thickness  of  their  walls. 

ces  01  the  tubuu  from  each 

er  vaiy  gi-eatly ;  the  tubuli  being  closest,  and  the  intertubular  tissue 
isequently  the  smallest  in  amoimt,  in  the  crown  of  the  tooth  (a)  ; 
■ilst  in  the  dentine  of  the  fang  the  intertubular  tissue  forms  the  larger 

^  See  his  "  Lectures  on  Dental  Physiology  and  Surgery,"  p.  35.  Mr.  Tomes  has  since 
•  wn  that  the  passage  of  the  dentinal  tubes  into  the  Enamel,  in  large  numbers,  and  for  a 

adorable  distance,  is  a  distinctive  character  of  tlie  teeth  of  Marsupialia.    "  Philos. 

nsact.,"  184!). 
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element  (b).  The  internal  diameter  of  the  tubuli  in  their  largest  pan 
averages  about  1-1 0,000th  of  an  inch,  but  when  their  parietes  are  in- 
cluded, it  measures  about  3-10,000ths;  their  smallest  branches  are  im- 
measurably fine.  The  intertubular  tissue  of  dentine,  as  of  bone,  is  affirmed 
by  Mr.  Tomes  to  be  granular  tlu-oughout;  the  gi-anules  being  nearh 
spherical,  and  measiu-ing  from  1  to  3-10,000ths.  Near  the  sm-face  of  the 
dentine  in  the  fang,  and  occasionally  in  other  parts  of  the  tooth,  it 
presents  the  appearance  of  an  aggi-egation  of  nodular  concretions,  witli 
iiTegular  interspaces  between  them  (Fig.  54,  h  h);  each  of  these,  when 
divided  transversely  and  highly  magnified,  is  seen  to  be  traversed  by 
several  dentinal  tubes  (Fig.  56).    In  other  parts  of  the  tooth,  it  not 

unfi-eqnently  happens  that  the  dentinal 
Fig.  56.  substance  is  traversed  by  lines  which  divide 

it  into  more  or  less  regular  polygonal  area  ; 
and  this  appearance,  which  is  normal  in  the 
teeth  of  many  of  the  lower  animals,  is  con- 
sidered by  Prof.  Owen  as  indicative  of  the 
persistence  of  the  boundaries  of  the  ori- 
ginal cells  of  the  pulj).  A  more  satisfac- 
tory explanation  of  it  is  afforded,  howevei-. 
by  Mr.  Tomes's  researches  on  the  develop- 
ment of  dentine  (§  213). — The  Dentinal 
tubuli  are  far  too  minute  to  receive  blood ; 
J;^^'r/aJrithiS^^^  but  it  may  be  surmised  that,  like  the  can: 

aliculi  of  bone,  they  absorb  matter  from 
the  vascular  lining  of  the  pulp-cavity,  which  aids  in  the  nutrition  ot 
the  tooth.    Although,  when  once  fully  formed,  the  Tooth  vmdergoes 
little  or  no  change,  there  is  evidence  that  it  possesses  a  certain  powci' 
of  repairing  the  effects  of  disease;  a  new  layer  of  hard  matter  being 
sometimes  thi'own  out  on  a  surface,  which  has  been  laid  bai'e  by  Caries. 
It  has  been  found,  too,  that  the  Dentine  is  sometimes  tinged  by  coloiu'- 
ing  matters  contained  in  the  blood.    This  is  most  evident,  when  a 
young  animal  is  fed  upon  madder,  diu-ing  the  period  of  the  forma- 
tion of  the  tooth ;  but  even  in  an  adult,  some  tinge  will  result  from  a 
prolonged  iise  of  this  substance ;  and  it  has  been  noticed  that  the  teetli 
of  persons,  who  have  long  suffered  from  Jaundice,  sometimes  acquire  a 
tinge  of  bile. — The  pulp-cavity  is  sometimes  the  seat  of  a  secoudwy 
development  of  dentinal  substance,  by  which  its  cavity  is  gi'eatly  con- 
tracted, or  even  obliterated.    This  is  seen  especially  in  the  teeth  of  old 
persons,  or  in  those  which  have  been  much  worn ;  and  also  in  those  that 
are  the  subjects  of  caries,  a  layer  of  '  secondary  dentine '  being  formed 
between  the  soft  pulp,  and  the  spot  towards  which  the  disease  is  advanc- 
ing.   This  '  secondary'  dentine  is  not  so  regi;]ar  in  its  structure  as  the 
'  primary,'  and  more  resembles  that  of  the  lower  animals;  for  it  is  usually 
traversed  by  '  vascular  canals '  proceeding  from  the  pulp-cavity,  and  the 
tubuli  radiate  from  these,  instead  of  from  "one  common  centre.  More- 
over, the  presence  of  stellate  lacunte,  resembling  those  of  bone,  is  mncli 
more  common  in  this  substance  than  in  true  dentine ;  so  that,  both  in  the 
presence  of  the  vascular  canals  which  represent  the  Haversian,  and  also 
in  its  own  texture,  this  substance  may  be  considered  as  intermediate 
between  Dentine  and  Bone. 
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276.  The  Enamel  (Fig.  57)  is  comj^osed  of  solid  jDrisms  or  fibres 
(Fig-.  58,  b),  from  about  l-5G00th  to  l-3300th  of  an  iuch  in  diameter 
arranged  side  by  side,  and  closely  adherent  to  each  other;  their  direction 
is  for  the  most  pai't  vertical  to 


Fig.  57. 


tliat  of  the  dentinal  surface  on 
which  they  rest,  so  that  their 
length  coiTesponds  with  the 
hickness  of  the  layer  which 
!iey  form;  and  the  two  sur- 
laces  of  this  layer  present  the 
ends  of  the  prisms,  which  are 
usually  more  or  less  regularly 
loxagonal  (Fig.  58,  a).  The 
ourse  of  these  prisms  is  gene- 
ally  wavy  (Fig.  57),  but  their 
•urves  are  for  the  most  part 
arallel  to  each  other ;  not  un- 
Vequently,  however,  the  curves 
parate  from  each  other,  or 
veu  decussate,  the  intervening  spaces  being  then  filled-in  with  shorter 
ibres.    The  enamel-prisms  are  usually  mai-ked  by  transverse  strite  (Figs. 
'7,  58  b),  the  distance  of  which  is  about  equal  to  the  diameter  of  the 
ibre;  these  appear  to  be  indi- 

FiG.  58. 

A 


/ 


Vertical  section  of  the  Enamel  of  the  Human  Molar 
Tooth. 


B 


Transverse  section  of  Enatnel,  showing  the  hexagonal 
form  of  its  prisms;  b,  separated  prisms. 


ations  of  the  partitions  between 
le  longitudinally-joined  cells, 
.'  whose  coalescence  each  ena- 
lel-prism  is  originally  formed 
:j  280).  In  the  perfect  state, 
le  Enamel  contains  but  an 
\tremely  minute  quantity  of 
aimal  matter;  but  if  a  young 
joth  be  examined,  it  is  found 
lat,  after  the  calcareous  mat- 
r  of  the  tooth  has  been  dis- 
ilved  away  by  an  acid,  there  re- 
ains  a  set  of  distinct  prismatic 
'lis,  which  formed  (as  it  were) 
c  moulds  in  which  the  mineral  substance  was  deposited.'''  The  Ena- 
ol,  when  once  formed,  appears  to  undergo  scarcely  any  further  change, 
id  it  possesses  no  power  of  self-regeneration  after  loss  of  substance  by 
jury  or  disease. 

277.  The  Cementum  or  Crusta  Petrosa  corresponds  in  all  essential  joar- 
nilars  with  Bone,  possessing  its  chai-acteristic  lacunaj,  and  being  also 
iverscd  by  vascular  medullary  canals,  which  pass  into  it  from  its 
ternal  surface,  wherever  it  occurs  in  sufficient  thickness  (as  in  the 
tenor  of  the  tooth  of  the  extinct  Megatherium,  and  in  the  thick 
ites  interposed  within  the  islets  of  Enamel  in  the  teeth  of  Ruminants, 
>dent8,  (fee.) ;  in  Man,  however,  in  whose  teeth  the  Cementum  is  very 

'  riuf  Author  has  discovorcd  a  stnictnro  precisely  resembling  tliis,  in  the  shells  of  niiiiiy 
'llusca.    bee  "  Reports  of  the  British  Association"  for  l)j44  and  1!J47. 
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thin,  such  vascular  canals  do  not  usually  exist,  though  Mr.  Tomes  states 
(Op.  cit.,  p.  57)  that  he  has  occasionally  met  with  them.  The  Cementum 
was  formerly  supposed  to  be  restricted  to  the  compound  teeth  of  Herbi- 
vorous animals ;  and  its  presence  in  the  simple  teeth  of  Man  and  the  Car- 
nivora  can  be  shown  only  by  the  application  of  the  Microscope.  In  the 
latter  it  forms  a  layer,  which  invests  the  fang,  and  which  decreases  in 
thickness  as  it  approaches  the  crown  of  the  tooth  (Fig.  53,  h,  g) ;  at  the 
time  of  the  first  emersion  of  the  tooth,  it  covers  the  crown  also  with  a 
very  thin  lamina,  which  is  speedily  worn  away  by  use;  on  the  other 
hand,  its  thickness  around  the  apex  of  the  fang  often  undergoes  a 
sul)sequeut  increase,  esj)ecially  when  chronic  ii^flammation  and  thickening 
take  place  in  the  membranous  contents  of  the  socket  {d). 

278.  The  following  are  the  results  of  the  most  recent  Chemical  analyses 
of  the  component  structures  of  Human  Teeth : — * 


Organic  matter 
Earthy  matter 


Incisors  of  A  dult  Man. 

Dentine. 
.  2870 
71-30 


100-00 


Enamel. 
3-59 
96-41 

100-00 


Cementum. 
29-27 
70-73 


10000 


The  proportion  of  these  two  components  varies  considerably  in  different  species ;  thus  the 
organic  basis  of  the  Elephant's  tusk  forms  as  much  as  43  per  cent,  of  the  whole.  It  would 
seem  even  to  vary  considcr.ably  in  different  individuals  of  the  same  species;  thus  in  the  molar 
teeth  of  one  man,  Von  Bibra  found  the  orgauic  matter  to  constitute  as  little  as  21  per  cent, 
whilst  in  another  it  was  28. — The  following  analyses  afford  a  more  particular  view  of  the 
components  of  each  substance  : — 

•  Molars  of  Adult  Man. 


Carbonate  of  Lime  . 
Phosphate  of  Magnesia 
Other  Salts  . 
Chondrin  (?)  . 
Fat  . 


Phosphate  of  Lime,  with 

fluate  of  lime  . 
Carbonate  of  Lime  . 
Phosph.ate  of  Magnesia  . 
Salts 

Chondrin  (?) 
Fat 


trace  of  ^ 

•  s 


Dentine. 

Enamel. 

of  lime 

66-72 

89-82 

3-36 

4-37 

1-08 

1-34 

0-83 

0-88 

27-61 

3-39 

0-40 

0-20 

100-00 

100-00 

Ox. 

Dentine. 

Enamel. 

Cementum. 

59-57 

81-86 

58-73 

7-00 

9-33 

7-22 

0-99 

1-20 

0-99 

0-91 

0-93 

0-82 

30-71 

6-66 

31-31 

0-82 

0-02 

0-93 

100-00        100-00  100-00 

279.  The  Dentine  and  its  modifications,  the  Enamel,  and  the  Cementum, 
originate  in  three  distinct  structures;  which  may  be  termed  respectively, 
the  dentinal-pulp,  the  enamel-pidp,  and  the  capsular  or  cemental-pulp ; 
the  whole  forming  the  '  matrix  '  from  which  the  entii-e  tooth  is  evolved. 
— The  Dentinal  pulp  is  always  the  first-developed  part  of  the  matrix;  aud 
it  makes  its  appearance  in  the  form  of  a  papilla,  budding-out  from  the 

*  See  Von  Bibra's  "  Chemische  Untersuchungen  liber  die  Knochen  und  Zahne." 
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Fig.  59. 


iVcc  surface  of  a  fold  or  groove  of  the  mucous  membrane  of  the  mouth. 
The  substance  of  tliis  papilla  at  Jirst  consists,  according  to  Mr.  Tomes,"' 
of  a  very  delicate  areolar  tissue  composed  of  delicate  fibres  and  bands, 
whose  meshes  are  occupied  with  a  thick  clear 
homogeneous  fluid  or  plasma,  scattered 
throuo'h  which  are  a  number  of  nucleated 
cells ;  the  whole  being  enclosed  in  a  dense, 
structureless,  pellucid  membi'ane.  The  pa- 
}>illa  is  copiously  supplied  with  blood- ves- 
sels, which  originate  in  a  trunk  that  enters 

ts  base  (Fig.  59),  and  then  ramify  and 
spread  through  its  whole  substance,  at  last 
forming  a  capillary  network  which  termi- 
nates in  loops  near  its  apex.  These  vessels 
are  accompanied  by  nerves,  which  also  have 
looped  terminations. — The  changes  in  which 
the  conversion  of  the  papilla  into  the  tooth- 
substance  consists,  commence  near  the  coro- 
nal surface ;  where  the  cells  of  the  pulp, 
lying  beneath  its  investing  membrane,  are 
found  to  have  undergone  enlargement,  and 
to  be  thickly  scattered  at  pretty  regular 

utervals  through  a  sub-gTanulai'  uniting 

uedium,  the  intermediate  areolar  tissue 

laving  now  disappeared  (Fig.  60,  a);  the 

-•avities  of  the  cells  are  occupied  by  granu- 

ar  matter.    The  blood-vessels  now  begin 

0  retreat  from  the  coronal  surface  of  the 

tap  ilia,  so  that  few  are  seen  in  the  part 

vhich  exhibits  this  second  stage  of  developrnetlt. — At  a  later  j^eriod, 

he  cells  of  the  pulp  exhibit  a  regular  linear  arrangement  (b),  their 

xtremities  coming  into  close  approximation  with  each  other;  and  the 


Vessels  of  Dental  Papilla. 


ill 


Fig.  60. 

B 


'v'/         \\w-:y  Hh^^J    ir-y  I  ft,. 


Sections  of  the  Dentinal  Pulp  in  successive  stages  of  its  development. 

termcdiate  connecting  substance  acquires  a  much  firmer  character, 
ach  cell,  after  falling  into  line,  undergoes  transverse  fission,  and  each 

*  "  Lectures  on  Dental  Physiology  and  Surgery,"  p.  R4. 
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division  elongates;  so  that  in  this  manner  thcii*  extremities  ai'e  brought 
into  close  apposition.  Whilst  this  is  taking  place,  their  cavities  also 
increase  in  length,  and  extend  to  the  extremities  of  the  cells;  and  at 
last  the  intervening  septa  disappear,  so  that  the  cell-cavities  become 
continuous,  and  constitute  tubes  (c).  At  the  same  time,  the  calcifying 
process  is  taking  place  in  the  intercellular  substance,  and  in  the  thick 
walls  of  the  cells ;  and  thus  the  dentine  with  its  tubuli  are  generated.  { 
This  process  progressively  extends  itself  from  the  surface  of  the  pulp,  [ 
towards  its  centre;  for  as  the  more  external  and  larger  cells  become  | 
hardened,  the  inner  ones  increase  in  size,  assume  the  linear  arrangement,  i 
and  in  their  turn  become  converted  into  dentine ;  until  at  last  the  gi-eat  I 
bulk  of  the  pidp  is  transformed,  lea^^ng  only  a  comparatively  small  por- 
tion, which,  with  the  nerves  and  blood-vessels,  occupies  the  central  ca\'ity 
of  the  tooth.  In  this  progressive  development,  it  often  happens  that  two 
of  tho  more  external  cells  unite  with  one  of  the  cells  next  to  them  on  the 
internal  side  (Fig.  60,  c),  their  two  canals  also  uniting  to  form  one;  and 
by  the  frequent  repetition  of  this  process  of  \inion  it  happens,  that  the 
number  of  dentinal  tubes  gradually  dimiiaishes  as  we  pass  from  the 
pei'ipheiy  towards  the  centre. — The  'nodular  layer'  (Fig.  56)  which  com- 
monly exists  near  the  sitrface  of  the  tooth-fang,  and  the  similar  structure 
which  occasionally  (though  abnormally)  presents  itself  elsewhere,  ai'e  con- 
sidered by  Mr.  Tomes  to  depend  upon  the  partial  continuance  of  the 
original  areolar  structure  of  the  pulp,  whilst  it  is  undergoing  calcification; 
the  calcifying  process  having  either  commenced  at  an  unusually  early 
period,  when  as  yet  the  linear  arrangement  of  the  cells  for  the  develop- 
ment of  the  tubular  structure  has  not  yet  taken  place,  so  that  the  dentinal 
substance  thus  formed  has  a  very  imperfect  character;  or,  in  other  cases, 
the  space  originally  occupied  by  the  areolar  texture  not  having  been  filled 
up,  whilst  the  cells  were  undergoing  development  into  tubes,  so  that 
vacuities  are  left,  which  presei-ve  its  original  form.* 

280.  The  Enamel-pulp  is  not  formed  until  after  the  dental  papilla  has 
become  enclosed  in  a  capsule,  by  the  process  to  be  presently  described; 
and  it  is  derived  from  the  free  inner  surface  of  the  capsule,  of  which  its 
cells  may  bs  considered  as  the  epithelium.  Of  this  pulp,  however,  which 
fills  the  whole  space  between  the  surface  of  the  papilla  and  the  lining  of 
the  follicle,  only  that  portion  which  is  immediately  adjacent  to  the  former 
is  the  actual  matrix  of  the  enamel ;  the  remainder  serves  but  a  temporaiy 
piu-pose,  and  afterwards  disappears.  In  its  earliest  condition,  the  enamel- 
pulp,  according  to  Mr.  Tomes,  bears  a  strong  resemblance  to  the  firet 
stage  of  the  dentinal;  for  it  consists  of  a  mesh  work  of  very  fine  fibres 
(which  seem  to  be  composed  of  the  yellow  element),  whose  interspaces 
are  occupied  by  a  thick  transparent  fluid,  floating  in  which  ai-e  some 
peculiar  nucleated  cells;  the  fluid,  however,  is  more  abundant,  and  the 
cells  are  fewer,  than  in  the  dentinal  pulp.  In  the  stratum  of  the  pulp 
nearest  to  the  surfixce  of  the  dentinal  papilla,  the  cells  multiply,  and  are 
developed  into  the  form  of  a  prismatic  epithelium  (Fig.  61,  j);  but  above 

*  In  the  above  sketch  of  the  history  of  the  development  of  the  Dentinal  pulp,  the  account 
given  by  Mr.  Tornes  has  been  followed,  as  that  which  the  Author's  own  observations  lead 
him  to  prefer  to  the  account  given  in  former  editions  on  the  authority  of  Prof.  Owen. — See 
also  the  "  Beitriigc  sur  mikroskopischen  Anatomic  der  menschlichcn  Zahne,"  of  Dr.  J- 
Czermak. 
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Fig.  fil. 


lliis,  (he  cells  assume  the  stellate  form,  and  their  radiating  prolongations 
coalesce,  so  that  a  very  curious  tissue  is  formed  which,  though  not  luicommon 
in  Plauts  (as,  for  instauce,  in  the  Rush)  is 
very  unusual  iu  animals.*  In  the  early  stage 
of  its  development,  the  enamel-pulp  is  tra- 
versed throughout  by  blood-vessels,  which  are 
prolonged  into  it  from  the  inner  lining  of 
the  capsule ;  but  these  gradually  retreat,  and 
when  the  calcification  of  the  enamel-matrix 
is  going  on,  they  have  entirely  witlnlrawn 
themselves  from  the  pulp,  the  membranous 
lining  of  the  capsule,  however,  being  itself 
highly  vascidar  and  somewhat  villous.  One 
[)urpose  of  the  stellate  tissue  would  seem 
to  be,  to  afford  a  space  for  the  columnar 
tissue  and  the  dentinal  pulp  to  extend  them- 
selves into  without  resistance,  and  to  serve 
as  a  protection  to  these  structures  during 
their  growth ;  but  it  may  also  select  from 
the  nutrient  materials  supplied  by  the  blood, 
those  which  the  cells  of  the  enamel-matrix 
require,  and  may  prepare  it  for  being  finally 
appropriated  by  them.  These  cells  gradu- 
ally fill  themselves  with  calcai'eous  salts, 
which  woidd  seem  to  be  deposited  in  them 
in  a  purely  crystalline  condition,  and  not 
to  be  conjoined  (as  in  Bone  and  Dentine) 
with  organic  matter ;  for  the  small  jDropor- 
tion  of  the  latter,  which  chemical  analysis 
shows  to  exist  in  Enamel  (§  278),  is  pro- 
l)ably  employed  wholly  in  forming  the  walls 
of  the  prismatic  cells,  which  themselves 
l)ecome  penetrated  by  the  consolidating 
substance.  That  so  large  a  proportion  of 
the  calcifying  material  of  Enamel  consists 
of  the  2^1i'OS2-)hate  of  lime,  is  evidently  the 
cause  of  its  extraordinaiy  hardness  (§  7G). 
'Hie  calcification  begins  on  the  sm^face  of 
the  dentinal  papilla,  which  is  excavated 

ntO  SnalloW  cups  that  receive  the  ends  of    more  fuUy  developed  and  become  angular; 

Lhe  enamol-pnlnmrm  •   nnd  these  rolnmnar  same  becoming  prismatic;  k,  the. 

I'uc  eilcimei  columns  ,   anu  tnCSO  OOlUiniUU    nucleus  disappearing ;/,  the  modified  pris- 

'-^cUs  are  at  first  so  short,  as  to  constitute    matlc  cells,  filled  wltU  calcareous  salts, 
„  J.T,-      1  A  1  -ii     X-        forming  the  fibres  of  enamel. 

)ut  a  very  thm  layer.    As  calcmcatioii 

akes  place  at  their  bases,  however,  their  apices  lengthen  j  and  this  either 


Formation  of  jB72r<me/: — h,  primary  cells 
suspended  in  fluid  blastema  g ;  i,  the  same 


*  This  curious  tissue  was  first  described  by  Messrs.  Todd  and  Bowman,  in  their"  Pliy- 
iiological  Anatomy,"  vol.  ii.  p.  176  ;  these  authors,  however,  do  not  speak  of  it  as  composed 
>f  stellate  cells,  but  describe  it  as  consisting  of  a  mesh  of  short  fibres,  meeting  in  numberless 
)oints,  at  each  of  which  a  transparent  clear  nucleus  is  visible.  'J'he  Author  agrees  with 
VIr.  Tomus  in  the  interpretation  he  has  given  to  it ;  more  especially  since,  as  Mr.  Tomes 
emarks,  the  large  floating  colls  of  parts  of  the  pulp  in  which  this  tissue  docs  not  yet  exist 
•resent  indications  of  an  approach  towards  the  stellate  form. 
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by  the  formation,  addition,  and  coalescence,  of  new  cells  funiished  by 
the  enamel-pulp,  or  else  by  the  subdivision  of  the  prismatic  cells  at 
their  extremities  (just  as  the  increase  in  length  of  a  Conferva  is  usually 
accomplished  by  the  repeated  fission  of  the  terminal  cell),  and  the  elon- 
gation of  the  new  cells  thus  formed,  the  process  being  continually  re- 
peated. In  either  case,  it  seems  that  the  entire  length  of  each  enamel- 
prism  is  made  up  by  the  union  of  a  linear  series  of  cells  which  were 
once  distinct,  their  cavities  having  become  continuous ;  and  it  is  to  this 
cause,  that  we  are  probably  to  attribute  the  transverse  stria?  with  which 
they  are  marked  (§  276)* 

281.  The  Cemental  pulp  seems  to  be  a  substance  very  closely  resem- 
bling that  which  intervenes,  in  the  growing  bone,  between  its  surface  and 
the  investing  periosteum.  It  is  composed  of  nucleated  cells,  scattered 
through  a  granular  base,  lying  in  the  ai'eolse  of  a  fibrous  tissue ;  and  this 
tissue  is  continuous  externally  with  that  of  the  dental  sac.  According  to 
Prof.  Owen  and  Mr.  Tomes,  the  process  of  calcification,  which  begins  in 

the  part  nearest  the  dentine,  consists  in  the 
absorption  of  calcareous  matter  into  the 
cavities  of  the  cells,  in  the  more  close  aggi-e- 
gation  of  the  cells  with  each  other,  and  in 
the  changes  which  take  place  coincidently 
in  their  nuclei.  These,  which  ai-e  at  fiist 
large  graindar  spots  of  a  rounded  form, 
send  out  radiating  prolongations,  which  ex- 
tend quite  to  the  borders  of  the  cell;  and 
as  the  calcareous  salts  which  penetrate  the 
cell,  are  not  deposited  in  the  space  occupied 
by  the  nuclei,  the  stellate  cavities,  or  lacunie 
and  diverging  canaliculi,  are  left,  which  are 
so  analogous  to  those  of  bone,  as  to  serve 
to  identify  the  two  tissues.  In  the  Cemeu- 
tiim,  as  in  Bone  and  Dentine,  the  consoli- 
dating substance  appears  to  consist  of 
mineral  and  organic  matter  in  a  state  of 
chemical  union.    The  boundaries  of  the 

Formation  of  the  Cewere/Km  :—m,  pri-    ™™;„„1  rlkinnpor  •    «n  nnthinff 

mary  cells;  7>,  their  granular  nuclei;  7i,    Ollgmai  CCUS   QlSappcai  ,    SO    tuat  UOUnug 

more  minutely  grimuiar  blastema ;  o,  the  remains  in  the  fuUy-formcd  ccmcntum,  to 

primary  cell  enlarged,  and  receiving  the  ■,     .  it    ^  •   •  ,i        j.  n  i.„ 

hardening  salts;   n',  calcified  blastema;    mark   itS   Cellulai"   Origm,  SaVC  the  Stcllate 

p,  p'  stellate  nuclei  of  fully-formed  ce-  lacuutc  which  represent  the  positions  of  the 

mental  cells.  ,    ,    ^  a      i  ■    i  c 

lormerly-existmg  nuclei.  1  he  thm  layer  oi 
cement\im,  which  is  affirmed  by  Mr.  Nasmyth  to  cover  the  crown  of  the 
newly-formed  tooth,  woidd  seem  to  be  formed  by  the  calcification  of  the 
tooth-capsule  itself  t 


*  A  precisely  similar  set  of  appearances  has  been  described  by  the  Author  in  the  prismatic 
cellular  structure  forming  the  shells  of  certain  Mollusks,  and  has  been  shown  by  him  to  be 
probably  due  to  the  same  cause, — the  coalescence  of  flattened  epithelial  cells  in  vertical  piles. 
(See  the  "  Reports  of  the  British  Association,"  1844,  1847. 

-|-  For  an  account  of  Prof.  Owen's  researches  on  the  comparative  structure  and  development 
of  the  Teeth  in  the  lower  Vertebrata,  see  his  "  Odontography,"  and  his  Art.  Tccih  in  the 
'  Cyclop,  of  Anat.  and  Physiol. ,"  also  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  §§  212-219, 
322  f,g,  324  o,p,  and  326  0,/), ;/. 
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282.  Having  thus  considered  the  mode  of  development  of  the  several 
components  of  the  Human  Teeth,  we  ai'e  prej)ared  to  inquire  into  the 
history  of  evolution  of  each  tooth  as  a  whole,  and  into  the  successional 
relations  of  the  different  teeth  to  each  other.  This  topic  has  been  espe- 
cially elucidated  by  Prof  Goodsir,*  whose  account  will  be  here  followed. 
— At  the  6th  week  of  Foetal  life,  a  deep  narrow  groove  may  be  perceived, 
in  the  upper  jaw  of  the  Human  embryo,  between  the  lip  and  the  rudi- 
mentary palate ;  this  is  speedily  divided  into  two  by  a  ridge,  whicli  after- 
wards becomes  the  external  alveolar  process ;  and  it  is  in  the  inner  groove, 
that  the  germs  of  the  teeth  subsequently  appear.  Hence  this  may  be 
.ermed  the  j-jrimi^iw  dental  groove  (Fig.  63).  At  about  the  7th  week,  an 
ovoidiil  papilla,  consisting  of  a  granular 
substance,  makes  its  appearance  on  the 
iioor  of  the  groove,  near  its  posterior  ter- 
mination; this  papilla  is  the  germ  of  the 
anterior  superior  '  milk '  Molar  tootli. 
About  tlie  8th  week,  a  similar  papilla, 
which  is  the  germ  of  the  Canine  tooth, 
arises  in  front  of  this;  and  during  the  9th 
week,  the  germs  of  the  Incisors  make  their     ^^^^^^  ^^^/^^  EmbryVat  sixth 

apjDearance  under  the  same  form.      During    week;  showing  b,  the  Primitive  Uental 

the  10th  week,  processes  from  the  sides  of  ''ehind  «.  the  Lip. 

the  dental  gToove,  particularly  the  external  one,  approach  each  other, 
and  finally  meet  before  and  behind  the  papilla  of  the  anterior  Molar; 
so  as  to  inclose  it  in  a  follicle,  through  the  mouth  of  which  it  may 
be  seen.    By  a  similar  process,  the  other  teeth  are  gradually  inclosed  in 
jorresponding  follicles.    The  germ  of  the  posterior  '  milk '  Molar  also 
ippears  during  the  10th  week,  as  a  small  papilla.    By  the  13th  week,  the 
ollicle  of  the  posterior  Molar  is  comj)leted ;  and  the  several  papillce 
mdergo  a  gradual  change  of  form.    Instead  t)f-  remaining,  as  hitherto, 
umple,  rounded,  blunt  masses  of  granular  matter,  each  of  them  assumes 
I  particular  shape ;  the  Incisors  acquire  in  some  degree  the  flattened  form 
if  the  future  teeth;  the  Canines  become  simple  cones;  and  the  Molars 
•ccome  cones  flattened  transversely,  somewhat  similar  to  carnivorous 
aolai's.    During  this  period,  the  papillae  grow  faster  than  the  follicles;  so 
hat  the  former  protrude  from  the  mouth  of  the  latter.    At  this  time,  the 
aouths  of  the  follicles  undergo  a  change,  consisting  in  the  development 
'f  their  edges,  so  as  to  form  ojoercula ;  which  correspond  in  some  measure 
v  ith  the  shape  of  the  crowns  of  the  future  teeth.    There  are  two  of  these 
percula  in  the  Incisive  follicles,  three  for  the  Canines,  and  four  or  five 
jr  the  Molars.    At  the  14th  week,  the  inner  lip  of  the  dental  groove  has 
icreased  so  much,  as  to  meet  and  apply  itself  in  a  valvular  manner  to 
le  outer  lip  or  ridge,  which  has  been  also  increasing.    The  follicles  at 
lis  time  grow  faster  than  the  papilla),  so  that  the  latter  recede  into  the 
•rmer.    The  primitive  dental  groove  then  contains  ten  papilla3,  inclosed 
t  as  many  follicles;  and  thus  all  necessary  provision  is  made  for  the 
'oduction  of  the  first  set  of  teeth.    (This  series  of  changes  is  represented 
Fig.  64,  a — (J?)  The  groove  is  now  situated,  however,  on  a  higher  level 
lan  at  first;  and  it  has  undergone  such  a  change  by  the  closure  of  its 


•  "  Edinburgh  Medical  and  Surgical  Journal,"  vol.  li. 
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edges,  as  to  entitle  it  to  the  distinctive  appellation  of  secondary  dental 
groove.  It  is  in  this  secondary  groove  that  those  structures  originate 
which  are  destined  for  the  development  of  the  second  or  '  permanent '  set 
of  Teeth, — of  those  at  least  which  replace  the  'milk'  Teeth.  This  is 
accomplished  in  the  following  manner. 

283.  At  about  the  14th  or  15th  week,  a  little  crescentic  depression  may 
be  observed,  immediately  behind  the. inner  operciila  of  each  of  the  'milk' 
tooth-follicles.  This  depression  gradually  becomes  deeper,  and  constitutes 
what  may  be  termed  a  cavity  of  reserve;  adapted  to  furnish  delicate 
mucous  membrane,  for  the  future  formation  of  the  sacs  and  pulps  of  the 
ten  anterior  'permanent'  teeth.  These  'cavities  of  reserve'  are  gradually 
separated  from  the  'secondary  dental  gi'oovc,'  by  the  adhesion  of  their 
edges ;  and  they  thus  become  minute  compressed  sacs,  situated  bctweeu 


Fig.  64. 


Diagrams  illustrative  of  the  formation  of  a  Temporary,  and  its  corresponding  Permanent  Toulh, 

from  a  Mucous  Blembrane. 


the  sm-face  of  the  gum  and  the  milk-sacs.  They  gradually  recede,  how- 
ever, from  the  surface  of  the  gum,  so  as  to  be  posterior  instead  of  interior 
to  the  millt-sacs ;  and  at  last  they  imbed  themselves  in  the  submucous 
cellular  tissue,  which  has  all  along  constituted  the  external  layer  of  the 
milk-sac.  The  implantation  of  the  '  permanent '  tooth-sacs  in  the  walls 
of  the  temporary  follicles,  gives  to  the  former  the  appearance  of  being 
produced  by  a  gemmiparous  process  from  the  latter. — This  series  of 
changes  is  represented  in  Fig.  64,  g — n. 

284.  We  now  turn  to  the  'milk'  teeth,  the  papillae  of  which,  from  tlie 
time  that  their  follicles  close,  become  gradually  moulded  into  their  pecu- 
liarly Human  shape.  The  Molar  pulps  begin  to  be  perforated  by  thi-ee 
canals,  which,  proceeding  from  the  surface  towai'ds  the  centre,  gradually 
divide  their  primary  bases  into  three  secondary  bases ;  and  these  become 
developed  into  the  fangs  of  the  future  teeth.  Whilst  this  is  going  on,  the 
sacs  grow  more  rapidly  than  the  paijillee,  so  that  there  is  an  iuterveuing 


DEVELOPMENT  OP  THE  TEETH. 


281 


space,  which  is  filled  with  a  gelatinous  granular  substance — the  enamel- 
[)ulp  j  this  closely  applies  itself  to  the  surface  of  the  papilla,  but  does  not 
adhere  to  it.  At  this  period,  the  tubercles  and  apices  of  the  papillae  or 
pulps  become  converted  into  dentine  or  tooth-substance,  in  the  manner 
I Iready  stated  (§  279);  and  the  granular  matter  is  absorbed  as  fast  as 
tliis  iippeai-s;  so  that,  when  the  process  of  conversion  has  reached  the  base 

f  the  pidp,  the  interior  of  the  dental  sac  is  left  in  the  villous  and 
\  ascidar  condition  of  a  true  Mucous  membrane,  having  upon  it  a  very 
thin  layer  of  the  prismatic  epithelium  which  constitutes  the  true  enamel- 
matrix  (§  280).    The  opercula,  which  close  the  mouth  of  the  dental  sac, 

atain  a  much  greater  development  in  the  Molar  teeth  of  Herbivorous 
animals;  where  they  dip  down  into  the  midst  of  the  dentinal  pulp,  and 
uive  origin  to  insulated  spots  both  of  enamel  and  cementum.  It  has  been 
remarked  by  Mr.  Lintott,  that  the  lines  along -which  the  opercula  meet, 
on  the  crown  of  the  Human  molar  teeth, — that  is  to  say,  the  groove 
which  separates  their  tubercles, —  is  by  far  the  most  frequent  seat  of 
incipient  decay;  probably  from  its  tissue  having  been  at  the  first  less 
perfectly  formed  than  that  of  the  remainder. 

285.  Whilst  these  changes  are  going  on,  other  important  preparations 
are  being  made  for  the  '  permanent '  set.    The  general  adhesion  of  the  ■ 
edges  of  the  '  primitive  dental  groove '  (§  282),  does  not  invade  the  por- 
tion, which  is  situated  behind  the  posterior  '  milk '  follicle ;  this  retains  its 
original  appearance  for  a  fortnight  or  three  weeks  longer,  and  affords  a 


Fig.  65. 


Diagrams  illustrative  of  the  formation  of  the  three  Permanent  Molar  Teeth,  from  the  non- 
adherent portion  of  the  Dental  Groove. 

lidus  for  the  development  of  the  papilla  and  follicle  of  the  anterior  '  per- 
il anent'  Molar  tooth,  which  is  developed  in  all  respects  on  the  same  plan 
vith  the  '  milk '  teeth.  After  its  follicle  has  closed,  the  edges  of  the 
icntal  groove  meet  over  its  mouth ;  but  as  the  walls  of  the  gi'oove  do  not 
idhere,  a  considerable  cavity  is  left  between  the  sac  of  the  tooth  and  the 
'ufacc  of  the  gum.  The  cavity  is  a  '  reserve '  of  delicate  mucous  niom- 
trane,  to  jifford  materials  for  the  formation  of  the  second  '  permanent ' 
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Molar,  and  of  the  third  'permanent'  Molar,  or  'wisdom-tooth.'  (The 
process  just  described  is  represented  in  Fig.  65,  a — c.)  It  will  be  con- 
venient here  to  continue  the  account  of  the  development  of  these  teeth, 
although  it  takes  place  at  a  much  later  period.  Towards  the  end  of  foetal 
life,  the  increase  of  the  bulk  of  the  '  milk '  tooth-sacs  takes  place  so  much 
more  rapidly  than  the  growth  of  the  jaw,  that  the  sac  of  the  anterior 
'  permanent '  Molar  is  forced  backwards  and  upwards,  into  the  maxillaiy 
tuberosity;  and  thus  it  not  only  draws  the  sm-face  of  the  gum  in  the 
same  direction,  but  lengthens-out  the  great '  cavity  of  reserve'  (Fig.  G5,  d). 
During  the  few  months  which  succeed  birth,  however,  the  jaw  is  gi-eatly 
lengthened;  and  when  the  infant  is  eight  or  nine  months  old,  the  anterior 
'  permanent '  Molai"  resumes  its  former  position  in  the  posterior  part  of 
the  dental  arch ;  and  the  great  '  cavity  of  reserve '  retiu'ns  to  its  origiiial 
size  and  situation  (e).  This  cavity,  however,  soon  begins  to  bulge  out  at 
its  posterior  side,  and  projects  itself,  as  a  sac,  into  the  maxillary  tuberosity 
(/);  a  papilla  or  pulp  appeal's  in  its  fundus;  and  a  process  of  contrac- 
tion separates  this  portion  of  it  from  the  remainder.  Thus  the  forma- 
tion of  the  second  '  permanent '  Molai*  from  the  first,  takes  place  on  pre- 
cisely the  same  plan  with  the  formation  of  the  '  permanent '  Bicuspids 
from  the  temporary  Molars.  The  new  sac  at  first  occupies  the  maxillaiy 
tuberosity  {g)  ;  but  the  lengthening  of  the  jaw  gradually  allows  it  to  M 
downwards  and  forwards,  into  the  same  line,  and  on  a  level  with  the  rest 
(Ji).  Before  it  leaves  the  tuberosity  altogether,  the  posterior  extremity  of 
the  remainder  of  the  '  cavity  of  reserve '  sends  backwards  and  upwards  its 
last  offset — the  sac  and  pulp  of  the  '  wisdom-tooth '  (i) ;  this  speedily 
occupies  the  tuberosity,  after  the  second  molar  has  left  it  {j ) ;  and  ulti- 
mately, when  the  jaw  lengthens  for  the  last  time,  at  the  age  of  nineteen 
or  twenty,  it  takes  its  place  at  the  posterior  extremity  of  the  range  of  the 
adult  teeth  Qc).  Thus,  the  '  wisdom-teeth'  are  the  second  products  of  the 
posterior  or  gi-eat  '  cavities  of  reserve ;'  and  the  final  effects  of  development 
in  the  '  secondary  dental  groove.' 

286.  We  have  thus  sketched  the  history  of  the  Development  of  the 
Teeth,  up  to  the  time  when  they  prepare  to  make  then-  way  thi'ough  the 
gum.  The  first  stage  of  this  development  may  be  termed  the  23a2jiUar>/; 
and  the  second  the  follicular.  The  latter  terminates,  when  the  papill® 
ai-e  completely  hidden  by  the  closm-e  of  the  mouths  of  the  follicles,  and  of 
the  groove  itself.  The  succeeding  stage,  which  has  long  been  known  as 
the  saccular,  is  the  one  during  which  the  whole  formation  of  the  Dentine, 
and  of  the  Enamel,  takes  place.  It  is  during  this  period,  also,  that  the 
ossification  of  the  jaw  is  being  effected ;  and  that  the  bony  sockets  are 
formed  for  the  teeth,  by  the  consolidation  of  the  anterior  and  posterior 
ridges  bounding  the  alveolar  groove  (in  which  the  dental  groove  was 
originally  imbedded),  and  of  the  interfollicular  septa,  which  are  produced 
by  the  meeting  of  transverse  projections  from  these  ridges. — We  have  now 
only  to  consider  the  fom'th  or  ertq^tive  stage;  that  in  which  the  Teeth 
make  their  way  through  the  gum.  This  process  chiefly  results  from  the 
lengthening  of  the  fang,  by  the  adchtion  of  new  dentinal  substance;  bo 
that  the  crown  of  the  tooth  is  made  to  press  against  the  closed  mouth 
of  the  sac  (Fig.  64,  m).  This  at  last  gives  way,  and  the  sac  then  assumes 
its  previous  condition  of  an  open  follicle.  When  the  edge  of  the  tooth 
has  once  made  its  way  through  the  gum,  it  advances  more  rapidly  tlian 
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in  well  be  accounted  for  by  the  usual  rate  of  lengthening  of  its  fang; 
aid  this  appears  to  be  due  to  the  separation  of  the  bottom  of  the  sac  from 
}  he  fundus  of  the  alveolus;  so  that  the  whole  tooth-apparatus  is  cai-ried 
-;u-er  to  the  surface,  leaving  a  space  at  the  bottom  of  the  alveolar  cavity, 
which  the  further  lengthening  of  the  root  can  take  place  (n).  The 
^iGu  portion  of  the  sac  remains  as  the  narrow  portion  of  the  gum,  which 
I  >i-ms  a  vascvdar  border  and  groove  round  the  neck  of  the  perfected  tooth 
).    The  deeper  portion  of  the  sac  adheres  to  the  fang  of  the  tooth ;  and 
is  here  that  the  cemental  pulp  is  found,  constituting  (as  it  wei-e)  its 
;uer  layer.     What  is  commonly  denominated  the  periosteum  of  the 
Tooth,  really  belongs  as  much  to  the  Alveolus.    It  is  connected  with  the 
utli  by  the  submucous  cellular  tissue,  which  originally  intervened 
letween  the  tooth-sac  and  the  walls  of  the  osseous  cavity.' — During  the 
leriod  that  the  'milk'  teeth  have  been  advancing,  along  with  their 
t  tckets,  to  their  perfect  state  and  ultimate  position,  the  '  permanent '  sacs 
lave  been  receding  in  an  opposite  direction,  and  have  with  their  bony 
j  rypts  been  enlai'ging;  and  at  last  they  occupy  a  position  almost  exactly 
)elow  the  former  (ii  and  o).    They  still  retain  a  communication  with  the 
um,  however;  the  channel  by  which  they  descended  not  having  com- 
letely  closed  up,  and  the  neck  of  the  sac  being  elongated  into  a  cord 
.  hich  passes  through  this.    The  channels  may  afterwards  serve  as  the 
Unera  dentium,  and  the  cords  an  gicbernacula ;  but  it  is  uncertain  whether 
iiey  really  aiford  any  assistance  in  directing  the  future  rise  of  the  tooth 
'  0  the  surface ;  the  successive  stages  of  which  are  represented  in  Fig.  64, 
' — t.    The  sacs  of  the  permanent  teeth  derive  their  first  vessels  from  the 
ims;  ultimately  they  receive  their  proper  dental  vessels  from  the  milk- 
ics;  and,  as  they  separate  from  the  latter  into  their  own  alveoli,  the 
owly-formed  vessels,  conjoining  into  common  trunks,  also  retire  into  per- 
lanent  dental  canals,  and  gradually  become  the  most  direct  channels  for 
le  blood  transmitted  through  the  jaw. — The  history  of  development  in 
le  Lower  Jaw  is  very  nearly  the  same;  the  chief  difference  being  in 
16- origin  and  situation  of  the  primitive  dental  groove. 
287.  The  following  interesting  generalizations  respecting  the  develop- 
lent  of  the  teeth,  result  from  Prof.  Goodsir's  researches. — 1.  The  '  milk  ' 
eth  are  formed  on  both  sides  of  either  jaw  in  three  divisions,  a  Molar, 
Canine,  and  an  Incisive;  in  each  of  which,  dentition  proceeds  in  an 
idependent  manner.    2.  The  dentition  of  the  whole  arch  proceeds  from 
ehind  forwards ;  the  Molar  division  commencing  before  the  Canine,  and 
le  Canine  before  the  Incisive.    3.  The  dentition  of  each  of  the  divisions 
foceeds  in  a  contrary  direction,  the  anterior  Molar  apj)earing  before  the 
"isterior,  the  central  Incisor  before  the  lateral.    4.  Two  of  the  subordi- 
ite  phenomena  of  nutrition  also  follow  this  inverse  law; — the  follicles 
losing  by  commencing  at  the  median  line  and  proceeding  backwards ;  and 
10  dental  groove  disappearing  in  the  same  direction.    5.  Dentition  com- 
lonces  in  the  upper  jaw,  and  continues  in  advance  dming  the  most  im- 
"rtant  period  of  its  progress.    The  development  of  the  superior  Incisors, 
'  'wevcr,  is  retarded  by  a  peculiar  cause ;  so  that  the  inferior  Incisors  have 
le  priority  in  the  time  of  their  completion  and  appearance.    6.  The 
rms  of  the  '  permanent '  teeth,  with  the  exception  of  that  of  the  anterior 
lolar,  appear  in  a  direction  from  the  median  line  backwards.    7.  TJ\e 
uilk '  teeth  originate,  or  arc  developed,  from  mucous  membrane.   8.  The 
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'  permanent '  teeth,  also  originating  fi'om  mucous  membrane,  are  of  inde- 
pendent origin,  and  have  no  connection  with  the  '  milk '  teeth.  9.  A 
Tooth-pulp  and  its  sac  must  be  refeiTed  to  the  same  class  of  organs,  as  the 
combined  papilla  and  follicle  from  which  a  Hair  or  Feather  is  developed 

288.  The  following  is  the  usual  order,  and  period  of  appearance,  of  the 
several  pairs  of  '  milk '  teeth.  The  foiu'  central  Incisoi's  first  present 
themselves,  usually  about  the  7th  month  after  birth,  but  frequently  much 
earlier  or  later:  those  of  the  lower  jaw  appear  first.  The  lateral  Incisors 
next  show  themselves,  those  of  the  lower  jaw  coming  through  before  those 
of  the  upper;  they  usually  make  their  appearance  between  the  7th  and 
1 0th  months.  After  a  short  interval,  the  anterior  Molai-s  present  them- 
selves, generally  soon  after  the  termination  of  the  12th  month;  and 
these  are  followed  by  the  Canines,  which  usually  protrude  themselves 
between  the  14th  and  20th  months.  The  posterior  Molai's  are  the  last, 
and  the  most  uncertain  in  regard  to  their  time  of  appearance ;  this  vary- 
ing from  the  18th  to  the  3Gth  month.  In  regard  to  all  except  the  front 
teeth,  there  is  no  settled  rule  as  to  the  priority  of  appearance  of  those  in 
the  upper  or  mider  jaw  ;  sometimes  one  precedes,  and  sometimes  the 
other;  but  in  general  it  may  be  stated,  that,  whenever  one  makes  its 
appearance,  the  other  cannot  be  far  off.  The  same  holds  good  in  regard 
to  the  two  sides,  in  which  development  does  not  always  proceed  exactly 
pari  passu. — The  period  of  Dentition  is  sometimes  one  of  considerable 
risk  to  the  Infant's  life ;  and  this  especially  when  an  irritable  state  of  the 
nervous  system  has  been  brought  about  by  unsuitable  food,  unwholesome 
air,  or  some  other  cause  of  disordered  health.  In  such  cases,  the  pressure 
upon  the  nerves  of  the  gum,  which  necessarily  precedes  the  opening  of  the 
sac  and  the  eruption  of  the  tooth,  is  a  fruitful  source  of  irritation;  pro- 
ducing disturbance  of  the  whole  sj'stem,  and  not  unfrequently  giving 
origin  to  fatal  Convulsive  affections.  These  last  have  been  particularly 
studied  by  Dr.  M.  Hall,  who  recommends  the  free  use  of  the  gum-lancet, 
as  a  most  important  means  of  prevention  and  cure ;  but  the  Author  has 
no  doubt  that  too  much  attention  has  been  given  to  the  immediate  soiu'ce 
of  the  irritation,  and  too  little  to  the  general  state  of  the  system;  and 
that  constitutional  treatment,  especially  change  of  air  and  improvement 
of  the  diet,  is  of  fundamental  importance.  In  infants  whose  general 
health  is  good,  and  who  are  not  over-fed.  Dentition  is  a  source  of  but  veiy 
trifling  general  disturbance ;  a  slight  febrile  action,  lasting  but  for  a  day 
or  two,  being  all  that  marks  the  passage  of  the  tooth  through  the  capsule; 
and  its  eruption  through  the  gimi  taking  place  without  the  least  indica- 
tion of  suffering  or  disorder.  Any  existing  malady  or  abnormal  tendency, 
however,  is  pretty  siu-e  to  be  aggravated  during  the  '  cutting  of  the  teeth;' 
and  it  is,  therefore,  of  the  greatest  consequence  that  the  infant  should  be 
withdrawn,  during  this  period,  from  all  injm-ious  influences;  and  that  uo 
ii'regularity  of  diet,  or  deficiency  of  fresh  air  and  exercise,  should  operate 
to  its  disadvantage. 

289.  After  the  lapse  of  a  few  years,  the  further  elongation  of  the  jaw 
permits  the  appearance  of  the  first  true  Molar ;  which,  as  ah-eady  re- 
marked, is  really  a  'milk'  tooth,  so  far  as  its  formation  is  concenied. 
This  commonly  presents  itself  about  the  middle  or  end  of  the  7th  year; 
sometimes  preceding,  and  sometimes  following,  the  exchange  of  the  ceuti^al 
Incisors,  which  takes  place  about  the  same  time.    When  the  '  permanent 
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jotli  have  so  much  ciilai'gcd,  that  they  can  no  longer  bo  contained  withm 
I  heir  own  alveoli,  they  press  upon  the  anterior  parietes  of  those  cavities, 
aud  cause  their  absorption;  so  that  each  tooth  is  allowed  to  come  for- 
Avaixls,  in  some  degree,  into  the  lower  part  of  the  socket  of  the  correspond- 
ing '  temporaiy '  tooth.  The  root  of  the  temporary  tooth  now  begins  to 
he  absorbed,  generally  at  the  part  nearest  its  successor ;  and  this  absorp- 

on  proceeds  as  the  new  tooth  advances,  until  the  root  of  the  'milk' 
iooth  is  completely  removed;  when  its  crown  falls  off,  leaving  room  for 

ho  i^ermanent  tooth  to  supply  its  place  (Fig.  G4,   — t).    This  absorption 

>  usually  regarded  as  due  to  the  pressure  of  the  permanent  tooth,  but  such 
Iocs  not  appear  to  be  the  case;  for  it  is  mentioned  by  Mr,  Bell,  that  it  is 
lot  an  uncommon  occm'rence  for  the  root  of  the  temporary  tooth  to  be 
A'holly  absorbed,  and  for  the  crown  to  fall  out  spontaneously,  long  before 
lie  succeeding  tooth  has  approached  the  vacant  space.  The  same  has 
leen  remarked  by  IMi-.  Bell,  of  the  cavity  in  the  jaw  which  is  formed  for 
he  reception  of  the  sac  of  the  'permanent'  tooth,  at  the  time  that  it  buds 
•ff  from  that  of  the  'milk'  tooth;  the  excavation  being  often  seen  to 
■ommence  before  the  new  sac  is  formed.  Hence,  although  the  two  pro- 
•esses,  growth  and  absorption,  are  usually  contemporaneous  in  each 
nstance,  they  are  by  no  means  dependent  on  each  other.  Still  it  would 
eem  that  the  existence,  if  not  the  pressure,  of  the  new  tooth  is  necessaiy 

0  determine  the  absorj^tion  of  the  old;  for  cases  are  not  unfrequent,  in 

>  hich  the  temporary  teeth  retain  their  situation  in  the  mouth,  with  con- 
iderable  firmness,  until  adult  age, — the  corresponding  permanent  ones 

't  having  been  formed. 

290.  In  the  successive  replacement  of  the  'milk  '  teeth  by  the  'perma- 
ent '  set,  a  very  regular  order  is  usually  followed.  The  middle  Incisors 
I'e  first  shed  and  renewed,  and  then  the  lateral  Incisors.  The  anterior 
milk '  Molars  next  follow ;  and  these  are  replaced  by  the  anterior  Bicus- 
id  teeth.  About  a  yeai-  afterwards,  the  posterior  '  milk '  Molars  are 
led,  and  are  replaced  in  like  manner  by  Bicuspid  teeth.  The  Canines 
le  the  last  of  the  'milk'  teeth  to  be  exchanged;  the  development  of  the 
cw  ones  not  taking  place  until  the  12th  year.  In  the  succeeding  year, 
le  second  pair  of  the  true  Molars  appears;  the  third  pair,  or  denies 
'pientice,  are  seldom  developed  until  three  or  four  years  subsequently, 
lid  often  much  later. — It  has  been  proposed  *  (and,  from  the  evidence 
Iduced  in  its  favour,  the  proposition  would  seem  entitled  to  considerable 
ttentiou)  to  adopt  the  successive  stages  in  the  Second  Dentition,  as 
;indards  for  estimating  the  physical  capabilities  of  Children,  especially 

1  regard  to  those  two  periods  which  the  Factory  Laws  render  it  of  the 
l  eatcst  importance  to  determine,  namely,  the  ages  of  nine  and  tJiirteen 
•;irs.  Previously  to  the  former,  a  Child  is  not  permitted  to  work  at  all ; 
id  up  to  the  latter,  it  may  be  only  employed  during  nine  hours  a  day.  The 
■cessities  or  the  cupidity  of  Parents  arc  continually  inducing  them  to 
isrepresent  the  ages  of  their  children ;  and  it  has  licen  found  desirable, 
lurcforc,  to  seek  for  some  test,  by  which  the  capability  of  the  Child  may 
■  determined,  without  a  knowledge  of  its  age.  A  standard  of  Height 
IS  been  adopted  by  the  Legislature  for  this  pm-pose ;  but  upon  grounds 

*  "  Tlic  Teeth  a  Test  of  Age,  considiTod  with  reference  to  the  Factory  Children."  By 
I  win  Saunders. 
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which,  physiologically  considorecl,  are  very  erroneous;  since,  as  is  well 
known,  the  tallest  children  are  frequently  the  weakliest.  According  to 
Mr.  Saunders,  the  degree  of  advance  of  the  Second  Dentition  may  he 
regarded  as  a  much  more  correct  standard  of  the  degree  of  general 
development  of  the  organic  fi-ame,  and  of  its  physical  powers;  and  it 
appears  from  his  inquiries,  that  it  may  be  relicd-on  as  a  guide  to  the  real 
age,  in  a  large  proportion  of  cases;  whilst  no  serious  or  injurious  mistake 
can  ever  arise  from  its  use.  It  may  happen  that  local  or  constitutional 
causes  may  have  slightly  retarded  the  development  of  the  Teeth ;  in  which 
case  the  age  of  the  individual  would  rather  be  under-estimated,  and  no 
harm  could  ensue :  on  the  other  hand,  instances  of  prematm'e  develop- 
ment of  the  Teeth  very  rarely,  if  ever,  occur :  so  that  there  is  no  danger 
of  imputing  to  a  Child  a  capability  for  exertion  which  he  does  not  possess, 
as  the  test  of  height  is  continually  doing.  Moreover,  if  such  an  advance 
in  Dentition  should  occur,  it  might  probably  be  regarded  as  indicative  of 
a  corresponding  advance  in  the  development  of  the  whole  organism;  so 
that  the  real  capability  woidd  be  such  as  the  teeth  represent  it. 

291.  Tlic  following  is  Mr.  Saunders's  statement  of  the  Ages,  at  which 
the  '  permanent'  Teeth  respectively  appeal*.  The  first  true  Molars  usually 
make  their  appearance  towards  the  end  of  the  7th  year.  Occasionally 
one  of  them  jn'otrudes  from  the  gum  at  6,  or  more  frequently  at  6^  years 
of  age ;  but  the  evolution  of  the  whole  of  them  may  be  regarded  as  an 
almost  infallible  sign  of  the  Child's  being  7  years  old.  In  other  instances, 
where  the  tooth  on  one  side  of  the  mouth  is  freely  developed,  it  is  fair 
to  reckon  the  two  as  having  emerged  from  their  capsule ;  since  the  de- 
velopment of  the  other  must  be  considered  as  retarded.  This  rule  only 
lu)lds  good,  however,  in  regard  to  teeth  in  the  same  row;  for  the  develop- 
ment of  the  teeth  in  either  jaw  must  not  be  inferred,  from  that  of  the  cor- 
responding teeth  in  the  other.  With  this  understanding,  the  results  of  the 
application  of  the  following  table  will  probably  be  very  near  the  truth. 


Central  Incisors  developed  at  .  .  .8  years. 

Lateral  Incisors  .  .  .  .  9  » 

First  Bicuspid      .  .  .  .  .    10  „ 

Second  Bicuspid        .  .  .  .         H  » 

Canines   .  .  .  .  .    12  to  12^ 

Second  Molars  .  .  .  .         12^  to  14 


The  following  are  the  results  of  the  application  of  this  test,  in  a  large 
number  of  cases  examined  by  Mr.  Saunders.  Of  708  Children  of  nine 
years  old,  530  would  have  been  pronomiced  by  it  to  be  near  the  comple- 
tion of  their  ninth  year;  having  the  central,  and  either  three  or  four 
lateral,  incisors  fiilly  developed.  Out  of  the  remaining  178,  it  would 
have  indicated  that  126  were  8^  years  old,  as  they  presented  one  or  two 
of  the  lateral  Incisors;  and  the  52  others  would  have  been  pronounced  8 
years  old,  all  having  three  or  four  of  the  central  Incisors.  So  that  the 
extreme  deviation  is  only  12  months;  and  this  in  the  inconsiderable  pro- 
portion (when  compared  with  the  results  obtained  by  other  means)  of  ol 
in  708,  or  7^  per  cent.  Again,  out  of  338  children  of  13  yeai'S  of  age, 
294  might  have  been  pronounced  with  confidence  to  be  of  that  age,  having 
the  Canines,  Bicuspid,  and  second  Molars,  either  entirely  developed,  or 
with  only  the  deficiency  of  one  or  two  of  either  class.  Of  the  44  others, 
36  would  have  been  considered  as  in  their  13th  year,  having  one  of  the 
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posterior  Molars  developed;  and  8  as  near  the  completion  of  the  12th, 
having  two  of  the  Canines,  and  one  or  two  of  the  second  Bicuspid.  In  all 
these  instances,  the  error  is  on  the  favourable  side, — that  is,  on  the  side  on 
which  it  is  calculated  to  prevent  injury  to  the  objects  of  the  inquiry;  in 

1  no  instance  did  this  test  cause  a  Child  to  be  estimated  as  older  or  more 

i  fit  for  laboiu-  than  it  really  was.* 

5.  Of  the  Simple  Tuhular  Tissues; — Ccqnllary  Blood-vessels  and 

Absorbents. 

292.  We  have  seen  that  all  the  Animal  Tissues,  whose  structure  has 
)  been  yet  considered,  derive  the  materials  of  their  growth  and  renovation 
1  from  the  nutrient  fluid ;  which  is  brought  into  a  more  or  less  close  rela- 
ition  with  their  elementary  parts,  by  means  of  Ga'pillary  Blood-vessels. 
"  These  seem  to  have  a  claim  to  be  regarded  as  among  the  elementary  parts 
I  of  the  fabric ;  since  they  are  formed  quite  independently  of  the  larger 
ttnmks,  and  have  little  in  common  with  them  in  their  function.  All 
t  those  changes  which  take  place  between  the  blood  and  the  surrounding 
{parts,  whether  ministering  to  the  operations  of  Nutrition,  Secretion,  or 
IRespu'ation,  occui'  during  its  movement  thi'ough  them;  and  the  function 
'  of  the  larger  trunks  is  merely  to  bring  to  them  a  constant  supply  of  fresh 
blood,  regulated  according  to  the  demand  created  by  the  actions  to  which 
it  is  subservient,  and  to  remove  the  fluid  which  has  circulated  through 
them.    In  Man,  as  in  all  the  higher  Animals, — in  the  adult  condition  at 
least,— the  Capillary  circulation  is  entirely  carried  on  through  tubes 
having  distinct  membranous  parietes.     These  tubes  commonly  form  a 
minutely-anastomosing  network ;  into  which  the  blood  is  brought  by  the 
ramifications  of  the  arteries  on  one  side,  and  from  which  it  is  returned  by 
the  radicles  of  the  veins  on  the  other.    The  walls  of  the  tubes  are  com- 
posed of  a  delicate  membrane,  in  which  an  appearance  of  transverse  stria- 
tion  (as  if  produced  by  minute  annular  fibres)  can  sometimes  be  discerned. 
The  diameter  of  the  Capillaries  varies  in  diflerent  animals,  in  accordance 
with  that  of  their  blood-corpuscles ;  thus  the  Capillaries  of  the  Frog  are, 
of  course,  much  larger  than  those  of  Man,    The  diameter  of  the  latter 
ippears,  from  the  measurements  of  Weber,  Miiller,  and  others,  to  vary 
irom  about  the  l-3700th  to  the  l-2500th  of  an  inch;  but  as  they  can 
only  be  examined  after  death,  it  is  probable  that  these  statements  are  not 
dtogether  exact,  particularly  as  tubes  of  the  smallest  of  the  above  sizes 
would  not  admit  ordinary  blood-corpuscles.    The  dimensions  of  the  indi- 

*  The  value  of  this  test,  as  compared  with  that  of  Height,  is  manifested  by  a  striking 
ixample  adduced  by  Mr.  Saunders.  The  height  of  one  lad,  J.  J.,  aged  8  years  and  4 
uonths,  was  4  feet  and  f  of  an  inch  ;  that  of  another  boy,  aged  8  years  and  7  months,  was 
'Illy  3  feet  7^  inches.  According  to  the  standard  of  height  adopted  by  the  Factory  Comrais- 
iioners  (namely  .S  feet  10  inches),  the  taller  lad  would  have  been  judged  fit  for  labour,  whilst 
lie  shorkr  would  have  been  rejected.  The  Dentition  of  the  latter,  however,  was  further 
ulvanced  than  that  of  the  former  ;  for  he  had  two  of  the  lateral  Incisors,  whilst  the  former 
lad  only  the  central :  and  the  determination  of  their  relative  physical  powers,  which  would 
lave  been  thus  formed,  would  have  been  in  complete  accordance  with  the  truth.  The  elder 
wy,  though  shorter  than  the  other  by  54  inches,  possessed  a  much  greater  degree  both  of 
orporeal  and  mental  energy,  and  his  pulse  was  strong  and  regular ;  whilst  that  of  the  younger 
:id,  who  was  evidently  growing  too  fast,  was  small  and  frequent. — An  instance  even  more 
triking  has  come  under  the  Author's  own  observation. 
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vidual  vessels,  indeed,  are  by  no  means  constant;  as  may  he  seen  ])y 
watching  the  Circulation  in  any  transparent  part,  for  some  little  time. 
Putting  aside  the  general  changes  in  diameter,  whiich  result  from  circum- 
stances affecting  all  the  capillaries  of  a  part,  it  may  be  observed  that  a 
single  capillary  will  sometimes  enlarge  or  contract  by  itself,  without  any 
obvious  cause.  Thus,  the  stream  of  blood  will  sometimes  be  seen  to  run 
into  passages,  which  were  not  before  perceived;  and  it  has  hence  been 


Fig.  66. 


Capillary  plexus  in  a  portion  of  the  web  of  a  Frog's  foot,  magnified  IJO  diameters : — a,  trunk  ol 
vein ;  b,  b,  its  branches ,  c,  c,  pigment-cells. 

supposed  that  they  were  new  excavations,  formed  by  the  retreating  or 
removal  of  the  solid  tissue  through  which  it  passes.  But  a  more  attentive 
examination  shows,  that  such  passages  are  real  capillaries,  which  did  not, 
at  the  time  of  the  first  observation,  admit  the  stream  of  blood-corpuscles, 
in  consequence  of  the  contraction  of  their  calibre,  or  of  some  other  local 
impediment ;  and  that  they  are  brought  into  view  by  the  simple  increase 
in  their  diameter.  The  compression  of  one  of  the  small  arteries  \nll 
generally  occasion  an  oscillation  of  the  corpuscles  of  blood  in  the  smallest 
capillaries,  which  will  be  followed  by  the  disappeai'ance  of  some  of  them; 
but  when  the  obstruction  is  removed,  the  blood  soon  regains  its  previous 
velocity  and  force,  and  flows  into  exactly  the  same  passages  as  before. 

293.  The  opinion  was  long  entertained,  that  there  ai'e  vessels  adapted 
to  supply  the  white  or  colom-less  tissues ;  carrying  from  the  arteries  the 
'  liquor  sanguinis,'  and  leaving  the  corpuscles  behind,  through  inability  to 
receive  them.  But  such  a  supposition  is  altogether  groundless.  Some  of 
the  white  tissues,  as  Cartilage,  are  altogether  destitute  of  vessels ;  and  in 
others,  the  supply  of  blood  is  so  scanty,  as  not  to  communicate  to  them 
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any  decided  hue.  It  is  evident  fi-om  what  has  been  already  stated,  that 
the  idea  that  Nutrition  can  only  be  carried  on  by  means  of  Capillary 
vessels,  is  entirely  gratuitous.  There  is  no  essential  difference,  in  fact, 
between  the  nutrition  of  the  non-vascular  tissues,  and  that  of  the  islets  in 
the  ruidst  of  the  network  of  capillaiy  vessels  which  traverses  the  most 
vascular.  In  both  cases,  the  nutrient  materials  conveyed  by  the  blood 
are  absorbed  by  the  cells  or  other  elementary  parts  of  the  tissue  imme- 
diately adjoining  the  vessels,  and  are  imparted  by  them  to  others  which 
are  further  removed;  and  the  only  difference  lies  in  the  amount  of  the 
portion  of  tissue  which  has  to  be  thus  traversed.  There  is  gTeat  variety 
in  this  respect,  as  we  have  seen,  among  the  vascular  tissues  j  and  we  are 
only  required  to  extend  our  ideas,  from  the  largest  of  the  islets  which 
we  find  in  these,  to  the  still  more  isolated  structures  of  which  the  non- 
vascular tissues  are  composed.  The  distribution  of  Capillaries  through 
the  vascular  tissues,  and  the  character  of  the  reticulation  which  they  form, 
vaiy  so  greatly  in  the  different  parts  of  the  fabric,  that  it  is  possible 
to  state  with  tolerable  certainty  the  nature  of  the  part,  from  which  any 
specimen  has  been  detached, — whether  a  portion  of  skin,  mucous  mem- 
brane, serous  membrane,  muscle,  nerve,  fat,  areolar  tissue,  gland,  &c. 
But  the  arrangement  of  vessels  peculiar  to  each,  evidently  has  reference 
only  to  the  convenience  of  the  distribution  of  blood  among  the  elementary 
parts  of  the  tissue,  and  varies  with  their  form.  It  is  not  possible  to 
imagine  that  it  has  any  other  relation  than  this  to  their  function ;  since, 
as  already  shown,  the  function  of  each  separate  element  of  the  organ,  of 
which  that  of  the  entire  organ  is  the  aggregate,  is  due  to  its  own  inherent 
vital  powers, — the  supply  of  blood  being  only  required  as  furnishing  the 
material  on  which  these  are  to  be  exercised. 

294.  It  has  been  rendered  highly  probable,  by  the  observations  of 
Schwann  and  other  Histologists,  that  the  Capillaries  of  Animals  originate 
in  cells,  like  the  straight  and  anastomosing.  Ducts  of  Plants.  Bodies 
having  the  appearance  of  cell-nuclei  may  frequently  be  seen  in  the  walls 
of  the  capillaiies  of  embryos  and  of  tadpoles ;  and  these  are  too  wide  apart 
to  waiTant  the  idea,  that  they  are  the  nuclei  of  epithelial  cells,  such  as 
those  which  line  the  larger  vessels.  Similar  nuclei  may  be  brought  into 
\iew  in  the  capillaries  of  adult  animals,  by  treating  them  with  acetic  acid ; 
and  they  are  particularly  well  seen  in  the  Pia  Mater,  which  consists  almost 
entirely  of  a  congeries  of  blood-vessels  (Fig.  67).  The  accompanying  figure 
shows  the  contrast  between  the  long  oval  nuclei  6,  6,  imbedded  at  intervals 
in  the  walls  of  the  true  capillaries,  and  rather  projecting  on  their  exterior; 
and  the  nuclei  of  the  epithelium-cells,  lining  the  interior  of  a  larger 
l)ranch,  which  last  are  more  numerous  and  of  less  regular  form,  and  are 
sometimes  placed  transversely  to  the  direction  of  the  tube. — The  first 
formation  of  the  Capillary  blood-vessels  in  the  vascular  area  in  the  Bird's 
egg,  seems  to  be  effected  entirely  by  the  coalescence  of  cells,  which  send 
off  prolongations  in  various  directions,  in  the  manner  of  stellate  pigment- 
cells,  such  as  those  seen  at  c,  c.  Fig.  66.  By  the  junction  of  these  pro- 
longations, a  network  of  tubes  is  formed,  which  is  at  first  very  irregular 
in  its  character;  the  gi-eatest  diameter  of  the  tubes  being  in  the  situation 
of  the  centres  or  bodies  of  the  original  cells;  whilst  between  these,  at  the 
points  where  their  prolongations  coalesced,  they  are  much  contracted. 
The  calibre  of  the  vessels,  however,  gradually  becomes  equalised,  and  the 
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network  becomes  connected  with  the  larger  trnnks,  and  bears  a  part  in 
the  general  circulation. — Appearances  indicative  of  a  similar  process  have 
been  observed  by  Prof.  Kolliker*  in  the  tail  of  the  very  young  Tadpole, 
at  the  time  when  it  is  undergoing  rapid  increase.   The  first  lateral  vessels 


Fio.  C7. 


Ciipilliiry  Blnnd- vessels  from  Pia  Mater: — a,  cilibrc  of  the  tulie,  jiartly  occupied  by  oval  nuelei, 
alternately  arranged  lengthways,  and  epithelial  in  their  character;  A,  b,  b,  nuclei  projecting  on 
the  exterior  of  the  tube ;  c,  c,  walls,  and  d,  calibre,  of  a  large  branch  ;  /,  /,  oval  nuclei,  arranged 
transversely.    Magnified  410  diameters. 

of  the  tail  have  the  form  of  simple  arches,  passing  between  the  main 
artery  and  vein,  and  are  produced  by  the  j  miction  of  prolongations  shot 
forth  from  these  vessels,  with  similar  prolongations  from  stellate  or  caudate 
cells  in  the  substance  of  the  tail  (Fig.  G8).  Some  of  the  latter,  again, 
coalesce  with  those  of  other  cells;  so  that  an  irregular  network  is  pro- 
duced, which  communicates  with  the  previously-formed  trunks.  The 
cavities  of  these  cells  and  of  their  radiations  (which  are  at  first  so  fine  as 
to  be  almost  impervious),  having  coalesced,  they  begin  to  receive  fluid 
from  the  vessels,  then  enlai'ge,  and  finally  appear  as  continuations  of 
them.  The  observations  of  Messrs.  Paget  and  Kirkest  on  the  develop- 
ment of  blood-vessels  in  the  fine  gelatinous  tissue  conveying  the  umbilical 
vessels  of  the  embryo-sheep  to  the  uterine  cotyledons,  lead  to  a  veiy 
similar  idea  of  the  process ;  for  here,  also,  there  may  be  seen  chains  and 
networks  of  cells  of  vai'ious  shapes,  some  fusiform,  some  stellate,  some 
rounder  oval  with  thread-like  prolongations,  connected  to  each  other  and 
to  the  adjacent  blood-vessels  by  very  slender  prolongations,  which  givadu- 
ally  enlarge,  and  become  filled  with  blood  from  the  vessels  with  which 
they  come  into  communication.    Some  of  the  appearances  noticed  by 

*  "  Annales  des  Sciences  Naturelles,"  Zool.,  Aoiit,  lf!46. 

t  "  Supplement  to  Prof.  Mliller's  Elements  of  Physiology,"  pp.  104,  105. 


DEVELOPMENT  OF  CAPILLARY  BLOOD-VESSELS. 


291 


68. 


these  obsei-vers,  however,  indicate  that  blood-corpnscles  may  be  formed  in 
parts  of  this  network  whicli  have  not  jet  come  into  connection  with  the 
neighbouring  vessels,  and  from  other  materials  than  those  directly  derived 
from  their  contents;  for  coloured 
nucleated  blood-corpuscles  were  ob- 
served in  distended  parts  of  the  nar- 
rowest tubes,  which  were  connected 
at  either  extremity,  either  with  blood- 
vessels, or  with  other  elongated  cells, 
by  filamentous  prolongations  far  too 

:  fine  to  transmit  particles  of  the  size 
of  blood-corpuscles. 

295.  Some  observations  have  been 

!  recently  adduced  by  Dr.  W.  T.  Gaird- 

I  ner,*  which  indicate  that  this  inde- 

1  pendent  formation  of  blood-vessels 

i  and  of  blood  may  take  place  (as  John 
Hunter  maintained,  and  as  many 

■  others  have  since  asserted,  though 

■  without  adequate  evidence,)  to  a  yet 
1 5  gi'eater  extent.  The  case  was  one  in 
M  which  a  false  membrane  had  been 
i  formed,  within  the  arachnoid  cavity, 
I  apparently  by  the  organization  of  a 
Uclot  of  blood  that  had  been  effused 
|i  in  consequence  of  injury ;  and  it  ex- 
llhibited  a  large  varicose  blood-channel, 
|i  which  had  no  very  definite  wall,  with 
la  a  great  number  of  smaller  branching 
n  vessels,  having  very  distinct  parietes. 
llThe  blood  of  the  large  channel  pre- 
psented  blood-corpuscles  of  all  dimen- 
llsions,  from  the  smallest  appreciable 
■size  to  that  of  the  fully-formed  disk ; 

fihose  of  the  inferior  or  intermediate      Formation  of  capillaries  in  tail  of  Tadpole  :- 
sizes  being  decidedly  more  numerous  capillaries  permeable  to  blood  ;  b,  b,  fat  gra- 

ii        •  1.  Il      l       /-^       1  •    ■         nules  attached  to  the  walls  of  the  vessels,  and  con- 

than  m  Ordmary  blood.      Combmmg   cealing  the  nuclei ;  c,  hollow  prolongation  of  a  ca- 

these  two  facts,  therefore,  the  rela-    P^'l^y  ending  in  a  point;  rf,  a  branching  ccll,  with 

.     ,  r  1       1  PI       nucleus  and  fat-granules,  communicating  by  three 

tively  low  state  of  development  OI  the    branches  with  capillaries  alrqadv  formed;  e,  blood- 

hmjeM  channel,  and  the  young  condi-  '=°'-P"«<=i^«'  ^'^^  containing  granules  of  fat. 
tion  of  the  blood  which  it  contained,  —  there  scarcely  appears  room 
for  doubt  that  the  whole  plexus  was  of  independent  origin,  and  was 
not  derived  from  the  adjacent  blood-vessels.  —  On  the  other  hand,  it 

cems  at  least  equally  certain  that  in  the  production  of  new  parts  for 
the  repair  of  injuries,  the  tissue  ordinarily  becomes  supplied  with  blood- 
vessels, not  by  any  such  independent  formation  in  its  own  substance,  but 

'y  more  out-gi^owth  from  the  capillaries  of  the  subjacent  structure.  "  The 
v-essel,"  according  to  the  description  of  Mr.  Paget,t  "  will  first  present  a 

•  "  Ecliiil)urgh  Montlily  Journal,"  October,  1«51,  pp.  3.92-4. 

t  '  Lectures  on  Repair  and  Reproduction,"  in  "  Med.  Gaz.,"  July  1  3,  lf!40,  p.  71. 
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slight  dilatation  in  one,  and  coincidently,  or  shortly  after,  in  another 
point;  as  if  its  wall  yielded  a  little  near  the  edge  or  snrface.    The  slight 
pouches  thus  formed  gi-adually  extend,  as  fluid  canals  or  diverticula,  from 
the  original  vessel ;  still  directing  their  course  towards  the  edge  or  siu-face 
of  the  new  material,  and  crowded  with  corpuscles,  which  are  pushed  into 
them  from  the  main  stream.    Still  extendiDg,  they  converge;  they  meet; 
the  partition-wall,  that  is  at  first  formed  by  the  meeting  of  their  closed 
ends,  clears  away,  and  a  perfect  arched  tube  is  formed ;  through  which 
the  blood,  diverging  from  the  main  or  former  stream,  and  then  rejoining 
it,  may  be  continuously  propelled."    Sometimes  the  projecting  pouch  in 
which  the  new  vessel  originates,  gives  way,  and  the  blood-coi'puscles  escape 
into  the  substance  of  the  parenchyma ;  at  first  they  lie  there  in  a  confiised 
cluster ;  but  before  long  they  manifest  a  definite  direction,  and  the  cluster 
bends  towards  the  line  in  which  the  new  vessel  might  have  formed,  and 
thus  opens  into  the  other  portion  of  the  arch,  or  into  some  adjacent  vessel.* 
This  formation  of  new  passages  in  a  determinate  direction  by  a  process  of 
'  channelling,'  indicates  the  existence  of  forces  in  the  parenchyma  itself, 
that  determine  the  direction  in  which  the  vessels  shall  prolong  themselves, 
when  the  new  passage  is  formed  by  their  outgrowth;  in  fact  it  woidd  not 
seem  improbable  that  this  outgrowth  is  itself  but  a  sort  of  varicose  dilata- 
tion, consequent  upon  the  breaking-down  of  the  tissue  into  which  it 
extends  itself.     And  it  is  conformable  to  this  view,  that,  according  to 
the  observations  of  Mr.  Travers,t  when  a  new  capillaiy  arch  is  formed  by 
outgrowth,  it  does  not  at  once  convey  a  stream  of  blood ;  but  isolated 
corpiiscles  enter  it,  and  perfoiTQ  an  oscillating  movement  for  some  houi-s, 
before  any  series  of  them  passes  into  it ;  so  that  we  cannot  regard  the 
new  canal  as  formed  by  the  vis  a  tergo  of  the  circulating  blood,  as  some 
have  maintained  it  to  be. 

29G.  The  structure  of  the  minutest  Absorbent  vessels  is  very  similar  to 
that  of  the  capillary  Blood-vessels.  Both  in  the  substance  of  the  tissues 
in  which  the  lymphatics  take  their  origin,  and  in  the  extremities  of  the 
intestinal  villi  in  which  are  the  radicles  of  the  lacteals,  they  seem  to 
originate  in  plexuses ;  which,  however,  are  unlike  those  of  the  capillary 
blood-vessels,  in  communicating  with  tranks  on  one  side  only.  These 
plexuses  are  formed,  according  to  the  observations  of  Prof.  Kolliker  (loo. 
cit.),  on  the  same  original  plan  with  those  of  the  blood-vessels ;  namely, 
by  the  junction  and  fusion  of  processes  from  stellate  cells,  either  with 
each  other,  or  with  olF-shoots  from  previously-existing  vessels.  In  the 
development  of  the  lymphatic  tubuli,  however,  the  union  of  the  cells  is  in 
a  more  simple  linear  direction,  than  it  is  in  the  production  of  capillaries; 
the  anastomosis  of  the  fornier,  in  their  complete  state,  being  much  more 
rare  than  that  of  the  latter. 

6.  Of  the  M uscular  Tissue. 

297.  The  Muscular  tissue,  which  is  the  instrument  of  the  perfonnance 
of  all  the  sensible  movements  of  the  body,  exists  under  two  forms ; — the 
ultimate  fibres  being  marked  in  one  by  transverse  and  longitudinal  stria'; 

*  Paget,  Op.  cit.  p,  72. 

t  "  Physiology  of  Inflammation  and  the  Healing  Process,"  p.  77. 
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— whilst  in  the  other  they  are  plain,  smooth,  or  imstriped.  The  former  is 
chiefly  couceriied  in  the  various  movements  which  are  effected  through  the 
ag'ency  of  the  Nervous  system,  and  which  are  connected  with  the  pecu- 
liarly Animal  powers  of  the  being.  The  latter  is  with  difficulty  called 
into  action  through  the  nervous  system,  but  is  much  more  readily  excited 
by- stimuli  applied  to  itself  ;  and  this  is  employed  to  perform  various 
movements,  which  are  more  immediately  concerned  in  the  Vegetative  or 
Organic  fimctions. — By  some,  the  two  forms  of  tissue  have  been  spoken  of 
as  those  of  Voluntary'  and  of  'involimtary'  muscle:  but  this  distinction 
is  not  correct;  since  every  muscle  ordinarily  termed  voluntaiy  may  be 
called  into  action  involuntarily,  and  the  Heart,  which  is  a  purely  '  invo- 
luntary' muscle,  has  the  striated  fibre  characteristic  of  the  '  voluntary.' 

298.  When  we  examine  an  ordinary  Muscle  (from  one  of  the  extremities 
for  example)  with  the  naked  eye,  we  observe  that  it  j^resents  a  fibrous  ap- 
pearance; and  that  the  fibres  are  arranged  with  great  regularity,  in  the 
direction  in  which  the  muscle  is  to  act.  Upon  further  examination  it  is 
found,  that  these  fibres  are  arranged 
in  fasciculi  or  bundles  of  larger  or 
smaller  size,  connected  by  means  of 
areolar  tissue ;  and  when  the  Micro- 
scope is  applied  to  the  smallest  fibre 
which  can  be  seen  with  the  naked 
eye,  it  is  seen  itself  to  consist  of  a 
fasciculus,  composed  of  a  number  of 
cylindrical  fibres  lying  in  a  parallel 
direction,  and  closely  bound  together. 
These  primitive  filsres  present  two 
sets  of  markings  or  strice ;  one  set 
longitudinal,  the  other  transverse  or  fibj^es  separated  at  one  end 
anmdar.    By  more  closely  examin-  '*  - 

iug  the^e  fibres,  when  separated  from  each  other,  it  is  frequently  seen  that 
each  may  be  resolved  into  fihrilla,  by  the  splitting  of  its  contents  in  a 
longitudinal  direction,  as  shown  in  Fig.  G9.    These  fibrillse  have  a  peculiar 


Fig.  69. 


Fasciculus  of  Striated  Muscular  Fibres;  the 


Fig.  70. 


Portion  of  Striated  Muscular  Fibre  separating  into  disks,  by  cleavage  in  direction  of  transverse  striie. 

headed  appearance,  which  will  be  presently  noticed  more  particularly. — 
Tt  not  unfrequcntly  liappens,  however,  that  when  a  fibre  is  drawn  apart, 
its  contents  separate  in  the  direction  of  the  transverse  stria);  forming  a 
scries  of  dish%  as  shown  in  Fig.  70.  This  cleavage  is  just  as  natural  as  the 
former,  though  less  frequent;  and  it  leads  us  to  a  view  of  the  composition 
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■  f 

of  Muscular  Fibre,  somewhat  different  from  tlie  one  commonly  adopted. 
To  use  the  words  of  Mr.  Bowman,*  it  would  be  as  jjroper  to  say,  "  that  the 
fibre  is  a  pile  of  disks,  as  that  it  is  a  bundle  of  Jibrillce;  but  in  fact  it  is 
neither  the  one  nor  the  othei-,  but  a  mass  in  whose  structure  there  is  an 
intimation  of  the  existence  of  both,  and  a  tendency  to  cleave  in  the  two 
directions.  If  there  were  a  general  disintegration  along  all  the  lines  in 
both  directions,  there  would  result  a  series  of  particles,  which  may  be  termed 
primitive  particles  or  sarcous  elements,  the  union  of  which  constitutes  the 
mass  of  the  fibre.  These  elementary  particles  are  arranged  and  united 
together  in  the  two  dkections.  All  the  resulting  discs,  as  well  as  fibrillse, 
are  equal  to  one  another  in  size ;  and  contain  an  equal  number  of  par- 
ticles. The  same  particles  compose  both.  To  detach  an  entire  fibrilla, 
is  to  abstract  a  particle  of  every  disc ;  and  vice  versa" 

299.  The  elements  of  Muscular  Fibre  are  bound  together,  in  the  perfect 
condition  of  the  fibre,  by  a  very  delicate  tubular  sheath.  This  cannot 
always  be  readily  brought  into  view ;  but  it  is  occasionally  seen  with  gi-eat 
distinctness :  thus,  when  the  two  ends  of  a  fibre  are  drawn  apai't,  its  con- 
tents will  sometimes  separate  without  the  rupture  of  the  sheath,  which 
then  becomes  evident  (Fig.  71);  and  this,  during  the  act  of  contraction, 

may  sometimes  be  observed  to  rise 
Fig.  71.  up  in  wrinlcles  upon  the  surface  of 

the  fibre,  as  seen  in  Fig.  75.  This 
sheath  is  quite  distinct  from  the 
areolar  tissue,  which  binds  the  fibres 
■  into  fasciculi ;  and  it  has  been  term- 
ed, for  the  sake  of  distinction,  the 

Muscular  Fibre  broken  across,  showing' the  un-  Mvolemma.  ItS  existCUCe  may  be 
torn  i)/«o/t'Hi7«a  coiincctini;  the  I'rasuicnts.  n  ^  ni 

"        °  demonstrated  m  any  Muscular  fibre, 

by  subjecting  it  to  the  action  of  fluids  which  occasion  a  swelling  of 
its  contents ;  this  is  esj)ecially  the  effect  of  acids  and  alkalies,  and  may 
be  well  produced  by  the  citric  and  tartaric  acids,  and  by  potash.  For 
a  time,  the  Myolemma  yields  to  the  distention  which  takes  place  fi'om 
within  ;  but  at  last  it  bm-sts  at  particular  points,  and  a  sort  of  hernia 
of  its  contents  takes  place,  making  the  existence  of  a  perfect  envelope 
in  all  other  parts  quite  evident.  This  membrane  is  itself  perfectly 
transparent,  and  has  nothing  to  do  with  the  production  of  either  the 
longitudinal  or  the  transverse  stria?.  There  is  no  reason  to  believe 
that  it  is  perforated  either  by  nerves  or  by  capillaiy  vessels;  in  fact,  it 
seems  to  be  an  effectual  ban-ier  between  the  real  elements  of  Muscular 
stmcture,  and  the  surrounding  parts.  That  it  has  no  share  in  the 
contraction  of  the  fibre,  is  evident  from  the  fact  just  mentioned,  respect- 
ing the  condition  which  it  occasionally  presents  when  the  fibre  is  much 
shortened. 

300.  Muscular  Fibres  are  commonly  described  as  cylindrical ;  but  there 
is  reason  to  believe  that  they  are  rather  of  a  polygonal  form,  their  sides 
being  flattened  against  those  of  adjoining  fibres  (Fig.  72).  In  some  instances 
the  angles  are  sharp  and  decided ;  in  others  they  are  roimded  off,  so  as  to 
leave  spaces  between  the  contiguous  fibres  for  the  passage  of  vessels.  The 
average  diameter  of  the  fibres  in  Man  is  stated  by  Mr.  Bowman  (loc.  cit.) 

•  '  On  the  Minute  Structure  and  Movements  of  Voluntary  Muscle,'  in  "  Philosophical 
Transactions,"  1840. 
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at  about  1 -400th  of  an  inch;  being  about  l-352nd.  of  an  inch  in  the  male, 
and  l-454th  of  an  inch  in  the  female.  He  has  met  with  extremes,  how- 
ever, as  wide  apart  as  l-507th  and  1-1 92nd  of  an  inch  in  the  male;  and 
1-6 15th  and  l-384th  of  an  inch  in  the  female.  The  average  distance 
between  the  strioe  is  about  l-9400th  of  an  inch;  but  it  is  sometimes  only 

Fig.  72. 


Transverse  section  of  Muscular  Fibres,  from  pectoral  muscle  of  Teal;  showinjj;  the  irreg;ular  form 
of  the  fibres,  and  the  aggregation  of  circular  particles,  with  which  they  are  completely  filled. 

l-15,000th,  and  sometimes  as  much  as  l-6000th,  varying  with  the  state 
of  contraction  or  relaxation  of  the  fibre.* — It  has  been  maintained  by 
some  that  each  Muscular  fibre  is  a  hollow  bundle  of  fibrillee;  but  the 
appearance  presented  by  transverse  sections  preves  that  this  is  not  the 
case,  the  whole  area  of  the  tube  being  occupied  by  fibrilla?,  without  any 
trace  of  central  cavity.  The  extremities  of  the  cut  fibrillse,  however, 
caimot.  always  be  distinguished  in  Mammalia,  in  consequence,  as  it  would 
i  seem,  of  their  close  and  intimate  lateral  union  ;  but  they  are  very  evident 
in  Birds,  Reptiles,  and  Fishes  (Fig.  72).  The  addition  of  an  acid 
increases  the  distinctness  of  the  fibrillse,  by  widening  the  interstices 
between  them. 

301.  When  the  fibrillce  are  separately  examined,  J^' 
they  are  found  to  present  an  alternation  of  dark 
\  and  light  spaces,  corresponding  with  the  trans- 
» verse  strise  of  the  fibre,  and  the  lighter  intervals 
'  between  them.  It  is  this  alternation,  which  gives 
.to  the  fibrillce  the  beaded  appearance  they  pre- 

« sent,  when  their  outline  is  not  perfectly  seen  showmg  formiuion.  of  striw  by 
KFig.  73).    When  well-prepared  specimens,  how-  the  aggregation  of  fibriiue. 
'ever,  are  carefully  examined  under  a  sufficient  magnifying  and  good 
^defining  power,  it  is  seen  that  the  border  of  the  fibrillce  is  straight  or 

*  It  is  curious  that  whilst  the  diameter  of  the  fihres  vnries  consideriibly  in  different 
J  animals,  being  genenilly  much  greater  in  the  cold-blooded  than  in  the  warm-blooded  tribes 
■  (corresponding  with  the  larger  size  of  the  blood-disks  of  the  former),  the  diameter  of  tin" 
*  JibrUlw,  and  the  distance  of  the  striaj  from  each  other,  vary  extremely  little. 
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nearly  so;  the  beaded  appearance  being  an  optical  illusion.  More- 
over, each  of  the  light  spaces  is  seen  to  be  crossed  by  a  delicate  but  dis- 
tinct line,  separating  it  into  two  equal  parts;  and  upon  attentive  exar 
mination  it  is  seen,  that  a  transparent  bordex-,  equal  in 
Fig.  74.        breadth  to  either  of  these  parts,  exists  at  the  sides,  as  well 
as  between  the  ends,  of  the  dark  spaces  (Fig.  94).  Thus 
each  dark  space  is  completely  surrounded  by  this  pellucid 
border ;  and  it  can  scarcely  be  doubted  that  the  whole 
constitutes  a  complete  though  minute  cell,  and  that  the 
entire  fibrilla  is  made  up  of  a  linear  aggregation  of  such 
cells.*    When  the  fibril  is  in  a  state  of  relaxation,  as 
seen  at  a,  the  diameter  of  the  cells  is  greatest  in  the 
longitudinal  direction ;  but  when  it  is  contracted,  the 
fibril  increases  in  diameter  as  it  diminishes  in  length; 
so  that  the  transverse  diameter  of  each  cell  equals  or 
even  exceeds  the  longitudinal  diameter,  as  seen  at  6. 
The  difference  between  the  two  states  is  fi'equently 
much  more  striking  than  is  represented  in  the  figui-e. 
— Thus  the  act  of  Muscular  contraction  seems  to  con- 
sist in  a  change  of  form  in  the  cells  of  the  ultimate 
fibrillaB,  which  must  be  regarded  as  a  manifestation  of 
forces  in  their  interior,  that  have  been  developed  in 
previous  acts  of  Nutrition  (§  110);  and  it  thus  corre- 
sjDonds  very  closely  with  the  contraction  of  certain  Vege- 
matiyMUaof^stTiMcd  tablo  tissucs,  of  which  the  component  cells  change  their 
fibrUin^a^tatc  oFordr  ^'^^'^^^  whcu  irritated,  and  thus  produce  a.  movementt 
nary  relaxation ;  b,  a  The  csscntial  difference,  therefore,  between  the  striated 
«ai  con'traction.  °^       i^^^scular  tissuo  of  Animals,  and  the  contractile  tissues 
of  Plants,  consists  in  the  subjection  of  the  former  to 
Nervous  influence. — The  diameter  of  the  ultimate  fibrillse,  and  the  length 
of  the  component  cells,  will  of  course  vary  according  to  the  contracted  or 
relaxed  condition  of  the  fibre;  but  they  otherwise  seem  to  be  tolerably 


*  This  account  of  the  ultimate  structure  of  Muscular  Fibre  was  first  published  simulta- 
neously (March,  1846),  by  the  Author  of  this  Treatise,  in  his  "Manual  of  Physiology," 
and  by  Dr.  Sharpey  in  his  new  edition  of  Dr.  Quain's  "  Elements  of  Anatomy."  Both  of 
these  statements,  which  were  completely  independent  of  each  other,  were  founded  upon  the 
examination  of  the  very  beautiful  preparations  of  Muscular  Fibre,  made  by  Mr.  Lealand  the 
Optician  ;  who  appears  to  have  been  the  first  to  direct  attention  to  the  transverse  line 
dividing  the  bright  space,  and  to  the  bright  border  edging  the  dark  spot.  A  similar  delinea- 
tion had  previously  been  published,  however,  by  Dr.  Goodfellow  ("  PhysiologicalJounial," 
No.  iv.);  but  his  interpretation  of  the  appearances  was  altogether  different;  for  he  considered 
the  dark  spaces  as  the  "  sarcous  elements"  of  Mr.  Bo\vman,  and  regarded  them  as  sepa- 
rately inclosed  within  partitions  formed  by  internal  prolongations  of  the  general  investing 
Myolemma.  By  Mr.  Erasmus  Wilson,  again,  the  appearances  were  described  as  leading  to 
the  belief  that  two  kinds  of  cells  exist  in  each  fibrilla,  a  dark  and  a  light ;  a  pair  of  light 
cells,  separated  by  the  delicate  transverse  line  just  spoken  of,  being  interposed  between  each 
pair  of  dark  ones  ("  Manual  of  Anatomy,"  3rd  edit.  p.  162).  The  bright  edging  to  the  dark 
spots  was  overlooked  by  him.— The  view  taken  by  Dr.  Sharpey  and  the  Author  has  the 
entire  concurrence  of  several  of  the  most  eminent  Microscopists'in  London  and  elsewhert 
(see,  for  example,  Mr.  Quekett's  "  Practical  Treatise  on  the  Use  of  the  Microscope,"  2nd 
edit.,  pi.  ix.,  fig.  12)  ;  and  testimony  in  its  favour  has  been  given  by  some,  who,  before  they 
saw  the  preparations  which  afford  tlie  evidence  of  its  truth,  had  entirely  discredited  it.  (See 
Dr.  Ilassall's  "Microscopic  Anatomy,"  pp.  341,  .548.) 

t  See  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  §  138,  and  chap.  xix. 
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uniform  in  different  animals.  The  average  diameter  may  be  stated  at  about 
l-10,000tli  of  an  inch;  but  it  has  been  observed  as  high  as  l-5000th,  and 
as  low  as  l-20,000th,  even  when  not  put  upon  the  stretch.  The  length 
if  the  component  cells  corresi^onds,  of  course,  to  the  distance  of  the  strijB 
>n  the  entire  fibre ;  and  this  also  has  been  just  shown  to  average  about 
l-10,-000th  of  an  inch. 

302.  The  general  oj)inion  as  to  the  disposition  of  the  fibres  during  the 
contraction  of  Muscle,  was  for  a  long  period  that  of  Prevost  and  Dumas, 
who  stated  that  they  were  thrown  into  a  sinuous  or  zig-zag  flexure.  More 
recent  observations,  however,  have  fully  demonstrated  the  incorrectness  of 
this  view;  the  improbability  of  which  might  have  been  suspected  from 
the  consideration,  that  fibres  in  this  state  of  flexure  could  scai'cely  be 
nagined  to  be  exerting  any  force  of  traction.    Prof.  Owen  has  noticed 
!iat,  in  the  contracted  state  of  the  very  transparent  muscles  of  some 
Entozoa,  each  separate  fibre,  which  may  be  seen  with  great  distinctness, 
iresents  a  knot  or  swelling  in  the  middle,  besides  being  generally  thick- 
}ued ;  but  that  it  is  simply  shortened,  without  falling  out  of  the  straight 
iue.    Dr.  Allen  Thomson  remarked  the  same  thing  in  the  Frog;  single 
ibres,  whilst  continuing  in  contraction,  being  simply  shortened,  without 
aUiug  into  zig-zag  lines :  and  he  was  led  to  suspect,  from  this  and  other 
circumstances,  that  the  zig-zag  arrangement  was  not  produced,  until  the 
ict  of  contraction  had  ceased.    The  inquiries  of  Mr.  Bowman  (loc.  cit.) 
lave  proved  most  satisfactorily,  that,  in  the  state  of  contraction,  there  is 
lu  approximation  of  the  transverse  strise,  and  a  general  shortening  of  the 
ibre ;  and  that  its  diameter  is  at  the  same  time  increased ;  but  that  it  is 
lever  thrown  out  of  the  straight  line,  except  when  it  has  ceased  to  con- 
ract,  and  its  two  extremities  are  still  held  in  proximity  by  the  contraction 
if  other  fibres.    The  whole  process  may  be  distinctly  seen  under  the 
^licroscope,  in  a  single  fibre  isolated  from  the  rest :  it  is,  of  course  desir- 
ble  to  select  the  specimen  from  those  animals, 'in,  which  the  contractility 
if  the  Muscle  is  retained  for  the  longest  period  after  death, — which  is 
)articularly  the  case  in  Reptiles  among  Vertebrata,  and  in  most  Inverte- 
jvata  (Mr.  Bowman  particularly  recommends  the  Crab  and  Lobster); 
lilt  the  change  has  been  fully  proved  to  differ  in  no  essential  degree,  in 
he  warm-blooded  Vertebrata.    The  contraction  usually  commences  at 
he  extremities  of  the  fibre ;  but  it  frequently  occurs  also  at  one  or  more 
iitermediate  points.    The  first  appearance  is  a  spot  more  opaque  than  the 
est,  caused  by  the  approximation  of  a  few  of  the  dark  points  of  some  of 
he  fibrilla) :  this  spot  usually  extends  in  a  short  time  through  the  whole 
liameter  of  the  fibre;  and  the  shading,  caused  by  the  approximation  of 
lie  transverse  striae,  increases  in  intensity.    The  strias  are  found  to  be 
wo,  three,  or  even  four  times  as  numerous,  in  the  contracted,  as  in 
tic  uncontracted  part ;  and  are  also  proportionally  narrower  and  more 
t'licate.    The  line  of  demarcation  between  the  contracted  and  uncon- 
lacted  portions  is  well  defined;  but,  as  the  process  goes  on,  fresh  striec 
''0  absorbed  (as  it  were)  from  the  latter  into  the  former.    The  contracted 
■irt  augments  in  thickness ;  but  not  in  a  degi-ee  commensurate  with  its 
iminished  length;  so  that  its  solid  pai-ts  lie  in  smaller  compass  than 
eforo, — the  fluid  which  previously  intervened  between  them,  beincr 
l  osscd  out  in  bullte  under  tlic  myolemma  (Fig.  75).    The  force  with 
hich  the  elements  of  the  fibre  thus  tend  to  approximate,  is  evidently 
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considerable ;  for  if  the  two  extremities  be  held  apart,  the  fibre  is  not  uu- 
frequently  ruptured.  This  corresponds  with  the  appearances  found  in 
the  muscles  of  persons  who  have  died  from  tetanus ;  for  in  the  ruptured 
fibres  of  those  muscles,  which  have  been  the  subjects  of  the  spasmodic 
action,  the  stria;  have  been  observed  to  approximate  so  closely,  as  to  be 


Fig.  75. 


Muscular  Fibre  of  Dytiscus,  showing  the  contracted  state  in  the  centre;  the  striifi  approximated; 
the  breadth  of  the  fibre  increased ;  and  the  myolcnima  raised  in  bulla;  on  its  surface. 

scarcely  distinguishable.  When  the  contraction  is  not  very  decided,  the 
dark  and  elevated  spot  appears  to  play  like  a  wave  along  the  fibre,  before 
it  involves  the  whole  diameter  in  any  part  (Fig.  76,  b);  and  even  when 
considerable  ti'action  is  being  exercised,  there  is  continual  interchange  in 


Fig.  6. 


IMuscular  Fibre  of  Skate,  in  a  state  of  rest  (a),  and  in  three  different  stages  of  contraction  (b,  c,  d). 

the  elements  by  which  it  is  effected, — the  disks  at  one  end  of  the  con- 
tracted part  receding  from  each  other,  whilst  at  the  other  end  new  disks 
are  being  received  into  it. 

303.  The  foregoing  description  is  chiefly  derived  from  the  appeai-ances 
presented  by  Muscular  Fibre,  when  spontaneously  passing  into  that  state 
of  contraction  which  is  termed  the  rigor  mortis  (§  333)  ;  but  there  can  be 
no  reasonable  doubt,  that  the  phenomena  of  contraction,  excited  by  the 
agency  of  the  nerves,  are  precisely  similar.  Mr.  Bowman  has  remai'ked, 
that  stimuli  of  various  kinds,  directly  applied  to  them,  produce  corre- 
sponding effects,  although,  in  the  case  of  galvanism,  the  change  is  too 
rapid  for  its  steps  to  be  followed ;  and  that,  from  the  appearances  pre- 
sented by  muscles  which  have  been  afiected  with  tetanic  spasms,  the  con- 
traction produced  by  nervous  agency  may  be  infeired  to  correspond  in 
character. — The  zig-zag  arrangement  which  is  so  often  seen  in  the  fibres, 
may  be  easily  produced,  by  approximating  the  ends  of  a  fasciculus,  after 
the  irritability  of  its  fibres  has  ceased  ;*  and  seems  to  be  that  into  which 

"  Mr.  Bowman's  conclusions  have  been  since  confirmed  by  Prof.  E.  Weber  ("  Archives 
d'Anatomie  Generale,"  Jan.  1846),  and  by  other  observers. 
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bres  are  naturally  thrown,  if,  on  elongation  following  contraction,  they 
to  not  at  once  stretched  by  antagonist  muscles.    Many  facts  support 
lie  opinion,  that,  when  an  entire  muscle  is  contracting,  all  its  fasciculi 
rxre  not  in  contraction  at  once ;  but  that  there  is  a  continual  interchange 
\a  the  parts  by  which  the  tension  is  effected,  some  relaxing  whilst  others 
we  shortening.    On  examining  a  muscle  of  which  some  fasciculi  present 
ihe  zig-zag  ai'rangement,  others  will  be  seen  (if  the  two  extremities  have 
act  been  pm-posely  approximated)  to  be  quite  straight,  and  in  a  state  of 
Diontraction ;  and  the  former  appearance  seems  to  be  presented  by  bundles 
*f  fibres,  which  have  either  not  yet  entered  into  contraction,  or  which 
»ave  relaxed  after  undergoing  it,  but  of  which  the  extremities  are  still 
jjpproximated  by  the  agency  of  other  contracting  fibres.  Again,  the  sound 
(mitted  by  a  muscle  in  vigorous  contraction,  indicates  a  continual  move- 
r  lent  among  its  particles  (§  330).    And  the  great  excess  of  force  put 
irth,  when  from  any  cause  an  unusual  amount  of  nervous  power  is  deter- 
liued  to  a  muscle  (as  in  violent  passion  or  mania,  or  in  those  peculiar 
ites  of  abstraction  in  which  the  attention  can  be  entirely  concentrated 
pon  any  one  pai't),  above  that  which  an  ordinary  voluntary  effort  can 
\  oke,  clearly  indicates  that,  in  the  latter  case,  only  a  part  of  the  muscle 
u  be  in  action  at  once,  which  seems  to  be  attributable  to  this  constant 
lovement  of  its  substance. — The  result  of  various  experiments  made  for 
iic  pui-pose,  leads  to  the  conclusion,  that  the  total  bulk  of  a  muscle  in 
•  aiti'action  is  not  less  than  when  it  is  in  a  relaxed  state  j  or  that  the 
itference,  if  any  exist,  is  extremely  trifling. 
304.  Eveiy  Muscular  Fibre,  of  the  striated  kind  at  least,  is  attached 
t-  its  extremities  to  white  fibrous  tissue ;  through  the  medium  of  which, 
exerts  its  contractile  power  on  the  bone  or  other  substance  which  it  is 
estined  to  move.    The  whole  fasciculus  of  fibrillte  sometimes  ends 
iruptly  in  a  perfect  disk ;  but  not  unfrequently  the  extremities  of  the 
ijres  become  rounded  or  conical,  in  consequence- of  the  prolongation  of 
rtain  fibrillse  beyond  others.    Prof  Kolliker  describes  the  terminal 
1  )rill8e  as  occasionally  losing  their  transverse  strise^  and  as  passing  with 
nparent.  continuity  into  the  fibrils  of  the  tendon,  the  myolemma  not 
ing  continued  over  the  extremity  of  the  fibres;  but  it  has  always  ap- 
ared  to  the  Author,  that  the  connection  between  the  muscle  and  the 


Attachment  of  Tendon  to  Muscular  Fibre,  in  Skate. 


iidon  is  established  rather  through  the  medium  of  the  myolemma  than 
trough  that  of  the  fibrilke.  Wlicre  the  muscular  fibre  terminates  in  a 
load  flat  disc  (Fig.  77),  the  tendinous  fibres  appear  at  first  to  stop  short 
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Fig.  78. 


upon  its  siu-face ;  but  a  more  careful  examination  will  generally  enaljle 
them  to  be  traced  over  the  myolemma  of  the  cylindrical  portion  of  the 
fibre;  and  the  Author  has  occasionally  seen  indications  of  a  douljle 
spiral  an-angement  of  these  fibres  around  the  sheath  of  the  muscular 
fibre,  which  has  also  been  described  by  Dr.  Leidy.  When  the  fibres  of  a 
muscle  are  inserted  more  or  less  obliquely  into  the  side  of  a  tendon  whose 
fibres  take  a  different  direction,  the  muscular  fibres  are  attached  by 
rounded  or  blunt  conical  ends  to  the  side  of  the  tendinous  fasciculi, 
which  are  excavated  into  little  shallow  pits  or  dimples  to  receive  them ; 
and  the  continuity  of  the  myolemma  over  their  extremities  can  then  be 
distinctly  made  out. 

305.  The  ])lain,  smooth,  or  non-striated  form  of  Muscular  tissue,  ordi- 
narily presents  itself  in  the  condition  of  flattened  bands,  whose  diameter 
is  usually  between  l-2000th  and  l-3000th  of  an  inch;  their  substance  is 
translucent,  but  sometimes  finely  gramdar ;  and  they  are  usually  mai-ked 
at  intervals  by  peculiar  elougated  nuclei,  which,  when  not  originally 
visible,  may  be  rendered  so  by  acetic  acid  (Fig.  78).    These  bands  are 

generally  collected  into  fasciculi,  in  wliich 
they  lie  parallel  with  one  another;  but  the 
fasciculi  themselves  often  cross  each  other  and 
interlace.  They  have  not,  as  a  general  rule, 
fixed  points  of  attachment,  like  those  of  the 
muscles  composed  of  striated  fibres ;  but  foim 
continuous  investments  around  cavities  hned 
by  mucous  or  other  membranes,  as  the  ali- 
mentary canal,  the  uterus,  tlie  bladder,  the 
vascular  trunks,  &c. ;  or  are  dispersed  through 
the  substance  of  other  fibrous  tissues,  especi- 
ally the  skin,  to  which  they  impart  a  con- 
tractile property. — This  tissue  however,  has, 
lately  been  resolved  by  Prof.  KoUiker  *  into  a 
yet  mox'e  elementary  form;  for  he  has  shown 
that  every  so-called  fibre  is  either  a  single 
elongated  cell,  or  is  a  fasciculus  of  such  cells; 
each  cell  having  an  elongated  staff-like  nucleus, 
which  is  one  of  its  most  distinctive  characters. 
Three  principal  fonns  of  such  cells  are  de- 
scribed by  him : — 1  st.  Short,  rounded,  fusiform, 
Non-striated  Muscular  Fibre ;  at  qj-  nearly  rectaugidar  plates,  like  those  of  epi- 
thrnucid \he^ action  thelium,  about  l-1125th  of  an  inch  long,  and 

«"d.  1-1 875th  of  an  inch  broad :— 2nd.  Long  plates 

of  irregular  rectangular,  fusiform,  or  club  shape,  with  fringed  edges,  about 
l-562nd  of  an  inch  long,  and  l-3750th  of  an  inch  broad:— 3rd.  Long, 
narrow,  fusiform,  round,  or  flattened  fibres,  with  pointed  terminatious 
(Fig.  79),  which  are  either  straight  or  wavy,  from  about  l-612th  to  l-50m 
of  an  inch  long,  and  from  l-5625th  to  l-1125th  of  an  inch  in  breadth. 
The  first  and  second  of  these  forms  are  only  found  in  the  walls  of  the 
blood-vessels;  and  the  first  may  be  easily  mistaken  for  the  cells  of  epi- 
thelium; the  last  form  is  the  one  which  presents  itself  everywhere  else. 


*  "Kdlliker  and  Siebold's  Zeitschrift,"  184.9. 
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iiesc  nmscTdcir  fibre-cells  are  composed  of  a  soft  yellow  substance,  -which 
wells  in  water  and  acetic  acid,  in  which  last  it  becomes  of  a  paler  colour. 
I 'here  is  no  appreciable  difference  between  the  outer  and  inner  parts; 
lough  when  treated  with  acetic  acid  it  would  seem  as  if  each  fibre-cell  had 
delicate  covering.    Their  substance  is  homo- 
oneous,  with  faint  longitudinal  striations;  and  Fig.  79. 

,oy  often  contain  small  pale  granules,  some- 
iines  yellow  globules  of  fatty  matter.  Each 
ibre-cell  has  a  pale  nucleus  (sometimes  only 
'orceptible  when  it  is  treated  with  acetic 
id,  h),  which  constitutes  its  most  distinctive 
■liaracter.  Its  form  is  peculiar,  being  like  a 
raff  rounded  at  each  end  (c) ;  its  substance  is 
lomogeneous;  its  length  from  1-2 8 00th  to 
.-1875th  of  an  inch;  and  its  breadth  from 
ibout  l-2o,000th  to  1-1 4,000th  of  an  inch.— 
I'lie  muscles  composed  of  this  form  of  tissue 
aay  be  divided  (according  to  Prof  Kolliker) 
uto  (a)  the  2}ure  smooth  muscles,  which  con- 
dn  no  other  kind  of  tissue,  such  as  those  of 
lie  nipple,  the  corium,  the  interior  of  the  eye, 
lie  intestinal  canal,  the  bladder,  the  prostate, 
he  vagina,  the  smaller  ai'teries,  veins,  and 
vmphatics ;  and  (b),  the  mixed  smooth  mus- 
les,  which  contain,  besides  the  muscular  fibre- 
'11s,  ai'eolar  tissue,  and  elastic  fibres;  such 
.re  the  trabeculse  of  the  spleen  and  corpora 
■avemosa,  the  dartos,  the  circular  fibres  of  the 
irger  arteries  and  veins,  the  long  and  trans- 

fiUa.^r,  4-1^^    ,,,.^4-1  „      J-  J     J.        Fusiform  cells  of  Smooth  Muscidar 

■rse    fibres   of   the    urethra,    prostatic    duct,  'Ft^re,  from  the  renal  vein  of  Man  :- 

'allopian  tubes,  and  uterus ;  and  in  the  tra-  «>  <^wo  cells  in  their  natural  state,  one 

,       -^i  1  •  Ji  •  T       1  of  them  showmg  the  staff-shaped 

hea,  broucni,  uretma,  inner  muscular  layer  nucleus;  6,  a  ceii  treated  with  acetic 
'f  the  testicles,  seminal  ducts,  &c.,  they  change  s\^rongiy'£to"4w.'''^^"'  " 
y  imperceptible  degrees  into  the  first  form. 

306.  The  muscular  structure  of  the  Heart  is  peculiar,  in  presenting  the 
.oneral  arrangement  of  the  non-striated  muscles,  as  regards  the  interlace- 
rient  of  the  fasciculi  and  the  absence  of  fixed  points  of  attachment,  with 
he  ultimate  structure  of  the  striated.  The  fibres  are  of  smaller  diameter, 
lowever,  than  those  of  the  voluntary  muscles;  and  the  striae  are  less 
trongly  marked,  and  are  less  regular.  In  the  heart,  too,  is  seen  more 
l  equently  than  elsewhere,  the  subdivision  and  anastomosis  of  the  mus- 
clar fibres;  which,  first  observed  by  Prof  Kolliker  (in  1849)  in  the  heart 
'f  the  frog,  has  been  witnessed  by  the  same  distinguished  anatomist  in 
he  cardiac  fibres  of  Man  and  of  various  among  the  higher  animals. — No 
'I'opcr  gi-adation  can  be  anywhere  traced  from  the  striated  to  the  non- 
triatcd  form ;  but  the  two  sometimes  come  into  very  close  apposition, 
iH  where  the  constrictors  of  the  pharynx  overlie  the  muscular  coat  of  the 
usophagiis  itself* 

'  The  distinctness  of  the  two  kinds  of  tissue  is  curiously  marked  in  the  case  of  the  para- 
itic  Trichina  spiralis,  which  infests  the  striated-fibre  muscles  alone,  and  may  be  seen  to  stoj) 
liort  at  the  margin  of  the  inferior  constrictor,  without  passing  on  to  the  tissue  beneath. 
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307.  The  Chemical  Composition  of  Muscular  Fibre  seems  to  be  veiy 
uniform,  from  whatever  source  it  is  obtained.  It  is  impossible,  however, 
to  determine  it  with  precision ;  on  account  of  the  difficiilty  of  completely 
isolating  the  substance  of  the  fibres  from  the  areolar  tissue,  vessels,  aud 
nerves,  that  are  blended  with  them.  The  proper  muscular  substance 
differs  from  the  simple  fibrous  tissues,  in  not  being  resolvable  into  gelatin 
by  the  prolonged  action  of  boiling  water;  and  in  being  soluble  in  acetic 
acid,  from  which  it  is  precipitated  by  ferrocyanide  of  potassium,  showing 
that  it  belongs  to  the  proteine-compounds.  It  is  not,  however,  time 
Fibrin,  but  corresponds  rather  to  coagulated  Albumen  (§§  21,  25), 
The  following  analysis  of  Muscle  by  Berzelius  corresponds  very  exactly 
with  those  since  made  by  Braconnet,  Schultz,  Marchand,  and  other 
Chemists : — 


Proper  Muscular  substance           ....  15'80 

Gelatin  (from  areolar  tissues)            .          .          .  '       1  "90 

Albumen  and  ha>niatin     .....  2"20 

Phosphate  of  lime,  with  albumen        ....  "08 

Alcoholic  extract,  with  salts  (lactates  ?)     .          .          .  1*80 

Watery  extract,  with  salts     .          .          .          .  .       1  -O^ 

Water,  and  loss    ......  77"17 


10000 

Thus  something  less  than  23  per  cent  of  solid  matter  exists  in  ordinaiy 
meat;  and  in  100  parts  of  this  solid  matter,  there  are  about  3^  parts  of 
fixed  salts. — The  close  con-espondence  in  ultimate  composition,  between 
dried  Muscle,  and  dried  Blood,  accoi'ding  to  the  analyses  of  Playfair  aud 
Bcickmann,  is  not  a  little  remarkable.    The  following  are  their  results  : — 

Playfair.  Bockmann. 


Muscle, 

Blood. 

Muscle. 

Blood. 

Carbon 

.  51-83 

51-95 

51-89 

51-96 

Hydrogen  . 

7-57 

7-17 

7-59 

7-33 

Nitrojren 

.  15-01 

15-07 

15-05 

15-08 

Ox3'gen 

21-36 

21-39 

21-24 

21-21 

Ashes  . 

4-23 

4-42 

4-23 

4-42 

The  natiu'e  of  the  saline  constituents  of  Muscle,  however,  indicates  its  rela- 
tion to  be  rather  with  the  contents  of  the  Corpuscles,  than  with  the  Blood 
as  a  whole  (§  140) ;  for  the  per-centage  composition  of  the  entire  Ash  is, — 
chloride  of  potassium  14-8,  phosphoric  acid  36-6,  sulphuric  acid  2-9,  pot- 
ash 40-2,  and  earths  with  oxide  of  iron  5-6. — Some  very  interesting  re- 
seai'ches  have  been  made  by  Helmholtz,*  on  the  chemical  changes  induced 
in  the  tissue  by  Muscular  action.  Powerful  contractions  were  induced  by 
electricity  in  the  amputated  leg  of  a  Frog,  and  were  kept  up  as  long  as  the 
in-itability  was  retained  :  the  flesh  of  the  two  limbs  vfas  then  analysed  ; 
and  it  was  found  that,  in  every  instance,  the  water-extractive  was  dinu- 
nished  in  the  electrized  muscle,  to  the  extent  of  from  20  to  24  per  cent, 
whilst  the  alcoholic  extract  was  increased  to  about  the  same  amoxuit. 
Similar  results  were  obtained  from  experiments  on  warm-blooded  animals; 
the  amount  of  change,  however,  being  less,  on  account  of  the  shorter 
duration  of  their  muscular  irritability.  It  may  be  expected  that  more 
exact  analyses  will  unequivocally  indicate  the  production  of  an  augmented 

*  Miiller's  «  Archiv.,"  1845. 
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1  mount  of  those  products,  which  we  know  to  result  from  the  retrograde 
iietamorijhosis  of  the  muscular  substance,  consequent  upon  its  functional 
ictivity  (§§  52—62). 

308.  Muscular  tissue,  properly  so  called,  is  as  extra-vascular  as  cartilage 
or  dentine ;  for  its  fibres  are  not  penetrated  by  vessels ;  and  the  nutriment 

squired  for  the  gTOwth  of  its  contained  matter  must  be  drawn  by  absorp- 
idon  through  the  myolemma.    But  the  substance  of  Muscle,  as  a  whole, 
'S  extremely  vascular,  the  Capillary  vessels 
ieing  distributed  in  parallel  lines,  united  Fig.  80. 

ty  transverse  branches,  in  the  minute  in- 
erspaces  between  the  fibres  (Fig.  80) ;  so 
hat  it  is  probable  that  there  is  no  fibre, 
\  hich  is  not  in  close  relation  with  a  capil- 
ary.  The  number  of  blood-vessels  in  a 
iven  space  will  of  course  be  greater,  where 
he  fibres  and  the  capillaries  are  both 
mall,  as  in  Mammals  and  Birds,  than 

here  they  are  of  larger  diameter,  as  in       ~   '~     '.     ,  , . .  7~ 

®  '  Capillary  net-work  otmviscle, 

icptiles  and  Irishes ;  and  the  former  con- 

ition  will  obviously  be  the  one  most  favourable  to  the  performance  of 
ctive  changes  between  the  blood  and  the  muscle.    These  changes  consist, 
would  appear,  not  merely  in  the  nutrition  of  the  tissue ;  but  in  the  sup- 
lyof  oxygen,  which  is  a  necessary  condition  of  the  excitement  of  its  activity. 
\'e  shall  hereafter  see,  indeed,  that  every  muscular  contraction  probably 
1  volves  the  disintegration  of  a  certain  amount  of  its  substance,  through 
e  imion  of  oxygen,  supplied  by  arterial  blood,  with  its  elements;  and 
at  the  great  demand  for  nutrition,  which  is  occasioned  by  muscular 
tivity,  is  for  the  pm-pose  of  repairing  this  loss.    The  muscles  of  warm- 
looded  animals  speedily  lose  their  irritability,  after  the  supply  of  arterial 
lood  has  been  suspended,  either  through  the*  cessation  of  the  general 
I'culation,  or  by  deficient  aeration  of  the  fluid.    But  the  muscles  of  cold- 
(ooded  animals,  which  are  very  inferior  in  the  energy  and  rapidity  of 
leir  action,  j)reserve  their  properties  for  a  much  longer  period,  after  the 

privation  of  their  supply  of  arterial  blood;  in  accordance  with  the 
neral  principle,  that,  the  lower  the  usual  amount  of  vital  energy,  the 
r.ger  is  its  persistence,  after  the  withdrawal  of  the  conditions  on  which  it 

dependent.  The  very  indisposition  to  a  change  of  composition,  on 
liich  the  less  ready  action  depends,  produces  a  longer  retention  of  the 
>\ver  of  acting.  —  Much  discrepancy  of  opinion  has  existed  amongst 
latomists,  as  to  the  presence  of  Lymphatics  in  Muscular  tissue.  The 
icroscopic  inquiries  of  Prof.  Kolliker  incline  him  to  the  opinion  that 
10  small  muscles  are  destitute  of  absorbents,  and  that  the  few  lymphatics 
liich  seem  to  issue  from  some  of  the  larger  Muscles,  belong  to  their  areolar 
I  oath  and  its  larger  subdivisions. 

309.  The  Striated  Muscles  (excepting  the  Heart)  are,  of  all  the  tissues 
cept  the  skin,  those  most  copiously  supplied  with  Nerves.    These,  like 

0  blood-vessels,  lie  on  the  outside  of  the  Myolemma  of  the  several  fibres ; 
'1  their  influence  must  consequently  be  excited  through  it.   The  general 

1  angement  of  these  nerves  is  shown  in  Fig.  81.  Their  ultimate  fibres 
tubes  cannot  bo  said  to  terminate  anywhere  in  the  Muscular  substance ; 

after  issuing  from  the  trunks,  they  form  a  series  of  loops,  which 
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return  either  to  the  same  trunk,  or  to  an  adjacent  one.  The.  occasional 
appearance  of  a  termination  to  a  nervous  fibril  is  caused  by  its  dipping 
down  between  the  muscular  fibres,  to  pass  towards  another  stratum* 
The  nerves  are  almost  exclusively  of  the  motor  kind ;  but  a  few  sensory 
are  blended  with  them.  We  see  this  most  clearly  in  cases,  in  which  the 
motor  and  sensory  trunks  supplying  the  muscles  are  distinct ;  as  in  the 

Fig.  81. 


Form  of  the  terminating  loops  of  the  Nerves  in  the  Muscles. 

muscles  of  the  orbit. — The  non-striated  muscles  are  very  sparingly  supplied 
with  nerves;  and  these  ai-e  derived  (for  the  most  pai't,  if  not  entirely), 
from  the  Sympathetic  system,  rather  than  from  the  Cerebro-Spinal. 

310.  The  developynent  of  striated  Muscular  fibre  commences,  according 
to  Schwann  and  Valentin,  in  the  development  of  a  linearly-ai'ranged 
series  of  cells  from  nuclei  lying  in  the  midst  of  a  soft  blastema.  At  the 
points  of  contact  between  the  cells,  the  partitions  disappear ;  and  thus  a 
continuous  tube  is  formed,  which  seems  to  become  the  myolemma  of  the 
fibi-e.  The  nuclei  of  the  original  cells,  however,  still  remain;  and  besides 
these,  the  tube  may  be  seen  to  contain  a  number  of  granular  pai'ticles, 
which  gradually  (according  to  the  observation  of  Dr.  Sharpeyt)  come  to 
present  a  somewhat  regular  disposition  in  transverse  lines  between  the 
nuclei.  The  full  development  of  the  transverse  striae,  which  indicates 
the  complete  evolution  of  the  contained  fibrillse  within  the  myolemma, 
does  not  take  place  until  subsequently.  For  some  time,  the  nuclei  con- 
tinue to  be  very  apparent,  in  consequence  of  their  projection  from  the 
edges  of  the  fibre,  and  of  the  smallness  of  its  diameter  (Fig.  82) ;  but  as  the 
fibre  increases  in  size,  they  become  more  imbedded  in  its  substance ;  and 
in  the  musculai*  fibre  of  the  adult,  their  presence  can  only  be  made  evident 

*  A  different  method  of  termination  has  been  discovered  by  Prof.  Wagner  in  the  muscular 
nerves  of  the  frog,  and  by  Profrs.  M'uller  and  Briicke  in  those  of  the  pike ;  the  ultimate 
nerve-fibres  themselves  undergoing  subdivision,  and  ending  by  exquisitely  fine  free  extremities. 
But  although  there  is  no  doubt  as  to  the  frequency  of  that  arrangement  in  cold-blooded  Ver- 
tebrata,  as  well  as  in  many  Invertebrated  animals,  yet,  from  the  researches  of  Prof  Kiillik'^r, 
it  seems  certain  that  the  looped  arrangement  prevails  in  the  muscles  of  Man  and  of  other 
Mammalia ;  and  that  the  subdivision  of  the  nerve-fibres,  with  the  termination  of  the  fibres 
in  free  extremities,  if  it  take  place  at  all,  is  quite  exceptional.  (See  his  "  Mikroskopiscne 
Anatomie,"  band  ii.  pp.  238-247.) 

f  See  his  Introduction  to  "  Quain's  Elements  of  Anatomy,"  p.  clxxv. 
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by  treating  the  fibre  with  weak  acids  (siicli  as  the  citric  or  tartaric), 
which  rendei-s  the  nuclei  more  opaque,  whilst  the  surrounding  structure 
becomes  more  transpai-ent  (Fig.  83).  They  are  usually  numerous  in 
proportion  to  the  size  of  the  fibre. — The  development  of  the  striated  fibre 


various  directions,  some  present- 
Muscular  Fibres  from  /(Bin;  pectoralis  : —  ing  nucleoli,  are  shown, 
A,  from  Calf  at  two  months  ;  b,  from  Human 
fcetus  of  nine  mouths. 

has  more  recently  been  carefully  studied  by  M.  Lebert  in  the  Heart  of 
the  Chick.*     The  rhythmical  contractions  of  this  organ  become  very 
manifest  and  regailar  towards  the  36th  hoiu-  of  incubation;  nevertheless, 
it  is  at  this  time  composed  of  nothing  else  than  '  organo -plastic  globules' 
>r  elementaiy  cells  imbedded  in  a  granulai*  blastema.     Between  tlie 
ourth  and  fifth  days  of  incubation  are  seen  in  the  midst  of  the  mass  of 
globular  particles,  certain  elongated  sub-cylindrical  bodies,  sometimes 
grouped  together  in  a  reticular  manner  j  these  bodies,  being  the  first 
udiments  of  the  muscular  fibres,  not  merely  in  the  heart,  but  also  in  the 
Hher  striated  muscles,  are  designated  by  M.  Lebert  '  myogenic  cells.' 
i  jet  ween  the  7th  and  8th  days,  the  '  organo-plastic  globules'  undergo  a 
considerable  diminution,  and  the  muscular  siibstance  presents  a  more 
complete  development.    A  longitudinal  striation  shows  itself  in  the  con- 
ents  of  the  cylinders,  which  seems  partly  due  to  the  grouping  of  the 
iTanular  particles  of  which  these  contents  consist;  the  transverse  stria- 
ions  do  not  show  themselves  until  some  time  afterwards.    Between  the 
th  and  9th  days,  the  myogenic  cells  become  more  regularly  cylindrical 
nd  their  extremities  more  rounded;  the  tendinous  fasciculi  then  begin 
0  be  visible,  enclosing  the  lower  part  of  the  cylinders,  without  having  as 
et  any  direct  relation  of  continuity  with  them.    The  interior  of  the 
ylindcrs  becomes  more  regularly  striated  in  the  direction  of  its  length ; 
nd  between  the  10th  and  12th  days,  the  transverse  stria)  appear  on  the 
nrface,  and  multiply  rapidly,  becoming  at  the  same  time  more  and  more 
egular.     The  '  organo-plastic  globules, '  which  at  first  separated  the 

•  "  Annales  des  Sci.  Nat.,"  Juin,  1849. 
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primitive  cylinders,  gradually  disappear;  the  cyliudei's  approach  one 
another;  and  before  the  end  of  embiyonic  life,  they  are  foimd  to  be 
grouped  into  fasciculi.  M.  Lebert  has  further  shown,  that  different  mem- 
bers of  the  animal  kingdom  permanently  exhibit  the  Muscular  fibre  in 
the  dilTerent  phases  of  development  here  described ;  *  and  it  appears  pro- 
bable that  tlxe  smooth  muscular  fibre-cells  of  Prof  KoUiker  are  to  be 
regarded  as  the  original  '  myogenic  cells, '  within  which  no  secondaiy 
formation  has  taken  place.  —  There  seems  every  probability  that  the 
nuclei  of  the  parent-cells  continue  to  act  as  '  centres  of  nutrition '  diu-ing 
the  whole  life  of  each  fibre :  furnishing  the  germs  from  which  the  minute 
secondary  cells,  that  compose  the  fibrillEe,  are  developed  as  they  are 
required.  The  diameter  of  the  Muscular  fibre  of  the  foetus  is  not  above 
one-third  of  that  which  it  possesses  in  the  adult;  and  as  the  size  of  their 
ultimate  particles  is  the  same  in  both  cases,  their  oinmher  must  be  gi'eatly 
multiplied  during  the  growth  of  the  structure.  But  we  shall  find  reason 
to  believe,  that  a  decay  is  continually  taking  place  in  the  component 
cells,  with  a  rapidity  pi'oportional  to  the  functional  activity  of  the  Muscle; 
and  their  generation,  which  occurs  as  constantly  when  the  nutrient  opera- 
tions proceed  in  their  regular  course,  is  probably  accomplished  by  a 
development  from  these  centres,  at  the  expense  of  the  blood  with  which 
the  muscle  is  copiously  supplied. 

311.  The  ordinaiy  rate  of  Nutrition  of  the  Muscular  tissue,  depends 
upon  its  functional  activity.  Eveiy  exertion  of  its  vital  Contractility 
involves — there  is  good  reason  to  believe — a  waste  or  disintegration  of  a 
proportional  amount  of  its  substance;  the  vital  force,  which  previously 
manifested  itself  in  the  acts  of  gi'owth  and  development,  being  now 
expended  in  the  form  of  mechanical  power ;  and  the  living  tissue  being 
consequently  reduced  to  the  condition  of  dead  matter,  and  being  thus 
rendered  subject  to  decomposition,  which  it  previously  resisted.  Of  this 
there  is  a  greixt  variety  of  evidence.  The  increase  of  the  demand  for  food, 
occasioned  by  Muscular  activity,  is  an  indication  that  the  nutritive  opei"a- 
tions  are  excited  by  it ;  and  the  purpose  of  these  can  scarcely  be  anything 
else,  than  the  reparation  of  the  loss  which  the  Muscle  has  sustained. 
Again,  it  will  be  hereafter  shown  (§  324),  that  the  presence  of  Oxygen  is 
essential  to  the  continued  development  of  the  contractile  force ;  and  there 
is  evidence  that,  in  this  development,  a  chemical  change  is  eflFected  in  the 
substance  of  the  Muscle,  which  is  of  a  natui'e  destructive  to  its  integrity 
as  an  organized  tissue.  For,  in  the  first  place,  the  reseai'ches  of  Helm- 
holtz,  just  referred  to  (§  307),  indicate  such  a  change,  fi'om  the  compai'a- 
tive  results  of  Chemical  analysis  of  the  muscle,  before  and  after  the 
violent  excitement  of  its  contractility ;  and  this  is  more  definitely  shown 
by  that  increase  in  the  lactic  acid  (§  49),  and  in  the  creatine  and  creatm- 
ine  (§  61),  obtainable  from  Muscle,  which  is  consequent  upon  its  func- 
tional activity.  But  still  more  decided  evidence  is  given  to  the  same 
effect,  by  the  increase  in  the  excretions  which  is  observable  after  Mus- 
culai-  exertion ;  and  especially  by  the  augmentation  of  the  Carbonic  acid 
set  free  fi-om  the  respiratoiy  organs,  and  by  that  of  the  Urea  eliminated  by 
the  kidneys.  The  amount  of  the  latter,  indeed,  may  be  regai'ded,  cateris 
paribus,  as  an  approximate  indication  of  the  quantity  of  Muscular  tissue 
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which  hcos  undergone  disintegration;  being  increased  or  diminished,  in 
precise  proportion  to  the  degree  of  exertion,  to  which  the  Muscular 
system  has  been  subjected. — It  cannot  but  be  regarded  as  a  probable 
inference  from  these  facts,  that  the  development  of  the  Contractile  force 
is  in  some  way  dei^endent  upon  the  Chemical  change,  which  seems  to  be 
so  essential  a  condition  of  it;  just  as  the  development  of  the  Electric 
force  of  the  galvanic  battery  is  dependent  u]3on  the  new  Chemical  arrange- 
ments, which  take  j)lace  between  the  bodies  brought  to  act  upon  one 
another  in  its  trough. 

312.  The  frequently-renewed  exercise  of  Muscles,  by  producing  a  deter- 
mination of  blood  towards  them,  occasions  an  increase  in  their  nutrition ; 
so  that  a  larger  amount  of  new  tissue  becomes  developed,  and  the  muscles 
are  increased  in  size  and  vigour.  This  is  true,  not  only  of  the  whole 
Muscular  system  when  equally  exercised,  but  also  of  any  particular  set  of 
muscles  which  is  more  used  than  another.  Of  the  former  we  have  exam- 
ples in  those,  who  practise  a  system  of  Gymnastics  adaj)ted  to  call  the 
various  muscles  alike  into  play ;  and  of  the  latter,  in  the  limbs  of  indi- 
viduals who  follow  any  calling,  that  habitually  requires  the  exertion  of 
either  pair,  to  the  partial  exclusion  of  the  other,  as  the  arms  of  the 
Smith,  or  the  legs  of  the  Opera-dancer.  But  this  increased  nutrition 
cannot  take  place,  unless  an  adequate  supply  of  food  be  afforded;  and  if 
the  amount  of  nutritive  material  be  insufficient,  the  result  will  be  a  pro- 
gressive diminution  in  the  size  and  power  of  the  muscles;  which  will 
manifest  itself  the  more  rapidly,  as  the  amount  of  exertion,  and  conse- 
quently the  degree  of  waste,  is  greater.  Nor  can  it  be  effected,  if  the 
exercise  be  too  constant ;  for  it  is  during  the  intervals  of  repose,  that  the 
reparation  of  the  muscular  tissue  occurs;  and  the  Muscular  system,  like 
the  Nervous  (§  360),  may  be  worn  out  by  too  constant  use.  The  more 
violent  the  action,  the  longer  will  be  the  period  of  subsequent  I'epose 
i-equired  for  the  reparation  of  the  tissue :  and  the  longest  time  will  of 
course  be  requisite,  when  (as  sometimes  occurs)  the  contractility  of  the 
muscle  is  so  completely  exhausted  by  excessive  stimulation,  that  no  new 
manifestation  of  it  can  be  excited.  Nevertheless  it  is  certain,  that  there 
must,  be  a  provision  in  some  Muscles,  for  the  continuance  of  their  nutri- 
tion dm-ing  their  state  of  activity;  for  in  no  other  way  could  the  Heart 
•md  Respiratoiy  muscles,  which  are  in  unceasing  action  during  the  whole 
of  life,  be  kept  in  a  state  fit  for  the  discharge  of  their  functions. 

313.  But,  on  the  other  hand,  the  Muscrdar  tissue,  like  all  the  softer 
md  more  decomposable  portions  of  the  organized  fabric,  has  a  limited 
term  of  existence  (§114);  and  hence,  even  if  its  contractility  be  not 
called  into  exercise,  it  undergoes  a  gradual  disintegration,  so  soon  as  all 
the  nutritive  changes  of  which  its  component  cells  are  susceptible,  have 
l)een  completed.  This  change  seems  to  be  a  necessary  consequence  of  the 
liigh  temperature  of  the  bodies  of  warm-blooded  animals;  for  it  does  not 
)ccur  with  nearly  the  same  rapidity  in  cold-blooded  Animals,  nor  in  the 
liybernating  condition  of  certain  wai'm-blooded  Mammalia;  indeed,  wlien 
tlic  temperature  of  the  body  is  reduced  to  within  a  few  degrees  of  the 
freezing  point,  no  chemical  change  seems  possible  in  muscle, — its  spon- 
taneous decay,  and  its  vital  activity,  being  alike  checked.  Now  when  a 
Muscle  or  set  of  Muscles,  in  a  warm-blooded  animal,  is  reduced  to  a  state 
>f  prolonged  inactivity,  from  whatever  cause,  its  supply  of  blood  is  dimi- 
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nishcd,  and  its  spontaneous  decay  is  not  compensated  by  an  equally  active 
renewal;  so  that,  in  time,  the  chai'acters  of  the  structure  are  cliaiigcd, 
and  its  distinguishing  properties  are  no  longer  presented.    Thus  it  was 
found  by  Dr.  John  Reid,*  that  in  a  rabbit,  a  portion  of  whose  sciatic 
nerve  liad  been  removed  on  one  side,  the  muscles  of  that  leg  were  but 
very  feebly  excited  to  contraction  by  Galvanisixi,  after  the  lapse  of  seven 
weeks.    The  change  in  then-  nutrition  was  evident  to  the  eye,  and  wa.s 
made  equally  apparent  by  the  balance.    The  muscles  of  the  paralysed 
limb  were  much  smaller,  paler,  and  softer,  than  the  corresponding  muscles 
of  the  opposite  leg;  and  they  scarcely  weighed  more  than  half, — being 
only  170  gi-ains,  whilst  the  others  were  327  gi-ains.    It  was  found  also, 
that  a  perceptible  diiference  existed  in  the  size  of  the  bones  of  the  leg, 
even  after  so  short  an  interval  had  elapsed;  the  tibia  and  fibula  of  tlie 
paralysed  limb  weighing  only  81  grains,  whilst  those  of  the  sound  limb 
weighed  89  gi'ains.    On  examining  the  muscular  fibres  with  the  micro- 
scope, it  was  found  that  those  of  the  paralj'sed  leg  were  considerably 
smaller  than  those  of  the  sound  limb,  and  pi'esented  a  somewhat  shrivelled 
appearance ;  and  that  the  longitudinal  and  transverse  striie  were  much 
less  distinct.    So  in  persons  whose  lower  extremities  have  been  long  dis- 
used, the  muscles  first  become  pale  and  flabby;  their  bulk  gradually 
diminishes;  their  contractile  force  progressively  decreases,  and  at  last 
departs  almost  entirely;  and  their  proper  structure  is  replaced  by  a 
deposit  of  fat,  intermixed  with  ordinai-y  fibrous  tissue,  in  which  few  or  no 
characteristically-striated  muscular  fibres  can  be  detected.    But  muscles 
that  have  for  some  time  remained  in  this  condition  may  be  gradually 
brought  back  to  their  original  state  by  exercise,  provided  that  the  feeblest 
contractility  remains;  for  every  action  which  they  can  be  made  to  per- 
form, determines  an  augmented  flow  of  blood  through  the  tissue,  and 
gives  rise  to  an  improvement  in  its  nutrition,  which  in  its  turn  increases 
its  contractility,  and  renders  it  capable  of  more  vigorous  action.  This 
principle  is  of  great  importance  in  the  treatment  of  various  fonns  of 
paralysis  (especially  the  hysterical),  in  which  the  muscles  ai'C  thi-own  out 
of  use  by  the  suspension  of  the  functional  power  of  the  nerves ;  for,  when 
the  latter  have  recovered  their  capacity,  the  muscles  refuse  obedience  to 
their  stimulation,  and  can  only  be  brought  to  act  by  persevering  and 
judiciously-contrived  exercise. — But  notwithstanding  the  energy  of  nutii- 
tion  in  Muscular  tissue,  the  rapid  interstitial  change  which  takes  place 
in  it  when  actively  exercised,  aiid  the  complete  restoration  of  its  normal 
constitution  after  degeneration  from  disuse,  it  is  doubtful  if  any  true 
regeneration  ever  takes  place  in  it,  when  there  has  been  actual  loss 
of  substance.    Wounds  of  Muscles  are  united  by  Areolar  tissue,  which 
gradually  becomes  condensed ;  but  its  fibres  never  require  any  degree  of 
contractility. 

314.  The  property  of  Contractility  on  the  application  of  a  stimulus, 
appears  to  be  limited,  in  the  fully-developed  Human  organism,  to  the  two 
forms  of  Muscular  tissue  which  have  been  now  described ;  several  tissues 
which  exhibit  it,  and  which  yet  do  not  present  any  obvious  evidence  of 
muscular  structure,  having  been  shown  by  Prof.  KoUiker  to  contain  the 

*  "Edinburgh  Monthly  Journal  of  Medical  Science,"  May,  1841  ;  and  "Physiological, 
Anatomical,  and  Pathological  Researches,"  p.  10. 


FUNCTIONS  OP  MUSCULAR  TISSUE. 


309 


fusiform  cells  which  constitute  the  non-striated  fibre.  It  is  characteristic 
of  Animal  contractility,  as  distinguished  from  that  which  is  concerned  in 
pi'oducing  the  sensible  movements  of  Plants,  that  whilst  it  is  capable  of 
being  Ciilled  into  play  by  stinmli  of  various  kinds  (mechanical,  chemical, 
electrical,  &c.),  which  also  act  upon  the  Vegetable  contractile  tissues,  yet 
it  is  excited  in  addition  by  the  stimulus  of  Innervation,  that  is,  by  the 
operation  of  Nervous  force,  to  which  the  tissues  of  Plants  are  not  amen- 
able.* And  it  is  when  its  peculiar  property  is  thus  made  to  display  itself, 
that  the  Muscular  tissue  becomes  the  instrument  of  the  operation  of  the 
Nervous  system  upon  the  external  world,  and  thus  performs  an  important 
part  in  the  purely  Animal  Functions. — The  Muscular  tissue,  however,  is 
not  always  thus  called  into  activity  through  the  medium  of  the  Nervous 
system ;  for  it  is  employed  to  execute  numerous  movements,  which  are 
immediately  connected  with  the  maintenance  of  the  Organic  functions, 
and  in  which  the  influence  of  Innervation  seems  to  be  but  little  con- 
cciiied ;  its  contractility  being  excited  to  action  by  stimuli  directly  applied 
to  itself — The  two  forms  of  Muscular  tissue,  the  striated  and  the  non- 
striated,  are  for  the  most  part  appropriated  to  these  two  purj)oses  respec- 
tively; the  former  being  the  kind  most  readily  acted-on  through  the 
Nei-vous  system,  and  being  invariably  employed  in  the  Muscles  that  are 
orchuarily  called  into  action  by  its  influence ;  whilst  the  latter  is  with 
difticulty  excited  to  contraction  through  the  Nervous  System,  and  is 
usually  employed  in  Muscles  whose  action  is  altogether  uncontrollable 
by  the  will. 

315.  This  general  property  of  Contractility  shows  itself  under  two 
forms,  which  are  alike  distinct  in  the  mode  of  their  action,  and  in  the 
conditions  requisite  for  its  excitation.  —  Its  most  obvious  and  striking 
manifestations  j)resent  themselves  in  the  Voluntary  muscles  and  in  the 
Heart;  which,  when  in  activity,  exhibit  powerful  contractions  tending  to 
alternate  with  relaxations.  The  modification  ,of  contractility  which  is 
concerned  in  producing  these>  is  distinguished  as  Irritability. — On  the 
other  hand,  we  find  that  the  muscles  exhibit  a  tendency  to  a  moderate 
and  permanent  contraction,  which  is  not  shown  by  them  when  they  are 
dead,  and  which  cannot,  therefore,  be  the  result  of  elasticity,  or  of  any 
simple  physical  property ;  and  this  contraction,  instead  of  being  consequent 
upon  stimulation  through  the  nerves,  is  especially  excited  by  changes  of 
temperature  in  the  tissue  itself  This  endowment,  which  seems  to  exist  in 
the  greatest  amount  in  certain  forms  of  the  non-striated  muscle,  is  called 
Tonicity.  —  These  two  modifications  of  Muscidar  Contractility  require  a 
separate  consideration. 

31 G.  Of  Muscular  Irritability. — All  Muscular  Fibres  which  are  in 
possession  of  vital  activity,  may  be  caused  to  contract  by  stimuli  directly 
applied  to  themselves;  and  these  stimuli  may  bo  of  different  kinds.  The 
simplest  is  the  contact  of  a  solid  substance,  especially  if  it  be  pointed ; 
thus  we  may  excite  contractions  in  Muscular  fibres,  by  simply  touching 
tliem  with  the  point  of  a  needle  or  of  a  scalpel.  Most  substances  of  strong 
chemical  action,  such  as  acids  and  alkalies,  will  excite  the  fibres  to  con- 
traction, when  directly  applied  to  themselves;  but  the  most  powerful 
agent  of  all  is  Electricity. — If  we  irritate  mechanically  a  portion  of  a 

*  Sec  "Priiic.  of  Phys.,  Cicn.  jiiid  Coinp.,"  chap.  xi.\. 
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muscle  composed  of  striated  fibre,  the  biceps  for  example,  the  fasciculus  of 
fibres  which  is  touched  will  immediately  coutract,  and  that  oue  ouly ;  and 
the  contracted  fascictilus  will  soon  relax,  without  communicating  its 
movements  to  any  other.    The  Heart,  however,  exhibits  a  difierent  action, 
which  is  probably  dependent  upon  the  pecuUar  arrangement  of  its  fibres, 
whereby  the  contraction  of  one  set  gives  a  mechanical  stimulation  to 
others ;  for  the  muscular  substance  of  a  large  part  of  the  organ  is  thro\STi 
into  rapid  and  energetic  contraction,  by  a  stimulus  applied  at  any  one 
point ;  and  this  contraction  is  speedily  followed  by  relaxation,  which  is 
again  succeeded  by  a  number  of  alternating  contractions  and  relaxations. 
On  the  other  hand,  if  we  apply  a  similar  irritation  to  a  portion  of  non- 
striated  fibre,  as  that  of  the  Intestinal  canal,  the  fasciculus  which  is 
stimidated  will  contract  less  suddenly,  but  ultimately  to  a  greater  amount ; 
its  relaxation  will  be  less  sj^eedy ;  and,  before  it  takes  place,  other  fasci- 
ciili  in  the  neighbourhood  begin  to  contract;  their  contraction  propagates 
itself  to  others ;  and  so  on.    In  this  manner,  successive  contractions  and 
relaxations  may  be  produced  throiigh  a  considerable  part  of  the  canal,  by 
a  single  prick  with  a  scalpel;  a  sort  of  wave  of  contraction  being  trans- 
mitted in  the  direction  of  its  lengtli,  and  being  followed  by  relaxation. 
Again,  in  the  Muscidar  structm-e  of  the  Bladder  and  Uterus  (when  the 
latter  is  fully  developed),  direct  irritation  excites  immediate  and  poweifiil 
contractions,  which  extend  beyond  the  fascicidus  actually  irritated,  and 
produce  a  great  degree  of  shortening;  but  they  do  not  alternate,  in  the 
healthy  state,  with  any  rapid  and  decided  elongation.    And  in  the  mus- 
cular tissue  of  the  middle  coat  of  the  Arteries,  the  conti'action  takes  place 
nearly  in  the  same  manner;  a  considerable  degree  of  shortening  being 
effected  by  the  contraction  of  other  fasciculi  than  those  dkectly  iri'itated, 
and  tills  shortening  not  giving  way  speedily  to  relaxation;  but  a  pro- 
longed application  of  the  stimulus  is  often  necessary  to  produce  the  effect, 
— The  effects  of  Electrical  stimulation  applied  to  the  Muscles  themselves, 
are  very  similar;  but  it  is  more  difficult  to  confine  the  irritation  to  par- 
ticidai'  fasciculi  of  a  voluntary  muscle,  and  more  easy  to  throw  the  whole 
mass  into  contraction  at  once  by  the  transmission  of  a  slight  charge 
through  it;  and  on  certain  forms  of  the  non-striated  fibre,  the  electric 
stimulus  produces  effects  more  decided  than  can  be  evoked  in  any  other 
way.    The  difference  in  the  endowments  of  the  two  kinds  of  tissue  is 
particularly  well  seen,  when  they  are  subjected  to  the  magneto-galvanic 
apparatus,  which  transmits  a  rapid  succession  of  slight  electric  shocks; 
for  these,  in  the  stiiated  muscles,  immediately  excite  a  state  of  rigid  con- 
traction, which  lasts  as  long  as  the  stimulus  is  transmitted,  but  ceases 
immediately  that  it  is  withdi'awn;  whilst  in  the  non-striated  fibres,  the 
contraction  is  slowly  excited,  sometimes  alternates  with  rest,  and  con- 
tinues for  a  time  after  the  electric  discharges  have  ceased.    Of  this  form 
of  contractility,  the  muscidar  coats  of  the  smaller  arteries  afford  a  pai'ti- 
cularly  good  example ;  for  they  may  be  made  to  contract  by  the  magneto- 
galvanic  apparatus,  until  they  become  quite  impervious  to  blood ;  and  yet 
the  contraction  neither  takes  place  immediately  upon  the  application  of 
the  stimulus,  nor  does  it  give  place  to  relaxation  directly  that  it  is 
intermitted.* 

*  See  Prof.  Weber's  roscjuclies  upon  this  subject,  in  Wagner's  "  Handworterbucli  der 
Physiologie,"  Art.  '  Muslu-lbewegung ;'  and  "  MUller's  Archiv.,"  1847,  band  ii. 
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317.  Ou  the  other  hand,  when  the  stimuli  which  cxite  Muscular 
Ooutractility  ai'e  applied  to  the  nerves  which  supply  any  muscle  composed 
of  striated  fibre  (the  Heart  only  excepted),  they  produce  a  simultaneous 
contraction  in  the  whole  muscle ;  the  effect  of  the  stimulus  being  at  once 
exei-ted  upon  every  part  of  it.  The  contraction  sjDcedily  alternates  with 
relaxation,  unless  the  operation  of  the  stimulus  be  continued, — as  when  an 
electric  cm-rent  is  propagated  without  intermission  along  the  nerve-trunks, 
— in  which  case  the  contraction  lasts  as  long  as  the  stimulus  is  continu- 
ously applied,  but  ceases  as  soon  as  it  is  withdrawn.    But  it  has  been 

-1  ^  shown  by  Volkmann,*  that,  if  the  electric  stimulus  be  applied  to  the  cen- 
tral organs  from  which  the  motor  nerves  arise,  the  muscular  contraction 
continues  for  some  time  after  its  withdrawal.  Further,  he  found  that  when 
the  continuous  electric  current  was  passed  through  incident  or  exciter 
nerves,  it  produced  alternating  movements  of  contraction  and  relaxation, 
in  the  muscles  which  were  thus  called  into  play  by  reflex  stimulation. — 
The  ordinary  actions  of  the  non-striated  fibre,  on  the  other  hand,  are  not 
easily  excitable  by  stimuli  applied  to  their  nerves;  indeed  many  Physio- 
logists have  denied  the  possibility  of  producing  them  through  this  channel. 
Abundant  evidence  that  they  are  thus  excitable,  however,  although  the 
excitability  speedily  ceases  after  death,  will  be  given  hereafter  (chap.  xiv. 
SECT.  6).  The  results  of  Volkmann's  recent  electrical  experiments  upon 
the  Heart  and  the  Intestinal  Canal  are  of  much  interest.  He  found  that 
neither  of  these  organs  is  tkrown  into  fixed  contraction,  when  the  con- 
tinuous electric  cm-rent  is  applied  to  the  Brain  and  Spinal  Cord;  whence 
he  concludes  that  these  organs  are  not  the  centres  of  their  motor  nerves. 
On  the  other  hand,  alternating  contractions  and  relaxations  were  produced 
on  applying  the  continuous  current  to  the  spinal  cord,  the  par  vagum, 
and  the  sympathetic  nerves ;  whence  it  may  be  concluded  that  these  parts 
contain  afferent  fibres,  which  excite  motion  through  centres  that  can 
scarcely  be  any  others  than  the  ganglia  qf  the  Sympathetic  system. 
WTien  the  Heart  is  removed  from  the  body,  and  is  left  entire,  it  may  be 
thrown  into  a  state  of  fixed  contraction,  which  lasts  after  the  cessation  of 
the  cm-rent  j  whence  it  may  be  concluded,  that  it  contains  the  centre  of 
its  own  motor  nerves. t — These  experiments,  however,  by  no  means  war- 
rant the  conclusion,  that  the  ordinary  actions  of  these  muscular  oi'gans 
are  dependent  upon  the  agency  of  their  nerves  j  a  doctrine  which  is  opposed 
by  a  variety  of  evidence. 

318.  The  general  fact,  that  Muscular  contraction  alternates  with 
relaxation  at  no  long  intervals,  is  most  evident  in  the  rhythmical  move- 
ments of  the  Heart,|,  and  in  the  peristaltic  action  of  the  Intestinal  canal ; 

*  "  Mullet's  Archiv.,"  1844,  No.  5,  p.  407. 

+  Op.  cit. ;  and  Mr.  Paget's  '  Report'  for  1845,  in  "  Brit,  and  For,  Med.  Rev."  July 
184G.  ^ 
_  +  Some  curious  rhythmical  movements  have  been  observed  by  M.  Brown-Sequard,  in  the 
diaphragm,  intercostals,  and  some  of  the  muscles  of  locomotion,  both  after  death,  and  after 
section  of  their  nerves  during  life.  These  movements  could  not  be  in  any  way  dependent 
upon  reflex  action,  because  they  took  place  when  the  muscles  were  completely  cut  off 
from  the  nervous  centres ;  sometimes  to  the  number  of  from  .5  to  20  in  a  minute,  and  for  as 
long  as  a  quarter  of  an  hour  after  death ;  and  occasionally  recurring,  in  a  living  animal  for 
many  months  afterwards,  especially  when  the  respiration  was  impeded,  and  the  circulation 
hurried. — The  fact  is  of  much  importance,  as  showing  that  the  rhythmical  movements  of  the 
heart  arc  by  no  means  so  exceptional  (among  the  muscles  composed  of  striated  fibre)  as  they 
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since  in  these  parts,  the  whole  or  a  large  proportion  of  the  fibres  seem  to 
contract  together,  and  then  shortly  relax.  But  it  is  probably  no  less  true, 
as  formerly  stated  (§  303),  of  the  individual  fibres  of  those  muscles,  which 
are  kept  in  a  state  of  contraction  by  a  stimulus  transmitted  through  their 
nerves ;  since  none  of  them  appear,  under  ordinary  circumstances  at  least, 
to  remain  in  a  contracted  state  for  any  length  of  time ;  a  constant  inter- 
change of  condition  taking  place  among  the  fibres,  some  contracting  whilst 
others  are  relaxing,  and  vice  versd.  It  is  difficult  to  speak  with  confidence, 
however,  in  regard  to  the  condition  of  the  individual  fibres  of  a  muscle, 
that  is  thrown  into  a  state  of  contimted  spasmodic  contraction ;  such  as 
that  produced  by  the  application  of  the  electric  current  to  the  centre  of 
its  motor  nerves  (§  317).  A  state  of  this  kind  is  often  of  considerable 
duration.  Thus  the  Author  has  known  a  case  of  Hysteric  Trismus,  in 
which  the  jaws  remained  closed  with  the  greatest  fii'mness  during  five 
days.  Whether  the  indiAddual  fibres,  in  such  instances,  maintain  a  state 
of  contraction  without  intermission,  or  whether  the  contraction  of  the 
entii'e  muscle  is  kept  up  by  a  continual  interchange  of  the  fibres  actually 
engaged,  is  a  very  curious  subject  for  inqvihy. 

319.  Muscles  do  not  lose  their  Ix-ritability  immediately  on  the  general 
death  of  the  system,  which  must  be  considered  as  taking  place,  when  the 
circulation  ceases  without  a  power  of  renewal;  in  cold-blooded  animals  it 
is  retained  much  longer  after  this  period,  than  in  the  higher  Vertebrata 
in  some  of  which  it  disappears  within  an  hour.  The  muscles  of  young 
animals  generally  retain  their  irritability  for  a  longer  time  than  those  of 
adults ;  on  the  other  hand,  those  of  Birds  lose  their  irritability  sooner 
than  those  of  Mammalia.  Hence,  as  a  general  ride,  the  duration  of  the 
irritability  is  inversely  as  the  amount  of  respiration.  From  experiments 
on  the  bodies  of  executed  criminals,  who  were  previously  in  good  health, 
Nysten  ascertained  that,  in  the  Human  subject,  the  irritability  of  the 
several  muscular  structures  departs  in  the  following  time  and  order  : — 
The  left  ventricle  of  the  heart  first ;  the  intestinal  canal  at  the  end  of  45 
or  55  minutes;  the  urinary  bladder  nearly  at  the  same  time;  the  right 
ventricle  after  the  lapse  of  an  hour ;  the  oesophagus  at  the  expiration  of 
an  hour  and  a  half;  the  iris  a  quarter  of  an  hour  later;  the  muscles  of 
Animal  Hfe  somewhat  later;  and  lastly,  the  auiicles  of  the  heai-t,  especially 
the  right,  which  in  one  instance  contracted  under  the  influence  of  galva- 
nism 16^  hours  after  death.  It  wiU  be  presently  shown  that  the  depar- 
ture of  the  irritabihty  is  entirely  dependent  upon  the  cessation  of  the  cir- 
culation ;  and  that  it  may  be  prevented  fi:-om  disappearing,  and  may  even 
be  recalled  after  it  has  ceased  to  manifest  itself,  by  transmitting  a  cm-rent 
of  lU'terial  blood  through  the  muscles  (§  323). 

320.  Muscular  Irritabihty  is  deadened  by  many  substances,  especially 
by  those  which  have  a  narcotic  or  sedative  action  on  the  Nervous  system. 
In  carbonic  acid  gas,  hydi'ogen,  carbonic  oxide,  or  sulphurous  acid  gas, 
muscles  contract  very  feebly,  or  not  at  all,  when  stimulated;  whilst  in 
oxygen  they  retain  their  irritability  longer  than  usual.  Narcotic  substances, 
such  as  a  watery  solution  of  opium,  when  applied  directly  to  the  muscles, 
have  an  immediate  and  j)owerful  effect  in  diminishing  or  even  destroynig 

are  usually  accounted  ;  and  also  tliat  tliere  is  a  tendency  to  rhythmical  movement  in  the 
muscles  themselves,  altogether  independent  of  the  excitement  to  action  whicli  they  receive 
through  the  nervous  system.    ("Gazette  Medicale,"  Dec.  22,  1849.) 
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their  irritability ;  tliis  effect  is  also  produced,  though  in  a  less  poweiful 
1  degree,  by  injecting  these  substances  into  the  blood.  In  the  same  manner, 
venous  blood,  charged  with  carbonic  acid,  and  deficient  in  oxygen,  has  the 
.eftect  of  a  poison  upon  muscles;  diminishing  their  irritability,  when  it 
I  continues  to  circulate  through  them,  to  such  a  degree,  that  they  sometimes 
Hose  it  almost  as  soon  as  the  circulation  ceases,  as  is  seen  in  those  who 
:  have  died  from  gradual  and  therefore  prolonged  Asphyxia.  The  unfavour- 
,  able  influence  of  venous  blood  is  also  shown  in  the  Morbus  Coeruleus ; 
!  patients  affected  with  which  are  incapable  of  any  considerable  muscular 
.V  exertion. — Although  most  of  the  stimuli  which  occasion  the  contraction  of 
I  muscles,  when  directly  applied  to  their  fibres,  operate  also  when  applied  to 
t  their  motor  nerves,  the  same  does  not  hold  good  in  regard  to  those  agents 
1  which  diminish  instability.  It  is  a  fact  of  some  importance,  in  relation 
t  to  the  disputed  question  of  the  connection  of  muscular  irritability  with 
tthe  nei'vous  system,  that  when,  by  the  application  of  narcotic  substances 
tto  the  Nerves,  their  vital  properties  are  destroyed,  the  irritability  of  the 
'Muscle  may  remain  for  some  time  longer;  showing  that  the  latter  must 
I  be  independent  of  the  former.  This  was  proved  some  years  since  by 
IDr.W.  H.  Madden;*  and  Dr.  Harless  has  more  recently  found  that  when 
t  the  neiw^ous  system  had  been  rendered,  by  the  inhalation  of  ether,  utterly 
i  incapable  of  conveying  a  galvanic  stimulus,  applied  either  to  the  nervous 
I  centres  or  to  the  nerve- trunks,  the  same  stimulus,  applied  directly  to 
I  the  muscles,  would  immediately  throw  them  into  powerful  contraction,  t 
Wai'ious  other  experimenters  have  shown,  that  when  the  nerves  supplying 
t  the  muscles  of  a  limb  are  divided,  and  the  animals  are  allowed  to  live, 
I  excitants  applied  to  the  nerves  beyond  the  point  of  division  fail  to  produce 
I  muscular  contractions,  long  before  they  cease  to  do  so  when  applied  to 
tthe  muscles  themselves.  Hence  it  is  obvious  that  the  activity  of  the 
>  Nervous  system  is  not  essential  to  the  manifestation  of  the  characteristic 
t  endowment  of  the  Muscular. 

321.  We  find,  however,  that  sudden  and  severe  injuries  of  the  Nervous 
c  centres  have  power  to  impair,  directly  and  instantaneously,  or  even  to 
destroy,  the  contractility  of  the  whole  Muscular  system ;  so  that  death 
i' immediately  results,  and  no  irritability  subsequently  remains.    It  is  in 
'  this  manner  that  the  sudden  destruction  of  the  Brain  and  Spinal  Cord, 
especially  of  the  latter,  occasions  the  immediate  cessation  of  the  Heart's 
1  action ;  though  they  may  be  gradually  removed,  without  any  considerable 
effect  upon  it.   Severe  conciission  has  the  same  effect;  hence  the  Syncope 
'  which  immediately  displays  itself    It  is  sometimes  an  important  question 
;  in  Forensic  Medicine,  whether  an  individual,  who  has  died  from  the  effects 
of  a  blow  upon  the  head,  could  have  moved  from  the  place  where  the  blow 
*  was  inflicted.    If  there  be  found,,  as  is  ft-equently  the  case,  no  sensible  dis- 
organization of  the  Brain,  the  death  must  be  attributed  to  the  concussion, 
and  must  have  been  in  that  case  immediate.    If,  on  the  other  hand,  effu- 
1  sion  of  blood  has  taken  place  within  the  cranium,  to  any  considerable 
extent,  it  is  probable  that  the  first  effects  of  the  blow  were  in  some  degree 
recovercd-from,  and  that  the  circulation  was  re-established. — It  is  not 
essential,  however,  that  the  impression  should  be  primai'ily  made  upon 

*  "  Reports  of  the  Britibli  Association,"  1837,  p.  103. 
t  "  Miiller's  Archiv.,"  1847,  biintl  ii. 
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the  Cerebro-Spiual  system.  The  well-known  fact  of  sudden  death  u(jt 
unfrequently  resulting  from  a  blow  on  the  stomach,  especially  after  a  full 
meal,  without  any  percejitible  lesion  of  the  viscera,  clearly  indicates  that 
an  impression  upon  the  widely-spread  coeliac  plexus  of  Sympathetic 
nerves  (which  will  be  much  more  extensively  communicated  to  them, 
when  the  stomach  is  full,  than  when  it  is  empty),  may  cause  the  imme- 
diate cessation  of  the  Heart's  action,  in  the  same  manner  as  a  violent 
injury  of  the  Brain  or  Spinal  Cord.  In  all  these  cases,  iheivhole  vitality  of 
the  system  appears  to  be  destroyed  at  once ;  for  the  processes  which  would 
otherwise  succeed  to  the  injiuy,  and  which,  after  other  kinds  of  death 
less  sudden  in  then-  character,  produce  evident  changes  in  the  part  of  the 
surface  that  has  immediately  received  it,  are  here  entirely  prevented.  An 
instance  is  on  record,  in  which  a  criminal  under  sentence  of  death  detei-- 
mined  to  anticipate  the  law  by  self-destruction.  Having  no  other  means 
of  accomplishing  his  purpose,  he  stooped  his  head  and  ran  violently  against 
the  wall  of  his  cell;  he  immediately  fell  dead;  and  no  mark  of  contusion 
showed  itself  on  his  forehead.  The  same  absence  of  the  usual  results  is  to 
be  noticed,  in  the  case  of  blows  on  the  stomach.  Yet  it  is  well  known, 
that  many  of  the  ordinary  vital  processes  will  take  place  in  the  injm-ed 
parts,  after  death  of  a  more  lingering  nature ;  the  vitality  of  the  individual 
organs  not  being  destroyed,  immediately  on  the  severance  of  the  chaiu 
which  binds  together  the  difterent  fimctions. — The  influence  of  severe 
impressions  on  the  Nervous  system,  in  di7ninishi7ig,  where  it  does  not 
altogether  destroy,  Muscular  irritability,  is  well  seen  in  the  operation  of 
severe  inj  uries  affecting  vital  organs,  or  extending  over  a  large  part  of  the 
surface,  in  depressing  the  Heart's  action.  This  is  a  well-known  result  of 
severe  burns,  especially  in  childi-en,  whose  nervous  system  is  more  sus- 
ceptible of  such  impressions  than  that  of  the  adult;  also  of  the  ruptm-e 
of  the  alimentaiy  canal,  of  the  bladder  or  uterus;  and  of  the  shattering 
of  one  of  the  extremities,  by  violence  affecting  a  large  part  of  their  sub- 
stance. In  aU  these  cases,  the  sufferer  is  in  the  same  condition  with  one 
who  has  received  a  severe  blow  on  the  head  that  does  not  quite  stun  him; 
the  shock  immediately  diminishes  the  muscular  contractility  of  the  whole 
system ;  and  its  influence  on  the  heart,  which  of  com-se  manifests  itself 
most  conspicuously,  produces  a  degi-ee  of  depression,  which  is  fi*equently 
never  recovered-fi-om,  and  which  at  any  rate  renders  necessary  the  em- 
ployment of  stimulants,  for  the  purpose  of  counteracting  this  very  dan- 
gerous effect.*  Excessive  mental  Emotion,  of  a  kind  not  in  itself 
depressing,  may  occasion  the  sudden  cessation  of  the  heart's  action,  and 
a  general  loss  of  muscular  irritability ;  and  it  is  well  known  that  muscular 
power  is  gi-eatly  diminished  by  emotions,  which  produce  no  other  direct 
action. 

322.  There  is  no  evidence  that  Muscular  irritabihty  can  be  increased\)y 

*  The  large  quantity  of  stimulus  which  can  be  borne  even  by  children,  suffering  under 
severe  burns,  is  very  extraordinary.  There  can  be  no  doubt  that  many  lives  have  been 
saved  by  the  judicious  administration  of  them,  to  an  amount,  which  would  a  jmori  have 
been  judged  in  itself  fatal  ;  but  that  many  more  have  been  sacrificed  to  neglect,  even  on  the 
part  of  those  whose  duty  it  is  to  watch  the  indications  with  the  closest  attention.  The 
Author's  observations  lead  him  to  believe,  that  Hospital  Nurses  very  commonly  make  up 
their  minds,  that  children,  who  have  met  with  severe  burns,  must  die  ;  and  that,  unless 
closely  watched,  they  neglect  the  means,  of  which  Science  and  Experience  alike  dictate  the 
free  employment. 


FUNCTIONS  OF  MUSCULAR  TISSUE. 


315 


iiy  cause  operating  thi-ough  the  Nervous  system.    It  is  quite  true  that 

I under  the  agency  of  alcohol,  nitrous  oxide,  or  some  of  the  other  substances 
that  rank  as  stimulants,  individuals  can  perform  actions  requiring  a  degree 
of  strengtli,  which  they  cannot  exert  under  ordinary  circumstances.  But 
it  does  not  hence  follow  that  the  irritability  is  increased ;  since  the  energy 
j  of  the  movement  is  attributable  solely  to  the  increase  of  the  nervous 
power  by  which  it  is  excited,  and  to  the  unusual  number  of  fibres  called 
iuto  simultaneous  contraction.    We  have  numerous  examples  of  tliis 
l^ind,  in  cases  in  wliich  the  stimulus  is  purely  mental;  a  state  of  general 
\  emotional  excitement  producing  a  temporary  augmentation  of  the  nerve- 
j  force  transmitted  to  the  muscular  system,  as  is  seen  in  violent  fits  of 
I  passion,  and  still  more  in  Mania ;  or  an  extraordinary  amount  of  nerve- 
force  being  determined  to  particular  groups  of  muscles  by  the  concentra- 
tion of  the  attention  upon  them,  in  peculiar  states  of  Abstraction,  without 
t  any  emotional  excitement  whatever  (see  chap,  xiv.,  sect.  7).    It  is  well 
Ivuown  that  stimulating  agents,  which  temporarily  increase  Muscular 
[)0wer,  primai'ily  excite  the  Nervous  system;  as  is  shown  by  the  increased 
,  mental  activity,  which  results  from  the  moderate  use  of  alcohol,  nitrous 
f  I  oxide,  opium,  &c. ;  and  it  does  not  seem  necessary,  therefore,  to  go 

fm-ther,  in  search  of  an  explanation  of  their  effect  on  muscular  action. 
,     323.  There  can  be  no  question  that  the  condition  most  essential  to  the 
I  maintenance  of  Muscular'  contractility,  is  an  adequate  supply  of  material 
I  blood.  It  is  well  known  that,  when  a  ligatm-e  is  applied  to  a  large  arterial 
trunk  in  the  Human  subject,  there  is  not  only  a  deficiency  of  sensibility 
iu  the  surface,  but  also  a  partial  or  complete  suspension  of  muscular 
power,  until  the  collateral  circulation  is  established.    The  same  result 
lias  been  constantly  attained,  in  experiments  upon  the  lower  Animals; 
the  contractility  of  the  muscle  being  impau'ed  or  altogether  extin- 
iLiished,  when  the  flow  of  blood  into  it  was  arrested  ;   and  being 
l  ecovered  again,  w^hen  the  supply  of  blood  was  restored. — The  recent 
experiments  of  M.  Brown-Sequard  on  this  subject  are  still  more  satis- 
factory, as  showing  that  the  contractihty  of  muscles  may  be  restored 
by  the  transmission  of  aerated  blood  through  them,  after  it  has  entirely 
ceased,  and  has  even  given  place  to  cadaveric  rigidity  (§  333).    Thus  he 
fomid  that  when  he  connected  the  aorta  and  vena  cava  of  the  body  of  a 
rabbit  which  had  been  some  time  dead,  and  in  which,  the  cadaveric  rigidity 
had  already  manifested  itself  for  between  ten  aud  twenty  minutes,  with 
the  coiTesponding  vessels  of  a  living  rabbit,  so.  as  to  re-establish  the  circu- 
lation iu  the  lower  extremities,  the  rigidity  disappeared  in  from  six  to  ten 
minutes,  and  in  two  or  three  minutes  afterwards  the  muscles  contracted 
'>n  being  stimulated.    He  has  subsequently  made  similar  experiments 
upon  the  muscles  of  a  decapitated  criminal;  the  hand  being  selected  as  a 
convenient  part  for  the  purj)ose.    It  was  not  until  nearly  12^  hours  after 
•  leath,  that  all  traces  of  irritability  had  left  the  muscles;  and  the  injection 
was  not  commenced  until  45  minutes  after  this,  cadaveric  rigidity  having 
appeared  in  the  interval.    About  half  a  pound  of  human  blood,  which 
had  been  defiljrinated  and  freely  exposed  to  the  air  so  as  to  acquire  the 
arterial  tint,  was  then  injected  at  intervals  for  about  thirty-five  minutes; 
ten  minutes  after  the  last  injection,  the  greater  number  of  the  nuiscles 
were  found  to  be  iiritable;  and  these  remained  so  for  two  hours,  after 
wliich  the  contractility  gradually  departed,  and  was  succeeded  by  cada- 
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vei'ic  rigidity.  The  blood  which  had  been  injected  in  an  avterialized  con- 
dition, issued  from  the  vessels  qnito  dark ;  and  as  this  occiu-red  over  and 
over  again,  the  change  of  hue  conld  not  be  attributed  to  anythmg  else 
than  the  reaction  between  the  blood  and  the  tissues. — Similar  experi- 
ments were  made  27  hours  after  death,  upon  the  muscles  of  the  foot  of 
the  same  criminal;  but  with  an  entirely  negative  result,  save  that  the 
blood  wliich  was  injected  returned  of  a  considerably  darker  hue.* 

324.  Tlie  influence  of  supply  of  Arterial  blood  upon  the  Muscles  is 
twofold ; — it  affords  the  materials  for  the  nutrition  of  the  tissue  ; — and  it 
furnishes  (what  is  jDerhaps  more  immediately  necessary)  the  supply  of 
oxygen  required  for  that  onetamorphosis  of  the  tissue,  which  seems  to  be 
an  essential  condition  of  the  generation  of  its  contractile  force.  As  tliis 
oxygen  is  taken-in  through  the  lungs,  and  as  the  greater  part  of  it  is 
thrown  off  (when  united  with  carbon  into  carbonic  acid)  by  the  same 
channel,  we  should  expect  to  find  a  very  close  correspondence  between 
the  amount  of  musculiu-  power  developed  in  an  animal,  and  the  quantity 
of  oxygen  consumed  in  its  respiration :  and  this  is  in  reality  the  case. 
Wo  find,  for  example,  that  in  Birds  and  Insects,  whose  respiration  is  the 
highest,  the  muscular  power  is  gi'eatcr  in  proj^ortion  to  their  size,  than  in 
any  other  animals.  In  the  Mammalia  and  certain  Fishes  that  might  be 
almost  called  warm-blooded,  it  is  only  in  a  degree  inferior.  But  in  the 
cold-blooded  Reptiles,  Fishes,  and  Mollusca,  the  muscular  power  is  com- 
paratively feeble  ;  though  even  here  we  trace  gradations,  which  accord 
well  with  the  relative  quantities  of  oxygen  consumed.  But  in  proj)ortiou 
to  tlie  feebleness  of  the  power,  do  we  usually  find  its  duration  greater 
(§  319);  so  that  it  is  not  so  immediately  dependent  upon  the  supply  of 
oxygen,  in  cold-blooded,  as  in  warm-blooded  animals.  Thus,  it  is  found 
that  Frogs  are  still  capable  of  voluntary  movement  after  the  heart  has 
been  cut  out,  and  can  move  limbs  which  are  connected  with  the  trunk 
by  the  nerves  alone :  and  that  this  power  is  not  altogether  due  to  the 
blood  which  may  remain  in  the  capillary  vessels,  is  shown  by  the  exj^eri- 
ment  of  Miiller,  who  found  the  muscles  still  contractile,  after  he  had 
expelled  all  the  blood,  by  forcing  a  current  of  water  into  an  artery,  until 
it  escaped  from  the  divided  veins. — It  seems  probable  that  the  Muscles 
of  Organic  life  are  less  immediately  dependent  upon  a  supjjly  of  ai-teri;d- 
ised  blood,  than  are  those  of  Animal  life  ;  for  the  Heai't  wiU  continue  to 
contract,  when  the  blood  in  its  vessels  is  entirely  venous,  and  when  the 
circulation  in  it  has  come  to  a  stand.  Still  the  dependence  of  its  action 
upon  a  constant  supply  of  arterial  blood,  is  very  close ;  and  in  all  animals, 
however  different  the  plans  of  their  circulation,  we  find  a  provision  for 
this  supply,  by  a  special  arrangement  of  the  coronary  arteries.  That  the 
heart's  action  comes  to  an  end  much  sooner,  after  the  destruction  of 
animal  life  by  lyithing,  when  the  coronary  arteries  have  been  tied,  than 
when  they  are  left  untouched,  has  been  proved  by  the  experiments  of 
Mr.  Erichsen.t  In  an  animal  that  has  been  pithed,  but  whose  heai-t  has 
been  left  intact,  artificial  respiration  wiU  easily  keep  up  its  action  for 
an  hour,  or  an  .horn-  and  a  half.  But  when  the  coronary  ai-teries  Avere 
tied,  a  mean  of  six  experiments  gave  a  duration,  for  the  ventricular  action, 
of  only  23i  minutes  after  the  ligatures  were  applied,  and  32^  minutes 


*  "Gazette  Mediciile,"  185],  Nos.  24,  27. 


t  "  Mediciil  Gazette,"  July  8,  1842. 


FUNCTIONS  OF  MUSCULAR  TISSUE. 


317 


Iter  the  pithing  ;  and  in  no  instance  was  it  prolonged  more  than  31 
ninutes  after  the  application  of  the  ligatiu-e,  or  37  minntes  after  the 
I  )ithing.    On  the  other  hand,  when  the  aorta  was  tied,  so  that  the  coro- 
avy  arteries  were  distended  with  blood,  the  circnlation  being  carried  on 
irongh  them  alone,  the  right  ventricle  continued  to  act  up  to  the  82  nd 
■linuie. 

325.  It  has  been  maintained  by  many  Physiologists,  that  the  Irrita- 
)ihty  of  Muscle  is  dependent  upon  the  Nervous  system;  and  the  loss  of 
liat  u-ritability,  which  usually  follows  division  of  the  nerves  of  a  volun- 
;iry  muscle  at  no  distant  date,  is  continually  cited  as  a  proof  of  this 
Ijpeudence.    Two  views  of  this  subject  have  been  advanced,  both  of 
\  hich  demand  some  notice,  on  account  of  the  eminence  of  the  authorities 
yy  which  they  have  been  respectively  sustained.    The  Jirst  of  these  is, 
I  ,hat  Muscular  irritability  is  derived  from  some  influence  or  energy  com- 
{ luunicated  from  the  Brain  or  Spinal  Cord,  or  that  these  organs  supply 
I  -  ;ome  condition  essential  to  its  exercise;  a  doctrine  of  which,  at  the  pre- 
k;ent  time.  Prof.  Miiller  and  Dr.  M.  Hall  may  be  regarded  as  the  principal 
■  aipporters.    The  ojjinion  that  contractility  cannot  be  an  independent 
endowment  of  an  organized  structm^e,  is  at  once  negatived  by  the  fact 
:hat,  in  Plants,  we  find  tissues  endowed  with  a  high  degree  of  contrac- 
!  ihty,  and  manifesting  tliis  property,  without  any  possible  intervention  of 
i  I  nervous  system,  on  the  application  of  stimuli  to  themselves.    In  the 
j  ower  classes  of  animals,  too,  there  is  good  reason  to  believe  that  contrac- 
j  yihty  is  more  widely  difiused  through  their  tissues,  than  nervous  agency 
I  ;an  be;  and  we  shall  see  that  rhythmical  contractions  take  place  in  the 
j  -udimentary  heai't,  when  as  yet  no  nerves  or  ganglia  have  made  their 
I  ippearance.    Again,  the  action  of  the  heart  may  be  kept  uj),  in  the 
I  lighest  Animals,  by  taking  care  that  the  cm-rent  of  the  circulation  be 
:  lot  inten-upted,  for  a  long  time  after  the  removal  of  the  brain  and 
pinal  cord;  it  may  even  continue  when  completely  separated  from  the 
lody,  which  shows  that  the  great  centres  of  the  ganglionic  system  cannot 
'Upply  any  influence  necessary  to  it;  and  there  are  many  instances,  in 
A  hich  the  Human  foetus  has  come  to  its  full  size,  so  that  its  heart  must 
lave  regularly  acted,  without  the  existence  of  a  brain  or  spinal  cord. 
Further,  the  in-itability  of  muscles  of  the  first  class  continues  for  a  long 
time  after  their  nerves  are  divided;  and  may  be  called  into  action  by 
stimuli  directly  applied  to  the  parts  themselves,  or  to  their  nerves  below 
the  section,  so  long  as  their  nutrition  is  unimpaired. — The  loss  of  the 
iiiitabnity  of  Muscles,  within  a  few  weeks  after  the  section  of  their 
iicrv'es,  is  clearly  due  to  the  alteration  in  their  nutrition,  consequent  upon 
Uieir  disuse  (§  313).    This  has  been  proved  to  demonstration  by  the 
\'cry  ingenious  experiments  of  Dr.  J.  Reid.*    "  The  spinal  nerves  were 
lit  across,  as  they  lie  in  the  lower  part  of  the  spinal  canal,  in  four  frogs; 
ud  both  posterior  extremities  were  thus  insulated  from  their  nervous 
'umections  with  the  spinal  cord.    The  muscles  of  one  of  tlie  paralysed 
limbs  were  daily  exercised  by  a  weak  galvanic  battery;  while  those  of 
t  he  other  limb  were  allowed  to  remain  quiescent.    This  was  continued  for 
t  wo  months;  and  at  the  end  of  that  time,  the  muscles  of  the  exercised 

*  "Edinburgh  Monthly  Journal  of  Medical  Science,"  May,  1041;  and  "  Physiological, 
Anatomical  and  Pathological  Researches,"  p.  1 1 . 
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limb  retained  their  original  size  and  firmness,  and  conti-acted  vigour- 
ously,  while  those  of  the  quiescent  limb  had  shrunk  to  at  least  one-half 
of  their  former  bulk,  and  presented  a  marked  contrast  with  those  of  the 
exercised  limb.  The  muscles  of  the  quiescent  limb  still  retained  their 
contractility,  even  at  the  end  of  two  months;  but  there  can  be  little 
doubt  that,  from  their  imperfect  nutrition,  and  the  progressing  changes 
in  their  physical  structure,  this  would  in  no  long  time  have  disappeared, 
had  circumstances  permitted  the  jDrolongation  of  the  experiment."* 
This  experiment  satisfactorily  explains  the  fact  observed  by  Dr.  M.  Hall, 
that  in  cases  in  which  the  cause  of  the  paralysis  is  situated  in  the  Brain, 
and  in  which  the  Spinal  Cord  and  its  nei-ves  are  unaffected,  the  irritabi- 
lity of  the  muscles  of  the  paralysed  part  is  not  destroyed,  even  after  a 
considerable  lapse  of  time.  For,  if  the  caj)ability  of  performing  reflex 
actions  still  exist,  on  the  part  of  the  nervous  system,  it  is  manifest  tliat 
the  muscles  will  be  occasionally  excited  to  action  through  this  channel; 
and  that  then'  nutrition  and  vital  properties  will  thereby  be  preserved, 
as  they  were  in  Dr.  Reid's  experiments  by  the  artificial  excitement  of 
galvanism. — Another  equally  satisfactory  proof,  that  the  loss  of  In-itar 
biMty,  which  follows  the  severance  of  the  connection  between  the  Nervous 
centres  and  the  Muscle,  is  not  immediately  due  to  the  interruption  of 
any  influence  communicated  by  the  former,  has  been  given  by  the  ex- 
periments of  Dr.  J.  Reid  (loc.  cit.) ;  who  found  that  if  the  irritabihty 
of  Muscles  be  exhausted  by  means  which  have  no  tendency  to  impair 
their  healthy  nutrition,  and  the  other  conditions  favour  the  normal  per- 
formance of  the  nutrient  processes,  the  irritability  is  restored,  and 
remains  for  some  time.  His  first  experiments  were  on  cold-blooded 
animals,  and  they  would  in  themselves  be  sufficiently  satisfactory;  hut 
their  subsequent  repetition  in  the  Rabbit  has  established  the  fact  beyond 
all  doubt.  "The  sciatic  nerve  was  divided  in  the  Rabbit,  and  a  portion 
of  it  removed.  One  wire  from  two  galvanic  batteries  consisting  of 
thirty  pairs  of  plates,  was  applied  over  the  course  of  the  nerve ;  and  the 
other  wire  was  aj)plied  over  the  foot,  which  was  kept  moist,  until  the 
muscles  had  ceased  to  contract.  Three  days  after  this,  a  weaker  battery 
was  used,  and  the  muscles  of  the  limb  had  recovered  their  contractihty, 
and  contracted  powerfully.  The  more  powerful  battery  was  used  as  before, 
until  the  muscles  had  ceased  to  resjDond  to  the  excitement ;  and  three 
days  after  this,  they  had  again  recovered  their  contractility."  It  seems 
scarcely  possible  to  draw  any  other  inference  from  these  experiments, 
than  that  Irritability  is  a  property  inherent  in  Muscular  tissue,  and  that 
the  agency  of  the  Nervous  system  upon  it  is  merely  to  call  it  into 
active  operation. 

326.  The  second  doctrine  referred-to,  as  having  been  taught  by  some 
Physiologists,  is,  that  Muscles,  though  not  dependent  on  Nerves  for  their 

*  A  fact  of  an  exactly  parallel  character  has  fallen  under  the  Author's  observation,  in  a 
case  of  Plysteric  Paraplegia,  in  which  one  leg  was  occasionally  cafFected  with  severe  cramps. 
The  muscles  of  this  leg  suffered  much  less  diminution  of  size  and  firmness,  than  those  of  the 
other ;  so  that  there  was  a  difference  of  more  than  an  inch  in  the  circumference  of  the  limbs. 
But  since  the  paraplegia  has  been  recovered  from,  voluntary  power  having  been  established 
in  both  limbs,  and  the  muscles  of  lioth  having  been  exercised  in  the  same  degree,  they  have 
regained  their  normal  size  and  firmness,  and  there  is  no  longer  any  perceptible  difference 
between  them. 
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leculiar  vital  power,  are  yet  dependent  ujjon  them  for  the  exercise  of 
liat  power;  all  stimuli,  which  excite  muscles  to  contraction,  operating 
irst  on  the  nervous  filaments  which  enter  muscles,  and  through  them  on 
he  muscular  fibres. — The  facts  which  have  been  already  stated,  in  regard 
0  the  ordinary  action  of  the  Muscles  of  Organic  Hfe,  furnish  a  sufficient 
uswer  to  this  hypothesis.    It  is  with  great  difficulty  that  these  can  be 
luade  to  display  their  irritability,  by  any  stimuli  applied  to  their  nerves; 
>\  hilst  they  manifest  it  strongly,  when  the  stimulus  is  directly  applied  to 
iiemselves.    Even  in  the  Muscles  of  Animal  life,  individual  fasciculi  may 
^>  thrown  into  action  in  the  same  manner;  although  the  entire  mass  can- 
i(jt  be  put  into  combined  operation,  except  by  a  stimulus  simvdtaneously 
>mmunicated  to  the  whole,  which  the  nerve  affords  the  readiest  means 
i'  eflFecting.    Perhaps  the  most  satisflictory  disproof  of  it,  however,  is  to 

0  found  in  the  observation  of  Mr.  Bowman  already  cited  (§  302),  that  a 
-ingle  fibre,  completely  isolated  from  all  its  connections,  may  be  seen  with 

:»e  microscope  to  pass  into  a  state  of  contraction,  under  the  influence  of 
lirect  initation.  Further,  it  has  been  experimentally  ascertained,  that 
liere  are  some  chemical  stimuli,  which  will  produce  the  contraction  of 
iiiscles  when  directly  applied  to  them,  but  of  which  the  influence  can- 
lot  be  transmitted  tlu^ough  the  nei-ves ;  this  is  especially  the  case  with 
ogard  to  acids. 

327.  When  all  these  considerations  are  allowed  tlieir  due  weight,  we 
•an  scarcely  do  otherwise  than  acquiesce  fully  in  the  doctrine  of  Haller, 
which  involves  no  hypothesis,  and  which  is  perfectly  conformable  to  the 
malogy  of  other  departments  of  Physiology.    He  regarded  every  part  of 
lie  body  which  is  endowed  with  Irritability,  as  possessing  that  property 
.1  and  by  itself;  but  considered  that  the  property  is  subjected  to  excite- 
iient  and  control  from  the  Nervous  System,  the  agency  of  which  is  one 
)f  the  stimuli  that  can  caU  it  into  operation. — It  may  be  desirable  briefly 
>  recapitulate  the  facts,  by  which  this  doctrijie^^  is  supported.    1.  The 
^istence  in  Vegetables  of  irritable  tissues,  which  are  excited  to  contrac- 
ion  by  stimuli  directly  applied  to  themselves,  and  which  can  be  in  no 
*vay  dependent  upon,  or  influenced  by,  a  Nervous  system.    2.  The  exist- 
.■nce  in  Animals  of  a  form  of  Muscidar  tissue,  which  is  especially  con- 
;ected  with  the  maintenance  of  the  Organic  functions,  and  which  is  much 

1  lore  readily  excited  to  action  by  direct  stimulation,  than  it  is  by  Nervous 
yency.    3.  The  fact  that,  by  the  agency  of  these,  the  organic  functions 

may  go  on  (so  long  as  their  other  requisite  conditions  are  supplied)  after 
the  removal  of  the  nervous  centres  (of  the   Cerebro-spinal  system  at 
least)  and  when  these  were  never  present;  rendering  it  next  to  certain, 
t^hat  their  ordinary  operations  are  not  dependent  upon  any  stimidi 
'  cceived  through  the  nerves,  but  upon  those  directly  applied  to  them- 
'.'Ives.    4.  The  persistence  of  irritability  in  Muscles,  for  some  time  after 
iie  Nerves  have  ceased  to  be  able  to  convey  to  them  the  effects  of 
'  imuli ;  this  is  constantly  seen  in  regard  to  the  Sympathetic  system  of 
icrves,  and  the  muscles  of  Organic  life  upon  which  they  operate;  and  it 
I  S  shown,  by  the  agency  of  narcotics,  to  be  true  also  with  resjDect  to  tlie 
'  'erebro-Spinal  system  and  the  muscles  of  Animal  life.    5.  The  persist- 
■iice  of  irritability  in  the  muscles,  after  their  complete  isolation  from  the 
nervous  centres,  so  long  as  their  nutrition  is  unimpaired;  and  the  eflxjcts 
'f  frequent  exercise,  in  preventing  the  impairment  of  the  nutrition  and 
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the  loss  of  irritability.  G.  The  recovery  of  the  irritability  of  muscles 
when  isolated  from  the  nervous  centres,  after  it  has  been  exhausted  l)y 
repeated  stimulation ;  this  also  depends  upon  the  healthy  performance  of 
the  nutritive  actions.  7.  The  conti-action  of  muscular  fibre  under  the 
microscope,  when  completely  isolated  from  all  other  tissues. — In  the 
words  of  Dr.  Alison,  then,  "  the  only  ascertained  final  cause  of  all  endow- 
ments bestowed  on  Nerves  in  relation  to  Muscles,  in  the  living  body, 
appears  to  be,  not  to  make  Muscles  irritable,  but  to  subject  their  m-ita- 
bility,  in  different  ways,  to  the  dominion  of  the  acts  and  feelings  of  the 
Mind," — to  its  voUtions,  emotions,  and  instinctive  determinations. 

328.  Whilst  the  IrritabiMty  of  Muscles  is  gradually  departing  after 
death,  it  not  unfrequently  shows  itself  under  a  peculiar  form ;  for  instead 
of  producing  sudden  contractions,  speedily  followed  by  relaxation,  the 
aj)plication  of  stimuli  then  occasions  slow  and  somewhat  prolonged  con- 
tractions, the  relaxation  after  which  is  tardy.    This  form  of  contraction 
is  seldom  seen  in  adult  Mammalia,  except  (as  will  be  presently  shown) 
when  death  has  taken  place  from  certain  diseases  that  have  a  special 
influence  on  the  blood  and  muscular  system;  but  it  is  stated  by  M. 
Brown-Scquard  *  to  present  itself  more  constantly  in  young  animals,  and 
to  bo  (so  to  speak)  an  exaggeration  of  the  ordinary  modus  oiJerandi  of 
their  muscles,  which,  during  life,  are  much  more  slowly  thrown  into 
contraction  by  mechanical  stimuli,  than  they  are  in  adults. — The  most 
remarkable  manifestations  of  it  yet  observed,  however,  have  been  wit- 
nessed after  death  from  Cholera  and  Yellow  fever;  for  in  these  cases,  the 
muscular  contractions,  though  cajiable  of  being  excited  by  mechanical 
stimulation  applied  to  the  muscles  themselves,  ai-e  frequently  spontaneous, 
and  sometimes  give  rise  to  movements  strongly  resembling  the  ordinary 
actions  of  the  living  state.    Thus  in  one  case,  about  ten  minutes  after  the 
cessation  of  the  resijiration  and  circulation,  Mr.  N.  B.  Wjird  saw  the  eyes 
open,  and  move  slowly  in  a  downward  direction;  this  was  followed,  a 
minute  or  two  subsequently,  by  the  movement  of  the  right  arm  (pre- 
viously lying  by  the  side)  across  the  chest ;  there  was  also  a  slight  move- 
ment of  the  right  leg;  and  these  movements  of  the  limbs  (those  of  the 
eyes  occurring  only  once)  were  repeated  to  a  greater  or  less  degree  four 
or  five  times,  and  fully  half  an  hovu'  elapsed  before  they  entu-ely  ceased. 
In  a  case  observed  by  Mr.  Helps,  the  subject  of  which  was  a  man  of 
remarkable  muscular  development,  the  fingers  continually  twitched  and 
trembled  after  the  respiration  had  ceased,  and  the  fibres  of  the  muscles 
were  in  state  of  rh^'thmical  motion,  so  that  when  the  fingers  were  pressed 
on  the  belly  of  the  biceps,  a  sensation  as  of  the  pulsation  of  an  artery  was 
plainly  felt;  the  muscles  of  the  arm  acted  forcibly  on  even  shght  irrita- 
tion, the  fore-arm  being  powerfully  flexed  when  the  biceps  was  struck 
with  the  side  of  the  hand,  and  the  fist  being  doubled  or  the  hand 
extended,  according;  as  the  flexors  or  extensors  on  the  fore-arm  were  mi- 
tated  in  the  same  manner.    Various  other  muscles  were  acted-on,  with 
the  same  results;  and  it  was  noticed  in  this  case,  that  the  longer  the 
muscles  were  allowed  to  remain  without  irritation,  the  more  powerfidly 
did  they  contract  when  excited. t  —  In  regard  to  the  occiuTence  of  tliis 

*  "Gazette  Medicale,"  Dec.  22,  1849. 

t  See  Mr.  Fredk.  Barlow's  '  Observations  on  the  Muscular  Contractions  which  occasionally 
occur  after  Death  from  Cholera,'  in  the  "  Medical  Gazette  "  for  Nov.  9, 1  li49,  and  Feb.  1 , 1  iiSO. 
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phenomenon  after  death  from  Yellow  Fever,  several  interesting  observa- 
tions have  been  recorded  by  Dr.  Bennet  Dowler  of  New  Orleans.*  In 
one  case,  the  subject  of  which  was  an  Irishman  aged  twenty-eight,  the 
following  series  of  movements  took. place  spontaneously,  not  long  after 
the  cessation  of  the  respiration:  first,  the  left  hand  was  carried  by  a 
regular  motion  to  the  tkroat,  and  then  to  the  crown  of  the  head;  the 
right  arm  followed  the  same  route  on  the  right  side ;  the  left  arm  was 
then  carried  back  to  the  throat,  and  thence  to  the  breast,  reversing  all 
its  original  motions ;  and  finally  the  right  arm  and  hand  did  exactly  the 
same.  In  another  case,  that  of  a  Kentuckian  aged  twenty-five,  the  move- 
ments were  only  exhibited  on  mechanical  stimulation :  when  the  arm  was 
extended  to  an  angle  of  45°  from  the  trunk,  and  was  struck  with  the 
hand  or  with  the  flat  side  of  a  hatchet,  the  hand  was  carried  inwards  to 
the  epig-astrium ;  but  when  the  arm  was  extended  upon  the  floor,  so  as  to 
form  a  right  angle  with  the  body,  the  hand  slapped  the  mouth  and  nose. 
In  hke  manner,  when  the  leg  was  hanging  down,  if  the  flexors  of  the  ham- 
string muscles  were  struck,  the  heel  was  drawn  up  against  the  buttock. 
The  contractility  begun  to  decline  in  the  third  hovu- ;  and  by  the  fourth, 
all  motions  of  the  limbs  ceased,  though  the  pectoral  muscles  assumed  the 
ridgy  or  lumpy  form  when  j)ercussed.  Five  hom-s  after  death,  the  con- 
tractility had  ceased,  and  rigidity  had  supervened. — Many  circumstances 
indicate  that  these  movements  were  due  to  the  inherent  contractility  of 
the  muscles,  and  were  not  in  any  degree  dependent  upon  the  operation  of 
the  nervous  system;  and  Dr.  Dowler  proved  experimentally,  by  com- 
pletely sepamting  limbs  which  exhibited  these  movements,  from  the 
.  trunk  of  the  body,  that  the  influence  of  the  nervous  centres  was  not  in 

•  any  degree  essential  to  their  production,  t — A  phenomenon  of  a  similar 

•  order  has  been  observed  by  Dr.  Stokes, :]:  even  during  the  life  of  the  siib- 
,  ject.  In  various  cases  of  phthisis  and  of  other  exhausting  diseases,  a 
>  sharp  tap  with  the  fingers  on  any  muscular  part  is  instantly  followed  by 
;  a  contraction  of  the  part  which  receives  the  irritation,  evidenced  by  the 
t  rise  of  a  defined  firm  swelling,  which  is  often  so  prominent  as  to  tkrow  a 
^  shadow  along  the  skin,  and  which  endures  for  several  seconds  before  it 
g  gradually  subsides.  The  complete  limitation  of  this  contraction  to  the 
\  part  struck,  is  sufficient  evidence  that  it  must  be  attributed  to  direct  sti- 
mulation of  the  muscle  itself,  and  not  to  a  '  reflex '  action  of  the  nervous 
system. 

329.  A  curious  question  has  been  lately  raised,  the  decision  on  which 
is  of  some  importance  in  our  determination  of  the  nature  of  the  force,  by 
which  the  conti'action  of  muscles  is  occasioned.  This  is, — whether  the 
power  of  a  muscle  is  greater  or  less  at  different  degrees  of  contraction,  the 
same  stimulus  being  applied.  This  seems  to  have  been  determined  by 
the  ingeniously-devised  experiments  of  Schwann. §   He  contrived  an  appa- 

*  "  Kxperimental  Researches  on  the  Post-Mortem  Contractility  of  the  Muscles,"  reprinted 
from  the  "  New  York  Journal  of  Medicine,"  184G. 

+  It  is  remarkable  that,  in  the  case  of  both  these  diseases,  the  temperature  of  the  corpse 
usually  rises  considerably  after  death,  so  as  to  approach  its  usual  standard  when  the  bodv 
nas  been  previously  cooled  down  much  below  it,  and  to  rise  considerably  higher  when  there 
has  been  no  previous  depression  (chap.  xni.).  Moreover,  the  cadaveric  rigidity  is  usually 
long  in  coming  on  ;  being  sometimes  postponed  for  many  days  after  death  from  Cholera. 
+  "  On  Diseases  of  the  Chest,"  p.  397. 

5  Miiiler's  "  Elements  of  Physiology,"  translated  by  Baly,  p.  f)03. 
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ratus,  which  should  accurately  measui-e  the  length  of  the  muscle,  and,  at 
the  same  time,  the  weight  which  it  would  balance  by  its  contraction. 
Having  caused  the  muscle  of  a  Frog  to  shorten  to  its  extreme  point,  by 
the  stimulus  of  galvanism  applied  to  the  nerve,  so  that  no  fux-ther  sti- 
mulation could  lift  a  weight  placed  in  the  opposite  scale,  he  allowed  the 
muscle  to  relax  mitil  it  was  extended  to  a  certain  point,  and  then  ascer- 
tained the  weight  which  would  balance  its  power.  The  same  was  several 
times  repeated,  as  in  the  following  manner : — The  length  of  the  muscle 
in  its  extreme  state  of  contraction,  at  which  no  additional  force  could  be 
exerted  by  it,  being  represented  by  14,  it  was  found  that,  when  it  had 
been  extended  to  17,  it  would  balance  a  weight  of  60;  when  its  length 
increased  to  19-6,  it  would  balance  a  weight  of  120;  and  at  22-5,  it  would 
balance  180.  In  another  experiment,  the  muscle  at  13-5,  balanced  0;  at 
18-8,  it  balanced  100;  and  at  23-4,  it  balanced  200.  IJence  it  appeai-s 
that  a  uniform  increase  of  force  coii'esponds  with  a  neai'ly  uniform  increase 
in  the  length  of  the  muscle ;  or,  in  other  words,  that  when  the  muscle  is 
nearly  at  its  full  length,  its  contractile  power  is  the  greatest.  In  later 
experiments  upon  the  same  muscle,  this  uniform  ratio  seemed  to  be 
departed  from ;  but,  by  comparing  the  results  in  a  considerable  number 
of  instances,  it  was  constantly  found  that,  in  those  experiments  which 
were  performed  the  soonest  after  the  preparation  of  the  frog,  and  in  which, 
therefore,  the  normal  conditions  of  the  system  were  the  least  disturbed, 
the  ratio  was  very  closely  maintained.  It  has  been  ascertained  by  Valen- 
tin, on  repeating  these  experiments,  that,  by  repeated  equal  irritations, 
the  strength  of  the  muscles  in  deca])itated  frogs  decreases  in  a  regular  and 
corresponding  ratio ;  losing  the  same  amount  in  each  successive  period  of 
time.  He  also  found  that,  when  all  the  Irritability  has  ceased,  the 
muscles  tear  with  a  far  less  weight,  tlian  they  were  previously  able,  when 
galvanized,  to  drcnv* 

330.  It  appeal's  from  the  researches  of  MM.  Becquerel  and  Breschet,t 
that  Muscular  contraction  is  attended  with  a  disengagement  of  Heat. 
By  careful  experiments,  conducted  with  the  aid  of  the  '  thermo-multiplier,' 
they  ascertained  that  the  temperature  of  a  large  muscle,  such  as  the 
Biceps,  uses  as  much  as  1°  (Fahr.)  when  it  is  thrown  into  vigorous  con- 
traction ;  and  that  repeated  movements  of  any  one  kind  (as  in  the  act  of 
sawing)  increase  the  temperatm^e  of  the  muscles  which  execute  them  as 
much  as  2°.  Tliis  development  of  Heat  may  be  attributed  with  proba- 
bility to  the  chemical  changes  which  take  place  in  the  Muscular  substance, 
when  it  is  in  a  state  of  fimctional  activity  (§311);  or  it  may  be  occasioned 

*  It  has  been  inferred  by  Miiller,  from  Schwann's  experiments,  that  the  power  which 
causes  the  contraction  of  a  Muscle,  must  be  very  different  in  its  character  from  any  of  the 
forces  of  attraction  known  to  us ;  since  these  all  increase  in  energ}'  as  the  attracted  parts 
approach  each  other,  in  the  inverse  ratio  of  the  square  of  the  distance  ;  so  that  the  power  ot 
a  Muscle,  if  operated  on  by  any  of  these,  ought  to  increase,  instead  of  regularly  diminishing, 
with  its  degree  of  contraction.  But  it  is  to  be  remembered  that,  as  the  observations  of  Mr. 
Bowman  have  clearly  shown,  there  must  be  a  considerable  displacement  of  the  constituents  ot 
every  fibre  during  contraction  (§  302);  so  that  it  is  easy  to  understand  that,  the  greater  the 
contraction,  the  more  difficult  must  any  fm'ther  contraction  become.  If,  between  a  magnet 
and  a  piece  of  iron  attracted  by  it,  there  were  interposed  a  spongy  elastic  tissue,  the  iron 
would  cease  to  approach  the  magnet  at  a  point,  at  which  the  attraction  of  the  magnet  woul 
be  balanced  by  the  force  needed  to  compress  still  further  the  intermediate  substance. 

f  "  Archives  du  Mus6um,"  torn.  ii.  p.  402. 
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by  the  friction  of  its  parts,  one  upon  another;  or  we  may  consider  that, 
like  Motion,  it  is  a  direct  result  of  the  metamorphosis  of  the  force  which 
was  previously  operative  in  the  vital  actions  of  Development  and  Nutri- 
tion.*— It  has  been  many  times  affirmed,  but  as  frequently  denied,  that 
Electricity  is  developed  during  Muscular  contraction.  The  recent  re- 
seai'ches  of  Prof  Matteucci  upon  the  cause  of  the  phenomenon  which  he 
terms  'induced  contraction,'  have  led  him  to  an  affirmative  conclusion 
upon  this  important  point.  This  'induced  contraction' takes  place  in 
the  muscles  of  a  prepared  '  galvanoscopic  frog,'t  when  its  nerve  is  laid 
upon  the  muscles  of  another  ffog,  which  are  tkrown  into  contraction  by 
electrical,  mechanical,  or  any  other  stimulation  of  its  nerves.  It  is 
requisite  that  the  nerve  of  the  'galvanoscopic'  frog  should  touch  two 
different  points  of  the  contracting  muscle  or  limb  of  the  entire  frog;  just 
as  it  is  necessaiy  that  two  different  points  of  the  electrical  apparatus  of 
the  Torpedo  or  Gymnotus  should  be  touched  at  once,  in  order  to  obtain 
manifestations  of  electricity.  Prof  Matteucci  has  not  succeeded  in  obtain- 
ing proof  of  electric  disturbance  in  contracting  muscles,  by  any  other 
means  than  the  use  of  the  'galvanoscopic'  frog;  the  most  delicate  galva- 
nometer not  affording  imexceptionable  indications  of  \t.X    But  he  con- 

•  siders  that  the  phenomena  of  '  induced  contraction,'  which  he  has  experi- 
mentally studied  under  a  great  variety  of  conditions,  are  sufficient  to 
"  demonstrate  the  production  of  an  electrical  disequilibrium  in  the  act  of 

J  musculai'  contraction. "§ — This  production  of  Electric  distiu'bance  in 
1  muscular  contraction  may  be  attributed  to  either  or  all  of  the  causes 

>  which  have  been  suggested  for  the  development  of  heat;  but  that  it  is 

>  specially  connected  with  the  chemical  changes  which  then  take  place, 
^  seems  probable  fr-om  the  fact  that  a  contraction  in  the  muscles  of  the 
g  galvanoscopic  frog  is  seen,  when  its  nerve  is  simply  introduced  into  an 
i  incision  made  in  the  muscle  of  a  living  or  a  recently-killed  animal,  in 

*  It  is  suggested  by  Nasse,  that  this  elevation  of  the  temperature  of  Muscles  in  action  is 

I  due  to  the  increased  afflux  of  arterial  blood,  which,  according  to  him,  is  of  higher  temperature 

II  than  venous.    But  this  position  is  by  no  means  satisfactorily  established. 

f  The  '  galvanoscopic  frog,'  which  has  been  continually  employed  by  Prof.  Matteucci  to 

•  test  niinute  electrical  distutbances  which  are  not  appreciable  bj'^a  galvanometer,  is  simply  the 
^  leg  of  a  recently-killed  frog,  with  the  crural  nerve,  dissected  out  of  the  body,  remaining  in 
<  connection  with  it:  the  leg  being  enclosed  in  a  glass  tube  covered  with  an  insulating  varnish, 
i  and  the  nerve  being  allowed  to  hang  freely  from  its  open  end,  when  two  points  of  the  nerve 

•  are  brought  into  contact  with  any  two  substances  in  different  electrical  states,  the  muscles 
r  which  it  supplies  are  thrown  into  contraction. 

+  On  this  account,  Prof.  Matteucci  distrusts  the  results  which  have  been  obtained  hy  M. 
h  Du  Bois  Reymond ;  who  affirms  that  when  the  corresponding  fingers  of  the  two  hands  are 
•<  immersed  in  two  vessels  filled  with  salt  water,  into  which  are  plunged  two  slips  of  platina 
connected  with  the  wires  of  a  very  delicate  galvanometer,  a  very  sensible  deflection  of  the 
needle,  indicating  a  current  from  the  hand  to  the  shoulder,  is  produced  by  putting  the 
muscles  of  one  arm  in  contraction  against  each  other  ;  this  deflection  being  considerably 
increased  by  alternately  contracting  the  muscles,  first  of  one  arm,  and  then  of  the  other,  in 
tune  with  the  oscillations  of  the  needle.  Nevertheless  Prof.  Matteucci  (whose  authority  on 
this  subject  stands  most  deservedly  high),  after  pointing  out  various  sources  of  error  in  the 
use  of  the  galvanometer,  states  that  he  has  tried  a  great  number  of  experiments  after  M.  Du 
Bois  Reymond's  method,  increasing  the  number  of  elements  which  contract  at  the  same  time 
(as  by  operating  on  a  circle  of  thirty  or  forty  individuals,  who  all  contracted  the  same  arm  at 
once)  without  ever  succeeding  in  obtaining  an  evident  and  constant  development  of  electricity 
'-y  muscular  contraction.    (See  "  Phil.  Trans.,"  1 850,  p.  646). 

$  "Philosophical  Transactions,"  1850,  p,  G49.    See  also  Prof.  Matteucci's  previous 
researches  on  '  induced  contraction,'  in  the  "  Phil.  Trans."  for  1845  and  1847. 
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such  a  manner  that  the  extremity  is  applied  to  tlie  deepest  part  of  tlie 
wound,  and  another  portion  to  its  lips  or  to  the  surface  of  the  muscle. 
As  this  contraction  takes  place  when  the  muscle  is  completely  passive,  it  is 
obvious  that  the  source  of  the  electric  current  which  determines  it  must 
lie  in  the  molecular  changes  taking  place  in  the  course  of  the  nutrition 
of  the  muscle;  and  the  explanation  of  its  constant  du-ection  from  the 
interior  to  the  exterior  of  the  muscle  seems  to  lie  in  the  difference  in  the 
rate  of  these  changes,  which  will  go  on  more  energetically  in  its  interior 
than  they  will  do  nearer  its  siu'face,  where  the  proper  muscular  fibres  are 
mingled  with  a  larger  proportion  of  areolar  and  tendinous  substance.* — 
Muscular  contraction  also  gives  rise  to  the  production  of  Sound,  as  was 
first  noticed  by  Dr.WoUaston.t  When  the  ear  is  applied  to  a  muscle  in 
action,  a  sound  is  heard  resembling  the  distant  rumbling  of  carriage- 
wheels,  or  an  exceedingly  rapid  and  faint  tremulous  vibration,  which, 
when  well  marked,  has  an  almost  metallic  tone.  This  sotmd  may  be 
readily  made  audible  in  the  manner  suggested  by  Dr.  WoUaston ;  namely, 
by  placing  the  tip  of  the  little  finger  in  the  ear,  and  then  making  some 
muscles  contract  (as  those  of  the  ball  of  the  thumb),  whose  sound  may  be 
conducted  to  tlie  ear  through  the  substance  of  the  hand  and  finger.  The 
continuity  of  this  sound  through  the  whole  period  during  which  contrac- 
tion is  maintained,  is  an  important  confirmation  of  the  view  which  is 
based  on  other  foundations,  that  there  is  a  continual  alternation  of  con- 
tractions and  relaxations  among  the  individual  fibres  of  any  Muscle  which 
is  putting  forth  its  contractile  power,  as  a  whole,  for  any  length  of  time 
(§  303).  The  sound  may  be  readily  conceived  to  depend  upon  the  fric- 
tion of  the  elements  of  the  muscle,  one  upon  another ;  which  must  thus 
be  perpetually  taking  place,  so  long  as  it  continues  in  a  state  of  activity. 
There  can  be  little  question  that  the  first  sound  of  the  Heart,  which 
accompanies  the  ventricular  systole,  is  partly  attributable  to  muscular 
contraction. 

331.  Of  Muscular  Tonicity. — We  have  now  to  consider  the  other  form 
of  Contractility,  which  produces  a  constant  tendency  to  contraction  (vaiy- 
ing,  however,  as  to  its  degi-ee)  in  the  Muscular  fibre ;  but  which  is  so  far 
different  from  simple  Elasticity,  that  it  abates  after  death,  befoi-e  decom- 
position has  taken  place.  This  Tonicity  is  to  be  distinguished  from  the 
Muscular  'tension,'  which  is  the  result  of  the  'reflex'  operation  of  the 
nervous  centres  (chap,  xiv.,  sect.  2) ;  being  manifested  as  well  when  the 
muscle  is  altogether  removed  from  nervous  influence,  as  when  subjected 
to  it ;  and  being,  like  Irritability,  an  inherent  property  of  the  tissue  itself, 
the  presence  of  which,  is  characteristic  of  its  living  state.  It  manifests 
itself  in  the  retraction  which  takes  place  in  the  ends  of  a  living  muscle, 
when  it  is  divided  (as  is  seen  in  amputation) ;  this  retraction  being  per- 
manent, and  greater  than  that  of  a  dead  muscle.  But  its  effects  ai'e  much 
more  remai'kable  in  the  non -striated,  than  in  the  striated  form  of  Muscu- 
lar fibre;  and  are  particularly  evident  in  the  contractile  coat  of  the 
Arteries,  causing  the  almost  entire  obliteration  of  their  tubes,  when  they 
are  no  longer  distended  with  blood.  The  disposition  to  tonic  contraction 
is  increased  by  any  considerable  change  of  temperatm-e;  tlie  power  of 

*  See  Prof.  Matteucci's  "Lectures  on  the  Physical  Phenomena  of  Living  Beings," 
Lects.  ix.  and  x. 

f  "  Philosophical  Transactions,"  1811. 
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Heat  is  well  seen  in  the  following  exj)eriments  by  John  Hunter : — "  As 
soon  as  the  skin  could  be  removed  fi-om  a  sheep  that  was  newly  killed,  a 
square  ^iece  of  muscle  was  cut  off,  which  was  afterwards  divided  into  three 
pieces,  in  the  direction  of  the  fibres;  each  piece  was  put  into  a  bason  of 
water,  the  water  in  each  bason  being  of  different  temj)eratures,  viz.,  one 
about  125°,  about  27°  warmer  than  the  animal;  another  98°,  the  heat  of 
the  animal ;  and  the  thud  55°,  about  43°  colder  than  the  animal.  The 
muscle  in  the  water  heated  to  125°  contracted  directly,  so  as  to  be  half 
an  inch  shorter  than  the  other  two,  and  was  hard  and  stiff  The  muscle 
in  the  water  heated  to  98°  after  six  minutes  began  to  contract  and  grow 
stifi";  and  at  the  end  of  twenty  minutes  it  was  nearly,  though  not  quite, 
as  short  and  hard  as  the  above.  The  muscle  in  the  water  heated  to  55°, 
after  fifteen  minutes,  began  to  shorten  and  grow  hard;  after  twenty 
minutes  it  was  nearly  as  short  and  as  hard  as  that  in  the  water  heated  to 
98°.  At  the  end  of  twenty-four  hours,  they  were  all  found  to  be  of  the 
same  length  and  stiffness."'^  The  agency  of  Heat  in  producing  this  con- 
traction is  also  remarkably  shown  in  the  fact,  that  if  a  Frog  be  immersed 
in  water  of  the  temperature  of  11 0°,  the  muscles  of  its  body  and  limbs 
wiU  be  thrown  into  a  state  of  permanent  and  rigid  contraction. — But  it 
would  seem  that  these  eSects  are  chiefly,  if  not  entirely,  exerted  upon  the 
striated  form  of  Muscidar  fibre ;  and  that  the  tonicity  of  the  non-striated 
fibre  is  called  into  play  by  Cold,  rather  than  by  heat.  For  if  a  Tadpole 
or  Frog  be  immersed  in  water,  the  temperature  of  which  is  gradually 
raised,  until  this  state  of  contraction  comes  on,  the  Heart  will  be  found 
to  continue  j)ulsating  for  many  hours  afterwards,  not  being  affected  by  the 
heat.  On  the  other  hand,  if  an  artery  in  a  living  warm-blooded  animal 
be  exposed  to  cold  air  for  some  time,  the  lowering  of  its  temjDcrature 
occasions  its  contraction  to  such  an  extent,  that  its  cavity  becomes  almost 
obUterated.  The  influence  of  warmth  in  diminishing,  and  of  cold  in 
increasing,  the  tonic  contraction  of  the  Arterial  system,  will  be  adverted 
to  hereafter  (chap,  ix.,  sect.  3). 

332.  The  distinctness  of  the  Tonicity  of  Muscles  fi^om  their  Irritability, 
is  fm'ther  shown  by  the  fact,  that  the  former  commonly  survives  the  latter ; 
and  that  it  is  not  destroyed  by  treatment  which  occasions  the  complete 
departure  of  the  Irritability.  The  first  of  these  statements  finds  its  proof 
in  the  phenomena  of '  cadaveric  rigidity'  to  be  j)resently  adverted  to.  Of 
the  latter,  the  following  remarkable  experiment  by  John  Hunter  is  an 
ample  demonstration : — "  From  a  straight  muscle  in  a  bullock's  neck,  a 
portion,  three  inches  in  length,  was  taken  out  immediately  after  the  animal 
had  been  knocked  down,  and  was  exposed  between  two  pieces  of  lead,  to  a 
cold  below  0°,  for  fomteen  minutes ;  at  the  end  of  this  time  it  was  found 
to  be  frozen  exceedingly  hard,  was  become  white,  and  was  now  only  two 
inches  long :  it  was  thawed  gradually,  and  in  about  six  hom^s  after  thawing 
it  contracted  so  as  only  to  measure  one  inch  in  length ;  but  irritation  did 
not  produce  any  sensible  motion  in  the  fibres.  Here,  then,  were  the 
juices  of  muscles  frozen,  so  as  to  prevent  all  power  of  contraction  in  their 
fibres,  without  destroying  then*  life ;  for  when*  thawed  they  showed  the 
same  life  which  they  had  before :  this  is  exactly  similar  to  the  freezing  of 

*  ' General  Principles  of  the  Blood,'  in  "  Hunter's  "Works  "  (Palmer's  Edition'),  vol.  iii. 
p.  110.  ' 
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blood  too  fast  for  its  coagulation,  which,  when  thawed,  does  afterwards 
coagulate,  as  it  depends  in  each  on  the  life  of  the  part  not  being 
destroyed."* 

333.  The  Rigor  Mortis,  or  cadaveric  stiffening  of  the  muscles,  is  pro- 
bably to  be  regarded  as  the  final  manifestation  of  this  property ;  occurring 
after  all  the  Irritability  of  the  muscles  has  departed,  but  before  any 
putrefactive  change  has  commenced.  The  supervention  of  the  rigidity 
is  not  usually  prolonged  much  beyond  seven  hours ;  but  twenty  or  even 
thirty  hovus  may  elapse,  before  it  shows  itself  Its  general  dm'ation  is 
fi'om  twenty-four  to  thirty-six  hours;  but  it  may  pass  off  much  more 
rapidly ;  or  it  may  be  prolonged  through  several  days.  It  first  afiects 
the  neck  and  lower  jaw,  and  seems  gradually  to  travel  downwards;  but, 
according  to  some  observers,  the  lower  extremities  are  stiffened  before 
the  upper.  In  its  departure,  which  is  immediately  followed  by  decom- 
position, the  same  order  is  observed.  It  affects  all  the  muscles  nearly 
alike;  but  the  flexors  are  usually  more  contracted  than  the  extensors,  so 
that  the  fingers  are  somewhat  flexed  on  the  palm,  and  the  fore-arm  on 
the  arm ;  and  the  lower  jaw,  if  previously  drooping,  is  commonly  di-awn 
firmly  against  the  upper.  It  is  remarkable  that  it  is  equally  intense 
in  muscles  which  have  been  paralysed  by  Hemiplegia,  provided  that 
no  considerable  change  has  taken  place  in  their  nutrition.  When  very 
strong,  it  renders  the  muscles  prominent,  as  in  voluntary  contraction. — 
An  attempt  has  been  made  to  connect  it  with  the  lowering  of  the 
Temperature  of  the  dead  body ;  but  with  this  it  does  not  seem  to  have  any 
relation,  since  it  has  frequently  been  observed  to  commence  long  before 
the  heat  has  entirely  depai'ted  from  the  body,  and  appears  first  upon  the 
trunk,  which  is  the  region  last  deserted  by  warmth.  Another  attempt 
has  been  made  to  show  a  correspondence  between  the  Rigor  Mortis  and 
the  Coagulation  of  the  Blood  in  the  vessels;  and  there  is  certainly 
evidence  enough  to  make  it  appear,  that  some  analogy  exists  between 
these  two  actions,  though  they  are  far  from  being  identical.  After  those 
forms  of  death,  in  which  the  blood  does  not  coagiilate,  or  coagulates 
feebly,  the  rigidity  commonly  manifests  itself  least ;  but  this  is  by  no 
means  an  invariable  rule.  It  seems  probable  that,  as  the  coagulation  of 
the  blood  is  the  last  act  of  its  vitality  (§  29),  so  the  stiffening  of  the  muscles 
is  the  expiring  effort  of  theirs,  t 

*  'General  Principles  of  the  Blood,'  in  "  Hunter's  Works  "  (Palmer's  Edition),  vol.  iii. 
p.  109. 

+  It  is  necessary  to  bear  in  mind,  when  the  phenomena  of  Cadaveric  Rigidity  are  brought 
into  question  in  juridical  investigations,  that  a  state  at  first  sight  corresponding  to  it  may 
supervene  immediately  upon  death,  from  some  peculiar  condition  of  the  nervous  and  muscular 
systems  at  the  moment.  This  has  been  observed  in  some  cases  of  Asphyxia;  but  chiefly 
when  death  has  resulted  from  apoplexy  following  chronic  ramollissement  of  the  brain  or  spinal 
cord.  This  contraction,  which  is  obviously  of  a  tetanic  character,  ceases  after  a  few  hours; 
and  is  then  succeeded  by  a  state  of  flexibility,  after  which  the  ordinary  rigidity  supervenes. 
— The  following  case  illustrates  the  nature  of  the  inquiiies,  to  which  this  condition  may  give 
rise.  The  body  of  a  man  was  found  in  a  ditch,  with  the  trunk  and  limbs  in  such  a  relative 
position,  as  could  only  be  maintained  by  the  stiffness  of  the  articulations.  This  stiifness  must 
have  come  on  at  the  very  moment  wlien  the  body  took  that  position  ;  unless  it  could  be 
imagined,  that  the  body  had  been  supported  by  the  alleged  murderers,  until  the  joints  were 
locked  by  cadaveric  stiffness.  A  post-mortem  examination  showed  that  there  was  no  neces- 
sity for  this  supposition — obviously  a  very  improbable  one  in  itself, — by  affording  sufficient 
evidence  that  apoplexy,  resulting  from  chronic  disease,  was  the  cause  of  death.    A  case 
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334.  This  phenomenou  is  rai'elj  absent ;  though  it  may  be  so  slight, 
and  may  last  for  so  short  a  time,  as  to  escape  observation.  The  period 
which  elapses  before  its  commencement,  is  as  variable  as  its  duration ; 
and  both  appear  to  be  in  some  degree  dependent  upon  the  vital  condition 
of  the  body  at  the  time  of  death.  When  the  fatal  termination  has  super- 
vened on  slow  and  wasting  disease,  occasioning  great  general  depression 
of  the  vital  powers,  the  rigidity  usually  developes  itself  very  early,  and 
lasts  for  a  short  time.  And  the  same  is  the  case,  when  the  muscular 
Irritability  has  been  exhausted  previously  or  subsequently  to  death,  by 
repeated  and  powerful  stimulation.  Thus  M.  Brown-Sequard,*  having 
been  desirous  of  ascertaining  the  influence  of  electricity  upon  the  develop- 
ment of  the  rigidity,  subjected  the  bodies  of  four  rabbits  of  the  same  age 
and  ^dgorn-,  which  had  been  killed  by  the  removal  of  the  heart,  to  electro- 
magnetic currents  of  different  intensities ;  a  similar  animal,  killed  in  the 
same  manner,  being  reserved  for  comparison.  The  following  were  the 
residts : — 

I.  Not  electrized.    Rigidity  came  on  in  10  hours,  and  lasted  192  hours. 

II.  Feebly  electrized  .  .7       „         „  144,, 
in.  Somewhat  more  electrized  .      2       „         „         72  „ 

IV.  Still  more  strongly  electrized         .      1  „         „     '    20  „ 

V.  Submitted  to  a  powerful  current     .      7     niin.       „         25  miu. 

Thus  it  appears  that,  the  more  powerful  the  electric  cm-rent,  the  eai'lier 
does  the  rigidity  appear,  and  the  shorter  is  its  duration ;  and  hence  we  can 
readily  understand  that,  when  an  animal  is  killed  by  a  stroke  of  lightning, 
the  rigidity  may  supervene  so  rapidly,  and  may  depart  again  so  early,  as 
to  pass  completely  unnoticed ;  and  we  may  even  admit  the  possibility  of 
the  vitality  being  so  completely  and  immediately  destroyed,  that  the 
rigidity  shall  not  occm^  at  all.  M.  Brown-Sequard  has  further  ascertained,t 
that  the  application  of  the  electric  current  previously  to  death  speedily 
induces  the  rigidity,  which  on  its  departure  i3  followed  by  rapid  putrefac- 
tion. Thus,  one  of  the  posterior  members  of  a  rabbit  was  subjected  for 
half  an  horn*  to  a  powerful  electro-magnetic  current,  and  the  animal  was 
soon  afterwards  killed ;  in  about  two  hom^s  and  a  half,  cadaveric  rigidity 
had  ah-eady  commenced  in  the  electrized  limb,  while  the  other  member 
was  still  supple;  about  two  hours  afterwards,  the  rigidity  had  already 
begim  to  diminish  in  the  electrized  limb,  whilst  it  had  scarcely  com- 
menced in  the  other;  at  the  end  of  two  days,  the  electrized  limb  was 
already  in  incij)ient  decomposition,  whilst  the  other  was  still  rigid: 

occurred  a  few  years  since  in  Scotland,  in  which  the  same  plea  was  raised.  Tlie  body  was 
found  in  a  position,  in  which  it  could  have  only  been  retained  by  rigidity  of  the  joints ;  and 
It  was  pleaded  on  the  part  of  the  prisoner,  that  death  had  been  natural,  and  had  resulted  from 
fracture  of  the  processus  dcniatus,  causing  sudden  pressui'e  upon  the  spinal  cord,  whence  the 
spasmodic  rigidity  would  naturally  result.  Proof  was  deficient,  however,  as  to  the  existence 
of  this  lesion  before  death  ;  and  the  position  of  the  body  ratlier  resembled  that  into  which  it 
might  have  been  forced  during  the  rigidity,  than  that  in  wliich  it  would  probably  have  been 
at  the  moment  of  death.  There  wcie  also  marks  of  violence,  and  many  other  suspicious 
circumstances;  but  the  prisoner  was  acquitted,  cliicfly  from  want  of  evidence  against  him. 
What  seemed  to  indicate  that  the  rigidity  was  of  the  ordinary  cadaveric  nature,  was,  that 
there  was  no  evidence  of  the  body  having  become  flexible  and  again  stiffened  ;  as  it  would 
probably  have  done,  had  tlie  rigidity  been  of  the  spasmodic  character.  (See  "Annales 
d'Hygiene,"  torn,  vii.;  and    Watson  on  Homicide,"  pp.  70,  2GG.) 

•  "  Gazette  Mcdicale,"  1849,  No.  45.  f  Op.  cit.,  Dec.  22,  1849. 
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eight  days  after  deatli,  the  electrized  limb  was  far  advanced  iu  putrefac- 
tion, but  the  other  limb  was  still  rigid;  and  its  rigidity  continued  until 
the  ninth  day,  putrefaction  not  supervening  until  the  twelfth. — If  the 
irritability  be  exhausted  previously  to  death,  by  other  causes,  the  effect  is 
the  same.  Thus  it  was  affirmed  by  Hunter,  that  animals  hiuited  to  death 
do  not  stiffen;  and  although  subsequent  inquiry  has  shown  that  this 
statement  is  not  precisely  correct,  yet  the  rigidity  comes  on  very  early 
in  such  cases  (a  few  minutes  after  death),  and  lasts  but  for  a  short  time.* 
So,  it  has  been  remarked  by  M.  Brown-Sequard,  that  when  animals  die 
from  the  effects  of  poisons  which  produce  convulsions,  the  rigidity  apjjears 
earlier  and  departs  sooner,  in  proportion  to  the  violence  of  the  previous 
convidsive  action.  The  same  is  the  case,  moreover,  in  some  diseases 
which  powerfidly  affect  the  genex-al  vital  energy,  even  though  they  may 
not  have  been  of  long  duration;  thus,  after  death  from  Typhus,  the 
limbs  have  been  sometimes  known  to  stiffen  within  fifteen  or  twenty 
minutes.  The  same  is  obseiwed  in  infants  and  in  old  people.  On  the 
other  hand,  where  the  general  energy  has  been  retained  up  to  a  short 
period  before  death,  the  rigidity  is  much  later  in  coming  on,  and  lasts 
longer;  this  happens,  for  example,  in  many  cases  of  Asphyxia  and 
Poisoning,  in  which  it  has  been  said  not  to  occur  at  all. 

335.  As  the  property  of  Tonicity  manifests  itself  most  decidedly  in  the 
non-striated  muscles  in  the  living  body,  so  do  we  find  this  post-mortem 
contraction  most  remarkable  in  them.  As  soon  as  the  musculai'  walls  of 
the  several  cavities  lose  their  irritability,  they  begin  to  contract  firmly  upon 
their  contents,  and  thus  become  stiff  and  firm,  though  they  were  previously 
flaccid.  In  this  manner,  the  ventricles  of  the  Heart,  which  are  the  first 
parts  to  lose  their  irritability,  become  rigid  and  contracted  within  an  hour 
or  two  after  death ;  and  usually  remain  in  that  state  for  ten  or  twelve 
hom's,  sometimes  for  twenty-fom*  or  thu'ty-six,  then  again  becoming  relaxed 
and  flaccid.  This  rigid  contracted  state  of  the  heart,  in  wliich  the  walls 
are  thickened  and  the  cavities  diminished,  was  formerly  supposed  to  be  a 
result  of  disease,  and  was  termed  concentric  liypertropliy ;  but  it  is  now 
known,  from  the  inquiries  of  Mr.  Paget,  to  be  the  natural  condition  of  the 
organ,  at  the  period  when  the  'rigor  mortis'  occm's  in  it. — The  contraction 
of  the  Arterial  tubes  is  so  great,  as  to  produce  for  the  time  a  great  dimi- 
nution in  theii*  calibre ;  and  this  doubtless  contributes  to  the  passage  of 
the  blood  from  the  arterial  into  the  venous  system,  which  almost  invai'i- 
ably  takes  place  within  a  few  hoiu's  after  death.  The  arteries  then  enlarge 
again,  and  become  quite  flaccid,  their  tubes  being  emptied  of  their  pre- 
vious contents;  and  it  was  fi.'om  this  circmxistance,  that  the  ancient 
Physiologists  were  led  to  imagine,  that  the  arteries  are  not  destined  to 
carry  blood,  but  air. — So  it  has  been  shown  by  Prof  Valentin,t  that  if  a 
graduated  tube  be  connected  with  a  portion  of  Intestine  taken  fi'om  a 
recently-killed  animal,  filled  with  water,  and  tied  at  the  opposite  end,  the 
water  will  rise  in  a  few  hours  to  a  considerable  height  in  the  tube,  os^iug 
to  the  contraction  of  the  intestinal  walls.  The  post-mortem  contraction 
of  the  parturient  uterus,  to  such  an  extent  as  to  expel  the  foetus  of  which 

*  See  Mr.  Gulliver  '  On  the  state  of  the  Blood  and  Muscles  in  Animals  killed  by  Hunting 
and  Fighting,'  in  "  Edinb.  Med.  and  Surg.  Journ.,"  Oct.,  ]  818,  ^ 
+  "  Lehrbuch  der  Physiologie,"  band  ii.  p.  36". 
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the  patieut  had  died  undelivered,  is  a  phenomenon  which  has  been  several 
times  recorded ;  and  Dr.  Robert  Lee  has  witnessed  one  remarkable  case, 
in  which,  the  patient  having  died  suddenly  from  the  rupture  of  the 
uterus  and  escape  of  the  foetus  into  the  abdominal  cavity,  the  uterus  was 
found,  when  an  examination  was  made  twenty-four  hours  after  death,  to 
'^be  completely  inverted.'^ 

7.  Of  the  Nervous  Tissue. 

336.  We  have,  lastly,  to  consider  the  structure,  composition,  mode  of 
; growth  and  regeneration,  and  special  vital  actions,  of  the  Nervous  tissue; 
the  one  whose  existence  is  most  distinctive  of  the  Animal  fabric,  and 
,'  vvhich  serves  as  the  instrument  of  the  operations  that  are  most  peculiar  to 
:it.   Wherever  a  distinct  Nervous  System  can  be  made  out  (which  has  not 
'.yet  been  found  possible  in  the  lowest  of  those  beings,  which,  from  their 
o-eneral  structure  and  habits  of  life,  cannot  but  be  ranked  in  the  Animal 
FKingdom),  it  is  found  to  consist  of  two  very  different  forms  of  structure ; 
t  the  presence  of  both  of  which,  therefore,  is  essential  to  our  idea  of  it  as  a 
'.whole.    We  observe,  in  the  first  place,  that  it  is  formed  of  trunks,  which 
tare  distributed  to  different  parts  of  the  body,  and  especially  to  the  muscles 
tmd  to  the  sensory  surfaces;  and  of  ganglia,  or  masses  with  which  the 
centnil  terminations  of  those  trunks  come  into  connection.    It  is  easily 
•established  by  experiment,  that  the  trunks  themselves  have  no  power  of 
oHginating  changes;  and  that  they  only  serve  to  conduct  or  convey  the 
'influence  of  operations,  which  take  place  at  their  central  or  their  peri- 
pheral extremities.    For  if  a  trunk  be  divided  in  any  part  of  its  course, 
all  the  organs  to  which  the  portion  thus  cut  oflF  from  the  ganglion  is  dis- 
;  tributed,  are  completely  paralysed ;  that  is,  no  impression  made  upon 
them  is  felt  as  a  sensation,  or  produces  any  respondent  movement ;  and 
i  .  no  motion  can  be  excited  in  them  by  any  act  of  the  mind.    Or,  if  the 
\  substance  of  the  ganglion  be  destroyed,  all  the  parts  which  are  exclusively 
:  supplied  by  nervous  trunks  proceeding  from  it,  are  in  like  manner  para- 
lyzed.— But  if,  when  a  trunk  is  divided,  the  portion  still  connected  with 
;  the  ganglion  be  pinched  or  otherwise  irritated,  sensations  are  felt,  which 
are  I'eferred  to  the  points  supplied  by  the  separated  portion  of  the  trunk ; 
which  shows  that  the  part  remaining  in  connection  with  the  ganglion  is 
still  capable  of  conveying  impressions,  and  that  the  ganglion  itself  receives 
these  impressions,  and  makes  them  felt  as  sensations.   On  the  other  hand, 
if  the  separated  portion  of  the  tmnk  be  irritated,  motions  are  excited  in 
the  muscles  which  it  supplies;  showing  that  it  is  still  capable  of  con- 
veying the  motor  influence,  though  cut  off  from  the  usual  source  of  that 
influence. 

337.  In  the  ordinary  Nerve-tiTinks,  we  find  only  one  form  of  Nervous 
■  tissue;  that  which  may  be  designated  as  the  fibrous  or  tubular.    In  the 
(janglia,  we  find,  in  addition  to  this,  a  substance  made  up  of  peculiar  cells 
or  vesicles ;  which  may  be  distinguished  as  the  vesicular  nervous  matter. 
In  fact,  the  character  of  a  Ganglionic  centre  (which  is  frequently  not 

*  See  Dr.  Tyler  Smith's  "Parturition,  iuul  the  Principles  and  Practice  of  Obstetrics," 
!  p.  39. — The  Author  believes  that  Dr.  T.  Smith  was  tlie  tirst  to  attribute  this  set  of  pheno- 
mena to  the  cadaveric  rigidity  of  the  uterus. 
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otherwise  clearly  distinguished  as  such)  is  derived  from  the  presence  of 
this  vesicular  substance  (Fig.  84). 

Fig.  U. 


n  c 


Dorsal  Qunglion  of  Sympathetic  nerve  of  Mouse : — a,  b,  cords  of  connection  with  adjacent 
sympathetic  ganglia;  c,c,c,c,  branches  to  the  viscera  and  spinal  nerves;  d,  ganglionic  globules 
or  cells;  e,  nervous  fibres  traversing  the  ganglion, 

338.  The  ultimate  Nerve-Fihre,  in  its  most  complete  form, — such  as  is 
presented  to  us  in  the  ordinary  cranio-spinal  nerves, — is  distinctly  tubu- 
lar; being  composed  of  an  external  cylindrical  membranous  sheath,  within 
which  the  peculi;u*  nervous  matter  is  contained.  This  membranous  tube, 
like  the  Myolcmma  of  muscular  fibre,  is  extremely  delicate  and  trans- 
parent; and  is  neai'ly  or  quite  homogeneous.  It  is  not  penetrated  by 
blood-vessels;  nor  is  it  ever  seen  to  branch  or  anastomose  with  others;  so 
that  there  is  reason  to  regai'd  it  as  forming  one  continuous  sheath,  which 
isolates  the  contained  matter  fi'om  the  surrounding  tissue,  along  the  whole 
course  of  the  nerve-trunk,  from  its  central  to  its  peripheral  extremity. 
When  the  nerve-fibres  are  examined  in  a  very  fresh  state,  their  contents 
appear  pellucid  and  homogeneous,  and  of  a  fluid  consistence ;  so  that  each 
tube  or  fibre  looks  like  a  cylinder  of  clear  glass,  with  simple,  well-defined, 
dark  edges.  But  a  kind  of  coagulation  soon  takes  place  in  the  contained 
substance,  making  it  easily  distinguishable  from  the  tube  itself;  for  the 
latter  is  then  mai'ked  by  a  double  line,  as  shown  in  Fig.  85,  a.  The 
substance  -which  is  in  immediate  contact  with  the  inner  wall  of  the 
nerve-tube,  is  more  opaque  than  that  which  occupies  its  centre,  and  of  a 
different  refractive  power;  and  thus  it  forms  a  hollow  cylinder,  which 
surrounds  the  latter,  and  which  is  known  under  the  name  of  the  '  white 
substance  of  Schwann.'  The  centre  or  axis  of  the  tube  is  occupied  by  a 
substance  that  preserves  its  transparency ;  and  this  is  the  '  axis-cylinder 
of  Rosenthal  and  Purkinje,  the  'primitive  band'  of  Remak.  Much  dis- 
cussion has  taken  place  respecting  the  condition  under  which  this  centi'al 
substance  exists  in  the  living  nerve-fibre ;  some  microscopists  considering 
that  it  is  then  soft  and  semi-fluid,  and  that  its  subsequent  firmness  is 
derived  from  a  kind  of  coagTilation ;  whilst  others  maintain  that  it  always 
possesses  a  considerable  degree  of  firmness  and  tenacity,  and  that  it  must 
be  considered,  not  only  as  having  a  proper  independent  existence,  but  as 
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oeiug  the  essential  part  of  the  tubular  fibre.  This  last  view  has  recently 
oeeii  strenuously  contended-for  by  Prof.  Kolliker,*  who  maintains  that  we 
ilo  not  distinguish  it  in  the  living  nerve-tube,  merely  because  it  then 
possesses  the  same  refractive  power  as  the  surrounding  substance,  and  who 
urges  the  readiness  with  which  it  may  be  brought  into  view  by  various 
reagents  (such  as  concentrated  acetic  acid,  alcohol,  ether,  iodine,  &c.),  in 
itierves  taken  directly  from  the  living  animal,  as  a  proof  of  the  distinctness 
iQf  its  chai'acter.  The  effects  of  reagents  further  lead  to  the  suspicion, 
bhat  the  '  axis-band'  (this  term  being  preferable  to  axis-cylinder,  since  the 
iuubstance  seems  more  commonly  to  possess  a  flattened  than  a  cylindrical 
ibrm),  is  of  an  albuminous  nature ;  and  that  the  '  white  substance  of 
v5chwann '  is  the  oleaginous  constituent  of  the  nerve-fibre.  The  best 
">jvidence  of  the  superior  consistence  of  the  axis-band  during  life,  appears 
oo  the  Author  to  be  derived  from  the  distinct  continuity  which  it  may 
we  not  imfrequently  seen  to  present  when  prolonged  beyond  its  envelopes 


Fig.  85. 


Structure  of  Tubular  Nerve  fibres,  magnified  350  diameters: — a,  cylindrical  tuljuli  from 
nerve ;  b,  varicose  tubuli  from  brain  ;  c,  nerve-tubes,  of  which  one  exhibits  the  remains  of  nuclei 
in  its  walls. 


§  343) ;  and  from  its  occasional  fission  into  finer  fibrillse,  the  tendency 
:o  which  subdivision  is  often  marked  by  a  longitudinal  striation.  Whilst 
:his  element  of  the  nerve-fibre  is  constant,  the  'white  substance  of 
■  Schwann '  is  extremely  variable  in  its  amount,  and  not  unfrequently 
seems  to  be  almost  entirely  deficient,  especially  in  the  '  varicose '  tubes, 
where  it  is  only  visible  in  the  varicosities;  it  may  be  surmised  that  the 
•liief  purpose  served  by  this  substance  is  the  more  complete  isolation  of 
the  '  axis-band.'    The  membranous  sheath  itself  varies  in  density  in  dif- 
:  Purent  parts,  being  stronger  in  the  nervous  trunks  than  in  the  substance 
j  jf  the  brain  and  spinal  cord.    In  the  former,  it  is  not  difiicult  to  show 
I  that  the  regular  form  of  the  nerve-tube  is  a  perfect  cylinder ;  though  a 
j  little  disturbance  will  cause  an  alteration  in  this, — a  small  excess  of  pres- 
!  sure  in  one  part  forcing  the  contents  of  the  tube  towards  another  portion, 
i  where  they  are  more  free  to  distend  it,  and  thus  producing  a  swelling. 
'  The  greater  delicacy  of  the  tubular  shcfith  in  the  latter,  causes  this  result 

*  "  Mikroskopische  Anatomie,"  band  ii.  p.  393,  et  seq. 
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to  take  iDlace  with  yet  more  readiness ;  so  tliat  a  very  little  manipuIatioQ 
exercised  upon  the  fibres  of  the  brain  or  spinal  cord,  or  on  those  of  sijecial 
sense,  occasions  tliem  to  assume  a  varicose  or  beaded  appearance  (Fiir 
85,  b),  which,  when  first  observed  by  Ehrenberg,  was  thought  to  be  cha- 
racteristic of  them.  When  the  fibres  of  these  parts  are  examined,  how- 
ever, without  any  such  preparation,  and  especially  when  they  are  seen  in 
situ,  they  are  foimd  to  be  as  cylindrical  as  the  others. — The  diameter  of 
the  tubular  fibres  of  the  Cerebro-spinal  nerve-trunks  in  Man,  usually  varies 
from  about  1-2 000th  to  l-4000th  of  an  inch;  being  sometimes  as  great 
however,  as  l-500th  of  an  inch,  and  sometimes  much  below  the  least  of 
the  above  dimensions.  The  fibres  decrease  in  size  as  tliey  approach  the 
brain,  either  directly,  or  through  the  medium  of  the  spinal  cord;  and  in 
the  brain  itself  they  continue  to  diminish,  as  they  pass  through  the  me- 
dullary towards  the  cortical  i^ortion ;  so  that  they  are  very  commonly 
found  of  no  more  than  l-7000th  or  l-8000th  of  an  inch  in  diameter,  and 
sometimes  as  little  as  1-1 4,000th. — The  Sympathetic  system  contains,' with 
a  few  tubular  fibres  of  the  full  size,  a  great  number  of  much  smaller 
dimensions,  ranging  from  about  l-8300th  to  l-4500th  of  an  inch  in 
diameter,  and  not  presenting  a  distinct  double  contour,  although  having 
a  well-defined  shai-p  outline.  These  were  designated  by  Bidder  and  Volk- 
mann,  who  first  directed  attention  to  them,  the  '  fine '  fibres ;  but  it  is 
now  well  ascertained  that  there  is  nothing  to  distinguish  them  from  other 
fibres  of  like  dimensions  elsewhere. 

339.  Besides  these  proper  tubular  nerve-fibres, — of  which,  in  combina- 
tion with  areolar  and  fibrous  tissue,  blood-vessels,  &c.  a  large  proportion 
of  the  Cerebro-spinal  nerve-trunks  are  made  up, — there  are  certain  other 
fibres,  which  ai-e  pecuharly  abundant  in  the  trunks  of  the  Sympathetic 
system,  and  which  are  of  difierent  character  from  the  preceding.  They 
are  chiefly  distinguished  by  their  small  size,  their  diameter  not  being 
above  one-half  or  one-third  of  that  of  the  ordinaiy  nervous  tubuli.  They 
are  destitute  of  the  double  contour,  which  has  been  shown  to  result  in  the 
preceding  case  from  the  presence  of  two  distinct  substances  within  the 
tubular  investment;  and  their  substance  appears  to  be  homogeneous,  or 
at  most  but  faintly  granular,  with  numerous  nuclear  corpuscles  scattered 
through  it,  which,  when  not  originally  visible,  are  brought  into  view  by 
the  agency  of  acetic  acid.    When  these  fibres  are  aggregated  in  bundles, 
they  possess  a  yellowish-grey  colour;  and  they  imj)ai-t  somewhat  of  this 
hue  to  the  nexwe-tnmks  in  which  they  predominate.    Although  these 
fibres,  which  are  distinguished  as  the  'grey'  or  'gelatinous,'  exist  in 
greater  proportion  in  the  Sympathetic  system  than  in  the  Cerebro-spinal, 
yet  they  are  present  in  great  numbers  in  some  of  the  trunks  of  the  latter, 
the  Olfactive  nerves  being  almost  enthely  composed  of  fibres  presenting 
their  most  essential  chai'acters ;  *  and  they  even  seem  to  be  frequently 
continuous  with  the  ordinary  tubular  fibres,  especially  with  those  of 
smallest  diameter.    They  may  be  traced  into  the  ganglia  of  the  Sympa- 
thetic, into  the  ganglia  on  the  posterior  roots  of  the  Spinal  nerves,  and 
even  to  the  ganglionic  matter  of  the  Brain  and  Spinal  Cord.t 

■*  See  Messrs.  Todd  and  Bowman's  "  Physiological  Anatomy,"  vol.  ii.  p.  9. 

■\-  Much  controversy  has  taken  place  in  Gemiany,  regarding  the  existence  of  a  set  of  fibres 
peculiar  to  the  Sympathetic  system.  The  ffiri/  or  (^clathiotis  fibres,  described  by  Rcmak,  and 
(following  him)  by  MUller  and  others,  as  essentially  constituting  the  'organic'  system  ot 
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340.  The  second  primary  element  of  the  Nervous  system,  without 
•hich  the  fibrous  portion  would  seem  to  be  totally  inoperative,  is  com- 
osed  of  nucleated  Cells  or  Vesicles,  containing  a  finely  granular  substance, 
ud  lying  somewhat  loosely  in  the  midst  of  a  minute  plexus  of  blood- 
>5sels.    Their  original  form  may  be  regarded  as  globular ;  whence  they 
ive  been  called  ganglion-globules.   This,  however,  is  liable  to  alteration ; 
inetimes,  perhaps,  from  external  compression;  but  more  commonly 
trough  their  own  irregular  mode  of  growth.    They  frequently  extend 
aemselves  into  long  processes,  which  may  give  them  (according  to  the 
umber  thus  projecting)  a  'caudate'  or  a  'stellate'  form  (Fig.  86).  These 


Fig.  86. 


B 


D 


Various  forms  of  Ganglionic  Vesicles: — a,  b,  large  stellate  cefls,  with  their  prolongations,  from 
the  anterior  horn  of  the  grey  matter  of  the  Spinal  Cord  ; — c,  nerve  cell  with  its  connected  fibre, 
from  the  anastomosis  of  the  facial  and  auditory  nerves  in  the  Meatus  auditorius  internus  of  the 
Os;  a,  cell-wall;  b,  cell-contents;  c,  pigment;  d,  nucleus;  e,  prolongation  forming  the  sheath 
of  the  fibre;  /,  nerve-fibre: — d,  nerve-cell  from  the  substantia ferruginea  of  Man: — e,  smaller 
cell  from  the  Spinal  Cord.    Magnified  350  diameters. 

rocesses  are  composed  of  a  finely-gTanular  substance,  resembling  that  of 
he  interior  of  the  vesicle,  with  which  they  seem  to  be  distinctly  con- 
iuuous.  They  are  very  liable  to  break  off  near  the  vesicle ;  but  if  traced 
0  a  distance,  they  are  found  to  divide  and  subdivide,  and  at  last  to  give 
ff  some  extremely  fine  transparent  fibres ;  some  of  which  seem  to  inoscu- 
ite  with  those  of  other  stellate  cells,  whilst  others  become  continuous 
vith  the  axis-cylinders  of  tubular  fibres,  or  with  gelatinous  fibres.  Such 
esicles  are  seen  alike  in  the  ganglionic  masses  of  the  Cerebro-spinal,  and 
n  those  of  the  Sympathetic  system. — Besides  the  finely-granular  sub- 
tance  just  mentioned,  these  cells  usually  contain  a  collection  of  pigment- 
al crves,  have  been  affirmed  by  several  eminent  authorities  not  to  be  entitled  to  the  designa- 
ion  of  nerve-fibres  at  all,  but  to  be  a  form  of  simple  fibrous  tissue;  and  the  ^iwe  tubular 
brcs  described  above,  were  considered  by  Bidder  and  Volkniann  to  be  the  peculiar  consti- 
uents  of  the  Sympathetic  system.  Further  researches,  however,  seem  to  have  removed  all 
oubt  as  to  the  real  nature  of  the  gelatinous  fibres  ;  as  their  continuity  with  the  stellate 
irolongations  of  the  ganglionic  cells,  and  with  the  tubular  fibres,  is  now  establislied  by  the 
oncurrent  testimony  of  many  excellent  observers. — For  a  valuable  summary  of  this  contro- 
ersy,  see  Dr.  Sharpey's  Introduction  to  "  Quain's  Elements  of  Anatomy,"  p.  ccxxvii. 


334 


PBIMARY  TISSUES  OP  THE  HUMAN  BODY. 


granules,  whicli  especially  cluster  round  the  nuclei,  and  give  them  a 
reddish  or  yellowish-brown  colour.  This  pigment  seems  to  have  some 
resemblance  to  the  hfematine  of  the  blood ;  and  it  is  usually,  if  not  invai-i- 
ably,  deficient  among  the  Invertebrata,  as  well  as  less  abundant  in  Reptiles 
and  Fishes.  The  vesicles  are  sometimes  covered  with  a  layer  of  a  soft 
granular  substance,  which  adheres  closely  to  their  exterior  and  to  their 
processes ;  this  is  the  case  in  the  outer  part  of  the  cortical  substance  of 
the  human  brain.  In  other  instances,  each  cell  is  inclosed  in  a  distinct 
envelope  composed  of  smaller  cells,  closely  adherent  to  each  other,  and  to 
the  contained  cell ;  such  an  arrangement  is  common  in  the  smaller  gang- 
lia, and  in  the  inner  portion  of  the  cortical  substance  of  the  brain. — The 
diameter  of  the  vesicles  is  extremely  variable,  owing  to  the  changes  of 
form  above  described;  that  of  the  globular  cells  is  usually  between 
l-300th  and  l-1250th  of  an  inch. 

341.  In  the  central  or  ganglionic  masses  of  the  Nervous  system,  we  find 
these  vesicles  aggregated  together,  and  imbedded  in  a  finely-gTaniolar 
matter ;  the  whole  being  traversed  by  a  minute  plexus  of  cajiillary  blood- 
vessels.   The  entire  substance,  made  \ip  of  these  distinct  elements,  is 
commonly  known  as  the  cineritious  or  cortical  substance ;  being  distin- 
guished by  its  colour,  in  Man  and  the  higher  animals  at  least,  from  the 
^vhite  substance  composed  of  nerve-tubes,  of  which  the  trunks  of  the 
nerves,  as  well  as  a  large  part  of  the  brain  and  spinal  cord,  are  made  up ; 
and  occupying  in  the  brain  a  position  external  to  the  latter,  which  is 
often  termed  the  mechdlary  substance.    This  position,  however,  is  quite 
an  exceptional  one  ]  for  in  the  sjiinal  cord  and  in  the  scattered  ganglia  of 
Vertebrated  animals,  and  in  all  the  ganglionic  centres  of  Invertebrata, — 
everywhere,  in  fact,  except  in  the  Brain, — the  vesicular  nerve-substance 
occupies  the  centres  of  the  g-anglia;  consequently  the  terms  'cortical'  and 
'  medullary,'  as  applied  to  the  vesicular  and  tubular  substances  respectively, 
are  quite  inappropriate.    Nor  are  the  designations,  that  have  reference  to 
their  colour,  much  more  uniformly  con-ect:  for,  as  we  have  seen,  the 
vesicular  substance  may  be  destitute  of  internal  iDigment-gTanules,  and 
the  blood  in  its  capillary  plexus  may  be  pale  or  colourless ;  so  that  the 
reddish-grey  hue,  which  is  expressed  by  the  term  '  cineritiovis,'  may  be 
entirely  wanting;  whilst,  on  the  other  hand,  we  have  seen  that  certain 
of  the  nerve-fibres,  making  up  what  is  commonly  termed  the  'white'  sub- 
stance, are  of  a  grey  coloiu".    Hence  the  only  vahd  distinction  between 
these  two  kinds  of  nervous  matter,  is  that  which  has  reference  to  their 
constitution; — as  consisting  of  cells  or  vesicles  on  the  one  hand,  or  of 
tubes  or  fibres  on  the  other. 

342.  The  connection  between  the  'fibrous'  and  the  'vesicular'  elements, 
in  the  Nervous  Centres,  is  a  question  to  which  great  attention  has  been 
paid  for  some  time  past  by  Microscopic  observers ;  but  it  is  one  of  such 
intricacy  and  difficulty,  that  it  is  still  far  from  being  satisfactorily  eluci- 
dated. It  is  certain,  however,  that  some  of  the  nerve-fibres  come  into 
direct  continuity  with  the  ganglionic  cells  or  vesicles;  and  two  principal 
modes  of  such  connection  have  been  observed.  Some  of  the  fine  granular 
prolongations  of  the  'stellate'  nerve-cells,  are  traced  into  the  fomi 
of  'gelatinous'  fibres;  and  these,  at  a  greater  distance  from  their 
centre,  exhibit  more  and  more  of  the  tubular  character,  and  at  last 
become  ordinary  'tubular'  fibres.    On  the  other  hand,  a  spheroidal 
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vesicle  is  often  observed  to  be  directly  continuous  with  a  tubular  fibre, 
the  transparent  membranous  envelope  of  the  latter  being  a  prolongation 
of  tlie  cell-wall,  and  the  substances  which  it  contains  being  in  connection 
with  those  included  within  the  cell-cavity  (Fig.  86,  c).  According  to 
Prof  Kolliker,*  it  is  rare  among  the  higher  animals  for  a  single  vesicle 
to  be  thus  connected  with  more  than  one  nerve-tube,  although  two  or 
more  ai'e  frequently  found  to  issue  from  the  same  corpuscle  in  Fishes  and 
Reptiles;  and  he  regards  the  remaining  prolongations  of  the  stellate 
cells  in  the  Hght  of  nervi  nervorum.  It  appears  certain,  however,  that 
there  ai-e  many  ganglionic  vesicles  which  do  not  possess  any  such  connec- 

■  tion  with  nei-^'e-fibres ;  whilst,  on  the  other  hand,  it  seems  possible  that 
there  may  be  nerve-fibres  which  have  no  such  central  terminations,  but 
which  simply  enter  the  ganglionic  masses,  pass  around  and  amongst  the 

I  cells,  and  then  emerge  without  having  undergone  any  distinct  change,  save 
that  they  present  a  soft  and  varicose  appearance  whilst  threading  their 
'  way  between  the  vesicles.  This  appearance,  according  to  Mr.  Newport, 
1  may  be  distinguished  in  the  ganglia  of  the  dorsal  column  of  Articulated 
:  animals.  + — As  yet,  nothing  is  certainly  known  of  the  purposes  to  which 

•  these  different  modes  of  connection  are  respectively  subservient. 

343.  The  mode  in  which  the  Nerve-fibres  terminate,  at  their  peripheral 
<  extremities,  seems  not  to  be  always  the  same.  It  has  been  already  shown 
'  that  the  motor  fibres,  which  are  distributed  to  the  muscles,  have  no 
1  proper  terminations;  a  series  of  loops,  retm-ning  into  themselves  or  join- 
;  ing  othei-s,  being  formed  by  the  ultimate  ramifications  of  the  main 
trunks  (§  309).  These  loops  in  Man  seem  to  be  formed  by  comj)lete 
! tubular  fibres;  but  in  some  of  the  lower  animals  (as  the  Frog),  the 

•  'axis-band'  seems  to  pass  beyond  its  envelopes,  and  to  split  up  into  more 
:  minute  fibrillse.— So  in  the  tactile  papillfe  of  the  Human  Skin,  the 
!  looped  termination  of  the  fibres  (Fig.  87)  can  ordinarily  be  well 
I  made  out  by  the  method  described  by  Prof  Kolliker  (§  239);  but  in  the 
t  tail  of  the  Tadpole,  as  also  in  the  mesentery  of  the  Amphibia,  it  was  first 
I  observed  by  Schwann,  J  and  has  been  since  confirmed  by  Dr.  Sharpey,§ 
t  that  the  ordinary  primitive  nerve-fibres,  after  separating  from  the  fasciculi, 
I  divide  into  fibrils  of  much  smaller  size,  bearing  a  strong  resemblance  to 
I  the  'gelatinous'  kind,  which  spread  out  in  various  directions,  and  form  a 

*  See  his  'Neurological  Observations' in  "  Kolliker  and  Siebold's  Zeitschrift "  for  1849, 
and  his  "  Mikroskopische  Anatomie,"  band  ii. 

+  Certain  observations  which  have  been  made  upon  the  Nervous  system  of  foetuses,  in 
which  the  brain  and  spinal  cord  were  wanting,  confirm  the  idea  that  this  is  one  of  the  modes 
in  which  the  nerve-trunks  come  into  connection  with  their  ganglionic  centres.    The  nervous 
cords  were  for  the  most  part  developed  ;  and  at  their  (so-called)  origins  or  central  extremities, 
:  they  were  found  to  hang  as  loose  threads  in  the  cavities  of  the  cranium  and  spine.    On  exa- 
;  raining  these  threads,  it  was  found  that  the  nerve-tubes,  of  which  they  consisted,  formed 
'  distinct  loops ;  each  of  which  was  composed  of  a  fibre  that  entered  the  cavity,  and  then 

■  returned  from  it.  These  loops  were  imbedded  in  granular  matter,  resembling  that  inter- 
.  posed  between  the  vpsicles  in  the  cortical  substance  of  the  brain,  and  perhaps  to  be  regarded 
i  as  vesicular  matter  in  an  early  stage  of  its  formation.    All  that  is  known  of  the  laws  of 

formation  of  such  irregular  productions,  leads  to  the  belief,  that  we  may  rightly  consider 
this  arrangement  of  the  nerve-tubes  as  one  which  exists  in  the  nervous  centres,  when 
they  are  normally  developed.    (See  Dr.  Lonsdale,  in  "  Edinb.  Med.  and  Surg.  Journal  " 
'  No.  157  ;  and  Mr.  Paget  in  "  Brit,  and  For.  Med.  Rev.,"  No.  43,  p.  273.)  ' 
X  "  Medizinischen  Zeitung,"  Aug.,  1837. 
§  Introduction  to  "  Quain's  Elements  of  Anatomy,"  p.  ccxviii. 
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plexus  not  unlike  tliat  of  the  cajDillaries.  The  origin  of  these  plexuses 
has  been  traced  by  Prof.  Kollikcr;*  who  has  found  that  they  are  formed, 
like  capillary  plexuses  (§  294,)  by  the  inosculation  of  the  prolongations  of 
radiating  cells,  whose  centres  are  at  a  considerable  distance  from  each 
other.    Looped  terminations  may  be  seen  in  the  nerves  supplying  the 

Fig.  fi7. 


Distribution  of  the  Tactile  Nerves  at  the  extremity  of  the  Human  Thumb,  as  seen  in  a 
thin  perpendicular  section  of  the  skin. 

dental  sacculi,  and  in  those  of  the  conical  papillse  of  the  tongue;  on  the 
other  hand,  in  the  fungiform  papilloa  of  the  tongaie,  the  Author,  after  a 
very  attentive  search  for  them  (in  conjunction  with  Messrs.  Bowman, 
Kiernan,  and  T.  Wharton  Jones),  could  not  succeed  in  distinguishing 
them  j  no  free  extremities,  however,  were  discernible ;  and  some  appear- 
ances were  seen,  which  indicated  that  the  axis-band  is  here  also  pro- 
longed beyond  its  envelopes,  and  is  continued  as  a  gelatinous  fibre  into 
the  tissue  at  the  apex  of  the  papilla,  where  it  ceases  to  be  distinguish- 
able.— It  will  hereafter  be  shown,  that  in  the  Retina,  in  some  parts  of 
the  internal  Ear,  and  perhaps  also  on  the  Olfactory  surface,  the  periphe- 
ral fibres  come  into  relation  with  true  ganglionic  cells ;  and  it  may  be 
questioned  whether  it  be  not  as  requisite  for  the  reception  of  any  other 
kind  of  sensory  impressions  than  those  of  a  mere  mechanical  natm-e,  that 
a  ganglionic  vesicle,  or  its  equivalent  under  some  other  aspect,  should  be 
in  connection  with  the  joeripAeraZ  expansions  of  the  sensory  nerves,  as  it 
is  for  the  origination  of  motor  impulses,  that  ganglionic  vesicles  should 
be  in  relation  with  them  in  the  central  organs. 

344.  One  very  peculiar  mode  of  termination  of  certain  of  the  Nervous 
fibres,  the  physiological  import  of  which,  however,  is  entirely  unknown,  is 
in  the  bodies  termed  Pacinian,  after  Pacini,  the  first  writer  who  gave  an 
account  of  their  internal  structure,  and  demonstrated  their  essential 
connection  with  the  nervous  fibres.  His  researches  have  been  followed 
up  by  Henle  and  Kolliker,t  and  also  by  Mr.  Bowman.  :j:  These  bodies 
are  found  in  considerable  numbers  attached  to  the  branches  of  the 
nerves  of  the  hand  and  foot,  as  they  pass  through  the  subcutaneous  fat  iu 
their  way  to  the  skin  (Fig.  88,  b)  ;  they  are  also  occasionally  met-witb 
on  subcutaneous  nerves  elsewhere,  and  they  have  been  discovered  on 
the  nerves  of  the  solar  plexus  in  the  abdominal  cavity.    Their'  form 

*  "  Annales  des  Sciences  Naturelles,"  Zool.,  Aout,  1846. 
f  "  Ueber  die  Pacinischen  Korperchen,"  Zurich,  1844. 

X  "  Cyclopaedia  of  Anatomy  and  Physiology,"  Art.  '  Pacinian  Bodies,'  and  Todd  and 
Bowman's  "  Physiological  Anatomy,"  vol.  i.  p.  39.'). 
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usually  approaches  to  the  oval,  though  they  are  generally  more  or  less 
cm-ved  or  reniform;  and  their  mean  size  in  the  adult  is  from  1-1 5th  to 
1-1 0th  of  an  inch  in  length,  and  from  l-26th  to  l-20th  of  an  inch  in 
breadth.  They  are  attached  to  the  branches  of  the  nerves  on  which 
they  cluster,  by  slender  peduncles,  each  of  which  consists  of  a  single 
tubular  nerve  fibre,  with  one  or  more  fine  blood-vessels,  and  a  sheath  of 
areolar  tissue  (Fig.  88,  A,  a,  6).  The  corpuscle  itself  consists  of  nume- 
rous concentric  capsules,  of  a  delicate  fibrous  membrane,  enclosing  each 
other  like  the  coats  of  an  onion, 

.  to  the  number,  sometimes,  of  be-  F^«-  88. 

1  tween  forty  and  sixty ;  those  which 

'  form  the  internal  portion  (c)  being- 
closer  together  than  those  of  the 
outer  part  (cZ).  These  capsules  are 
kept  apart  by  a  ti'ansparent  fluid 

'  (probably  albuminous),  which  also 

.  occupies  the  central  cavity.  The 

■  nerve-fibre  gradually  loses  its  neu- 
rilemma as  it  passes  thi-ough  the 

-  series  of  capsules,  but  still  retains 

1  its  dai'k  double  contour-  until  it 
enters  the  cavity;  from  that  point, 
however,  it  presents  the  characters 
of  the  '■  gelatinous '  fibres,  being 

j  pale,  flattened,  granular,  and  des- 
titute of  a  tubular  envelope ;  and 
this  it  usually  retains  as  far  as  its 
termination.  The  fibre  usually 
ends  in  a  sort  of  knob  at  the 
farthest  extremity  of  the  capsule ; 
sometimes,  however,  it  bifurcates, 
and  each  division  ends  in  a  similar 
knobj  and  still  more  rarely,  it 
separates  into  thi-ee  parts  (/). — 

The  constant  presence  of  these  Human  Pacinian  Corpuscles  : — a,  single  corpuscle, 
bodies,  in  certain  regions  of  the         magnified,  showing  «  its  peduncle,  b  its  con- 

,                          i/iiiii  j.<^gx<ji_io  Kji.  tained  nerve-fibre ;  c,  outer  layers  and    inner  layers 

body,  m  perfectly  healthy  indivi-  of  the  capsule;  e,  nerve-fibre  become  pale  in  its  pas- 

,j,,„l_  „r  „ii                  J             •      .1  sage  through  the  interior  of  the  corpuscle; /,  its  sub- 

lUdlS  Ot  aU  ages,  and  even  m  the  division  and  termination  :-b,  portion  of  digital  nerves 

:  OetuS,  is  quite  sufficient  to  nea'a-  ^^''^  Pacinian  corpuscles  attached,  rather  less  than  the 

„            _  ,       _p  natural  size. 

ive  the  idea  put  forward  by  Cru- 

/eilhier  and  others,  that  they  are  morbid  or  accidental  productions,  pro- 
oably  resulting  from  pressure  applied  to  the  nerves.  On  the  other  hand, 
lie  suggestion  of  Pacini,  adopted  by  Henl6  and  Kolliker,  that  they  are 
inalogous  in  function  to  the  electrical  organs  of  Fishes  (to  which  they 
•ear  a  certain  degree  of  structural  resemblance),  has  no  sufficent  evidence 
n  its  favour. 

34d.  The  Chemical  constitution  of  the  Nervous  matter  is  peculiar,  but 
las  not  yet  been  satisfactorily  made  out.    An  acquaintance  with  its  general 
eatures  is  of  importance,  however,  in  leading  us  to  recognise  in  the  excretions 
he  results  of  its  decomposition. — The  following,  according  to  L'Heritier  * 
"  "  Traits  de  Chimie  Pathologique,"  p.  596. 

Z 
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is  the  relative  proportion  of  the  different  constituents  in  individuals  of 
different  classes : — 


Infants. 

Youths. 

Adults. 

Aged  Persons. 

Idiots, 

Water 

82-79 

74-26 

72-51 

73-85 

70-93 

Albumen  . 

7-00 

10-20 

9-40 

8-65 

8-40 

Fat  . 

3-45 

5-30 

6-10 

4-32 

5-00 

Osmazomel*  and  Salts 

,5-96 

8-59 

10-19 

12-18 

14-82 

Phosphorus  . 

0-80 

1-65 

1-80 

1-00 

0-86 

According  to  M.  Fremy,  the  Phosphorus  is  combined  with  part  of  the 
fatty  matter ;  and  forms  with  it  two  peculiar  fatty  acids,  termed  by  him 
the  Cerebi'ic  and  Oleojylio&'plioric  (§  44). — Cholesterin  has  also  been  ex- 
tracted from  the  brain  by  M.  Fremy  in  considerable  quantity;  and  is 
perhaps  to  be  regarded  as  one  of  the  products  of  its  disintegration 
(§  43). — The  proportion  of  Fixed  Salts  is  about  3|  parts  in  100  of  di-y 
Cerebral  matter-;  the  nature  of  these  has  not  yet  been  satisfactorily 
determined,  but  they  seeiii  to  be  chiefly  alkaline  phosphates  and  carbo- 
nates.— According  to  Lassaigne,  the  chemical  composition  of  the  '  cortical ' 
and  'medullary'  substances  of  the  brain  is  essentially  different ;  the  former 
containing  85  per  cent  of  water,  whilst  the  latter  has  only  73;  the  cortical 
substance  having  also  3-7  per  cent  of  a  red  fatty  matter,  of  which  the 
medullary  has  scai'cely  any;  and  being  almost  entirely  destitute  of  the 
white  fatty  matter,  which  exists  in  large  proportion  in  the  latter. — The 
Albuminous  matter  in  the  above  analyses  probably  constitutes  the  walls 
of  the  nen'^e-cells  and  nerve-tubes  (as  well  as  of  the  capillai-y  blood- 
vessels), and  that  portion  of  their  contents  which  is  represented  in  the 
nerve-tubes  by  the  'axis-band';  whilst  the  phosphorized  fats  seem  to  form 
the  'white  substance  of  Schwami'  in  the  tubular  fibres,  and  a  considerable 
part  of  the  contents  of  the  vesicles. — It  will  be  remarked,  that  the 
amount  of  phosphorus  is  the  greatest  at  the  period  of  greatest  mental 
vigoui*;  and  that  in  infancy,  old  age,  and  idiocy,  the  proportion  is  not 
above  half  that  which  is  present  diu-ing  the  adolescent  and  adult  periods. 

346.  The  Nervous  System  is  very  copiously  supphed  with  Mood- 
vessels  ;  the  arrangement  of  which  varies  according  to  the  form  of  the 
elementary  parts  in  which  they  ai-e  distributed.  Thus  in  the  Vesicular 
substance  of  the  nervous  centres,  the  capillaries  form  a  minute  net-work 
(Fig.  89),  in  the  interstices  of  which  the  ganglionic  cells  are  iijcluded. 
In  the  Fibrous  substance,  the  capillaries  are  distributed  much  on  the 
same  plan  as  in  Muscular  tissue  (Fig.  80);  the  net- work  being  composed 
of  straight  vessels,  which  run  along  the  course  of  the  fibres,  passing 
between  the  nerve-tubes,  and  which  are  connected  at  intervals  by  trans- 
verse branches.  And  at  the  sensory  extremities  of  the  nerves,  we  find 
loops  of  capillaries  (Fig.  90)  arching  over  their  terminal  and  probably 
looped  filaments. — The  Brain  of  Man,  taken  en  masse,  has  been  estimated  to 
receive  one-sixth  of  the  whole  amount  of  blood,  althovigh  its  weight  is  not 
usually  more  than  one-fortieth  part  of  that  of  the  entire  body.  Whether 
or  not  this  estimate  be  precisely  correct,  there  can  be  no  doubt  that  it 
receives  far  more  blood  than  any  other  part  containing  the  same  amount 

•  It  is  probable  that,  in  the  above  analyses  of  L'Heritier,  the  Cerebric  acid,  which  is  not 
soluble  in  ether,  is  included  under  the  head  of  Osmazome  ;  for  the  analyses  of  Denis  and 
other  chemists  give  a  much  higher  proportion  to  the  Phosphorized  Fat,  and  a  much  smaller  one 
to  the  ill-defined  compounds  represented  by  the  designation  Osmazome. 
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of  solid  matter.  Now  this  copious  sujjply  of  blood  evidently  has  reference 
to  two  distinct  objects;  first,  to  supply  the  necessary  conditions  for  the 
action  of  the  Nervous  system ;  and,  secondly,  to  maintain  its  nutrition. 
Many  circumstances  lead  to  the  conclusion,  that,  in  the  Nervous  as  in  the 
Muscidar  system,  every  vital  operation  is  necessarily  connected  with  a 


Fig.  89.  Fig.  90. 


Capillary  net-work  of  Nervous  Centres.  Distribution  of  Capillaries  of  the  surface 

of  the  Skin  of  the  finger. 


certain  change  of  composition,  so  that  no  manifestation  of  nervous  jjower 
.  can  take  place,  unless  this  change  can  be  effected  (§§  358 — 362).  There 
i.is  strong  reason  to  believe,  further,  that  this  change  essentially  consists 
i  in  the  union  of  Oxygen  conveyed  by  the  arterial  blood,  with  the  ele- 
;  ments  of  the  proper  Nervous  matter :  and  that  this  union  consequently 
involves  the  death  and  disintegration  of  a  certain  amount  of  the  tissue, 
:  the  reproduction  of  which,  therefore,  will  be  requisite,  in  order  that  the 
^  system  may  be  maintained  in  a  state  fit  for  action.    This  reproduction  is 
L  effected  by  the  nutritive  process,  which  takes  place  at  the  expense  of  other 
.'constituents  of  the  blood;  and  it  will  proceed  most  vigorously  in  the 
inntervals,  when  the  active  powers  of  the  nervous  system  are  not  being 
•  called  into  operation. — The  proofs  of  this  continual  waste  and  reproduc- 
tion of  the  Nervous  substance,  are  partly  afforded  by  the  appearance  of 
.the  products  of  its  decomposition  in  the  excretions,  and  by  the  demand 
i\ which  is  set  up  for  the  materials  for  its  reparation;  these  being  found  to 
accord  in  amount,  as  will  be  shown  hereafter,  with  the  degree  of  its 
mnctional  activity.    But  evidence  of  another  kind  may  be  drawn  from 
:the  microscopic  appearances  presented  by  the  cortical  substance  of  the 
'  Brain.    For  ganglionic  vesicles  may  be  observed  in  all  stages  of  develop- 
ment ;  and  numerous  bodies  resembling  free  nuclei  are  seen  in  the  granu- 
lar substance  in  which  these  are  imbedded.    It  is  surmised  by  Henle,* 
:  from  the  comparative  aspects  of  the  external  and  internal  layers  of  the 
cortical  substance,  that  there  is  as  continual  a  succession  of  nerve-cells,  as 
ithere  is  of  epidermic  cells ;  their  development  commencing  at  the  surface, 
where  they  are  most  copiously  supplied  with  blood-vessels  from  the  pia 
tuater;  and  proceeding  as  they  are  can-ied  towards  the  inner  layers, 
khere  they  come  into  more  immediate  relation  with  the  tubular  portion 
")f  the  nervous  tissue.    This  change  of  place  is  probably  due  to  the  con- 
Kinual  death  and  disintegration  of  the  mature  cells,  where  they  are  con- 
Mected  with  the  fibres,  and  the  equally  rapid  production  of  new  generations 
it  the  external  surface ; — the  newly-formecl  Ganglionic  cells  being  thus 

*  "  Trait6  d'Anatomie  G6n6rale,"  traduit  par  Joiirdan  ;  torn.  ii.  p.  330. 
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carried  inwards,  in  precisely  the  same  manner  that-  the  Epidermic  cells 
are  carried  outwards  (§  240). 

347.  The  maintenance  of  the  integrity  of  the  Nervous  tissue,  hy  the 
due  performance  of  the  nutritive  operations,  is  not  less  dependent  than 
that  of  the  Muscular  (§  313),  upon  the  continuance  of  its  functional 
activity;  indeed  it  will  be  presently  shown,  that  degenerative  changes 
manifest  themselves  at  a  much  earlier  period  after  the  interruption  of 
that  activity,  so  as  to  indicate  that  the  dependence  is  yet  closer. — It  has 
long  been  known  that,  when  disease  of  the  Optic  nerve  or  of  its  ganglionic 
centre  occasions  complete  Amaurosis,  the  Retina  comes  in  time  to  lose 
its  characteristic  appearance,  and  the  portion  of  the  Nerve  in  front  of  the 
seat  of  the  disease  presents  an  atrophied  aspect.    And  it  has  been  shown 
by  Valentin,*  that,  notwithstanding  the  general  appearance  of  the  eye  may 
be  unchanged,  the  textvire  of  the  retina  becomes  completely  altered ;  for 
it  is  found  to  be  composed  of  white  cylindi-ical  threads  interlaced  together, 
without  presenting  any  appeai'ance  of  the  ganglionic  vesicles  or  of  the 
tubular  nerve-fibres  proper  to  the  part ;  and  the  yellow  spot  of  Soemmer- 
ing becomes  paler,  and  is  at  last  indistinguishable.    But  if  a  very  slight 
degree  of  sensibility  to  light  remain  (showing  that  some  power  of  trans- 
mission still  exists  in  the  ojjtic  nerve),  these  changes  are  much  less  decided. 
Further,  when  the  sight  is  destroyed  by  a  disease  or  injury  which  prevents 
the  light  from  passing  through  the  pupil,  the  whole  eye  becomes  more  or 
less  atrophied ;  and  the  retina  and  ojDtic  nerve  are  foimd  after  death  (if 
the  morbid  condition  have  lasted  sufficiently  long)  to  have  lost  their 
chai'acteristic  structure.    It  is  probable  that  in  the  latter  case,  as  in  that 
of  Muscles  long  disused,  a  renewal  of  the  normal  nutrition,  and  a  re-estab- 
lishment of  the  structural  and  functional  integrity  of  the  tissiies,  takes 
place  (i^rovided  the  degeneration  have  not  proceeded  too  far),  when  light 
is  again  allowed  to  act  upon  the  retina.    For  it  may  be  observed  that, 
when  an  eye  has  been  from  any  cause  withdrawn  for  a  long  period  from 
its  normal  state  of  activity,  and  is  again  placed  in  a  condition  to  be 
employed  (as  when  it  has  been  turned  inwards  by  extreme  Strabismus, 
and  has  been  brought  by  operation  into  the  correct  axis ;  or  when  closure 
of  the  pupil,  or  the  extension  of  an  opacity  over  the  central  part  of  the 
cornea,  has  been  remedied  by  making  an  artificial  pupil),  the  recovery  of 
good  sight  is  by  no  means  immediate,  but  often  requires  a  considerable  lapse 
of  time,  like  the  recovery  of  muscular  power  in  a  limb  which  has  become 
atrophied  from  paralysis. — Various  experimental  results  confirm  this  view. 
Thus  it  was  found  by  Gunther  and  Schcin,  that  when  a  nerve  is  di^dded, 
the  peripheral  portion  exhibits  obvious  degenerative  changes  within  the 
space  of  a  week ;  t  and  these  changes  have  been  shown  by  Nasse  to  be  still 
more  decided  some  months  afterwards.  J.    The  most  minute  and  interest- 
ing researches  yet  made  upon  this  point,  however,  are  those  of  Dr.  Aug. 
Waller  ;§  who  has  taken  for  the  subject  of  his  investigations  the  altera- 
tions produced  in  the  nerves  of  the  Frog's  tongue,  the  papillee  of  which 
are  supplied  by  the  glosso-pharyngeal.    Within  three  or  four  days  after 


'  "De  Functionibus  Nervorum  Cerebralium,  et  Nervi  Sympatlietici,"  Bcrnse,  183P. 
t  "  Milller's  Archiv."  1840,  p.  2/6. 
:[:  Op.  cit.,  llVid,  p.  409. 

^  "  Pliilosophical  Transactions,"  1850,  p.  423,  et  acq. 
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the  division  of  the  trunk  of  this  nerve  on  one  side,  a  difference  begins  to 
manifest  itself  between  the  fibrils  contained  in  the  papillse  which  it  sup- 
phes,  and  those  of  the  sound  side;  for  a  slightly  turbid  or  coagulated 
appeamnce  is  seen  in  the  contents  of  the  tubes,  which  no  longer  ajjpear  to 
fill  thenij  and  the  difference  is  still  more  marked  twentj-four  hours 
after  death.    About  five  or  six  days  after  the  section,  the  alteration  of 
the  nerve-tubes,  produced  by  the  coagulation  of  their  medullary  contents, 
becomes  very  obvious ;  the  diameter  of  the  altered  tubes  is  about  a  fourth 
less  than  that  of  the  sound  ones;  and  in  many  parts,  the  membranous 
.  tubules  cannot  be  distinguished,  the  coagulated  masses  appearing  to  be 
completely  disjointed  from  one  another.    On  the  eighth  and  ninth  days 
the  coagulated  particles  become  stiU  more  disconnected,  and  are  in  parts 
removed  by  absorption ;  on  the  tenth  day,  the  particles  begin  to  assume 
a  granular  texture;  and  by  about  the  twentieth  day  they  are  completely 
reduced  to  the  granular  state,  the  presence  of  the  nervous  element  being- 
only  indicated  by  rows  of  numerous  dark  granules,  arranged  like  the  beads 
of  a  necklace.    The  resistance  of  these  granular  bodies  to  chemical  agents 
has  been  found  by  Dr.  Waller  to  be  most  remarkable ;  they  remain  unaffected 
by  acids,  alkalies,  and  ether;  and  he  has  seen  them  apparently  imaltered 
after  a  lapse  of  more  than  five  months. — As  all  the  nutritive  changes  in 
cold-blooded  animals  go  on  with  gi'eater  rapidity  at  a  high  than  at  a 
;  low  temperatm'e,  so  should  we  expect  that  the  degenerative  changes 
>  would  likewise,  upon  the  principles  formerly  laid  down  (§  114);  and  it  is 
:  an  interesting  confirmation  of  this  view  to  find,  that  Dr.  Waller  has 
!  noticed  that  the  alterations  consequent  upon  section  of  the  nerves,  make 
t  themselves  appai'ent  in  frogs  much  earlier  in  summer  than  they  do  in 
\  winter. 

348.  The  first  development  of  the  Nerve-tubes  appears  to  take  place, 
1  like  that  of  Muscular  fibre,  by  the  coalescence  of  a  number  of  primary 
cells  into  a  continuous  tube ;  for  although  the.  primary  nervous  cell  has 
r  not  yet  been  made  out  with  precision,  the  nuclei  of  what  seem  to  be  the 
■  original  cells  may  frequently  be  seen  in  the  friUy-formed  tube,  lying 
between  theij.'  membranous  walls  and  the  white  substance  of  Schwann 
(Fig.  85,  c).    When  first  a  nerve-fibre  can  be  recognised  as  such,  it  has  a 
strong  resemblance  to  the  'gelatinous'  fibres  of  the  sympathetic  trunks; 
•  being  a  cord  of  small  diameter,  without  any  clear  distinction  between  the 
tube  and  its  contents,  of  granular  consistence,  and  having  nuclei  at  no 
great  distance  from  each  othei'.     The  substance  of  the  fibre,  at  this 
||«period,  seems  to  correspond  with  the  axis-band  of  the  fully-formed  nerve- 
f  ube;  the  white  substance  of  Schwann  is  subsequently  dei^osited  around 
it,  separating  it  from  the  membranous  tubular,  envelope. — The  statements 
'  )f  Schwann  and  Kolliker  respecting  the  origin  of  the  perij)heral  plexuses, 
lave  been  already  referred  to  (§  343).    It  is  believed  by  the  last-named 
J  jbserver  (loc.  cit.),  that  the  fibres  of  the  trunks  with  which  these  plexuses 
jccome  connected,  originate  in  cells  which  become  fusiform  by  elongation, 
II id  which  then  coalesce  at  their  extremities;  and  these  seem  to  increase, 
if'ter  the  first  formation  of  the  trunks,  by  the  longitudinal  subdivision  of 
iisiform  cells  which  had  not  previously  undergone  complete  metamor- 
'hosis  into  fibres,  or  by  the  development  of  cells  de  7iovo. — The  first 
Ic'velopment  of  the  vesicular  substance  jqipears  to  take  place  on  the  same 
I  Ian  with  its  subsequent  renewal;  that  is,  from  free  nuclei,  around  which 
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the  intervening  gi-anular  matter  seems  to  collect,  the  cell- walls  being  of 
subsequent  formation. 

349.  The  regeneration  of  Nervous  tubuli  which  have  been  destroyed, 
takes  place  in  continuity  with  those  which  have  been  left  sound.  This  is 
readily  proved,  on  the  one  hand,  by  the  retui-n  of  the  sensory  and  motor 
endowments  of  the  pai-t  whose  nerves  have  been  separated ;  and  on  the 
other,  by  microscopic  examination  of  the  reunited  trunks  themselves. 
All  our  knowledge  of  the  fimctions  of  the  Nervous  System  leads  to  the 
belief,  that  peifect  continuity  of  the  Nerve-tubes  is  requisite  for  the  con- 
duction of  an  impression  of  any  kind,  whether  this  be  destined  to  produce 
motion  or  sensation ;  and  vai'ious  facts,  well  known  to  Sm'geons,  prove 
that  such  continuity  may  be  re-established  after  it  has  been  completely 
interrupted.  In  the  various  operations  which  are  practised  for  the  restor- 
ation of  lost  parts,  a  portion  of  tissue  removed  from  one  spot  is  gi'afted 
(as  it  were)  upon  another ;  its  original  attachments  are  more  or  less  com- 
pletely severed,  frequently  altogether  destroyed,  and  new  ones  are  formed. 
Now,  in  such  a  pai"t,  so  long  as  its  original  connections  exist,  and  the  new 
ones  are  not  completely  formed,  the  sensation  is  referred  to  the  spot  fi-om 
which  it  was  taken ;  thus,  when  a  new  nose  is  made,  by  partly  detaching 
and  bringing  down  a  piece  of  skin  from  the  forehead,  the  patient  at  first 
feels,  when  anything  touches  the  tip  of  his  nose,  as  if  the  contact  were 
really  with  the  upper  part  of  his  forehead.  After  time  has  been  given, 
however,  for  the  establisliment  of  new  connections  with  the  parts  into 
whose  neighbourhood  it  has  been  brought,  the  old  connections  of  the 
grafted  portion  are  completely  severed,  and  an  interval  ensues  dm-ing 
which  it  frequently  loses  all  sensibility;  but  after  a  time  its  power  of 
feeling  is  restored,  and  the  sensations  received  through  it  are  refeired  to 
the  right  spot.  A  more  familiar  case  is  the  regeneration  of  Skin,  con- 
taining sensory  nerves,  which  takes  place  in  the  well-managed  heahng  of 
wounds  involving  loss  of  substance.  Here  there  must  obviously  be,  not 
merely  a  prolongation  of  the  nerve-tubes  from  the  subjacent  and  siu- 
rounding  trunks,  but  also  a  formation  of  new  sensory  papillte.  A  still 
more  striking  example  of  the  regeneration  of  Nervous  tissue,  however,  is 
to  be  found  in  those  cases  (of  which  there  are  now  several  on  record)  in 
which  portions  of  the  extremities,  that  have  been  completely  severed  by 
accident,  have  been  made  to  adhere  to  the  stump,  and  have,  in  time,  com- 
pletely recovered  their  connection  with  the  Nervous  as  with  the  other 
systems,  as  is  indicated  by  the  restoration  of  their  motor  and  sensory  en- 
dowments.— The  evidence  is  still  more  satisfactory,  however,  when  it  is 
furnished  not  merely  by  the  return  of  fimctional  activity,  but  by  structm*al 
examination  of  the  divided  part.  This  investigation  has  been  recently 
pursued  by  M.  Brown-Sequard,  with  very  siu'j)rising  results.  Having 
divided  the  Sciatic  nerve  of  a  Guinea-pig,  he  observed  indications  of  a 
return  of  sensibility  in  the  limb  supplied  by  it,  as  early  as  a  month  after 
the  operation  ;  within  another  month,  the  sensibility  had  decidedly 
augmented,  though  it  was  still  much  inferior  to  that  of  the  sound  limb, 
and  the  muscles  then  began  again  to  act;  six  months  after  the  section, 
the  sensibility  appeared  to  have  completely  returned,  and  the  motor 
power  to  have  been  almost  entirely  recovered ;  and  at  the  end  of  eleven 
months,  no  difference  could  be  discovered  in  the  motor  power  of  the  two 
limbs.    The  animal  was-  killed  twelve  months  after  the  operation ;  and  a 
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careful  examination  having  been  instituted  into  the  state  of  the  part  of 
the  nerve  where  the  division  had  been  made,  no  indication  of  the  division 
could  be  discovered,  either  with  the  naked  eye,  or  with  the  microscope. 
The  usual  swelling  at  the  point  of  reunion  had  been  distinguishable  up  to 
about  the  sixth  month  ;  but  it  had  then  disappeared. — The  results  of  M. 
Brown-Sequard's  experiments  upon  the  Spinal  Cord  are  yet  more  striking. 
The  spinal  cord  of  a  pigeon  having  been  divided  between  the  fifth  and 
sixth  dorsal  vertebrae,  the  completeness  of  the  section  was  manifested  by 
the  entire  paralysis  of  the  posterior  part  of  the  body,  as  regarded  both 
sensation  and  voluntary  movement;  at  the  end  of  three  months,  however, 
volimtary  movements  began  to  show  themselves  in  the  midst  of  reflex 
actions,  and  sensibility  also  reappeared ;  these  powers  gradually  aug- 
mented, and  six  months  after  the  operation  the  bird  could  stand  for  some 
minutes,  though  it  fell  if  it  attempted  to  walk;  in  the  course  of  the 
seventh  month  it  began  to  walk,  but  unsteadily,  helping  itself  by  its 
wings;  by  the  end  of  the  eighth  month  it  could  walk  slowly  without  sup- 
port, though  it  fell  over  if  it  attempted  to  walk  fast,  unless  it  supported 
itself  by  its  wings ;  twelve  months  after  the  opei'ation,  it  could  run ;  and 
at  the  end  of  the  fifteenth  month  its  progression  seemed  iu  all  respects 
I  normal,  save  that  a  certain  degree  of  stifihess  remained  in  its  gait.  In 

•  several  other  cases,  in  which  a  partial  section  of  the  spinal  cord  had  been 
■  made,  and  in  which  a  complete  return  of  functional  power  had  taken 
;  place,  a  careful  examination  was  made  of  the  divided  part;  this  was  dis- 
:  tinguishable  by  a  whitish  cicatrix,  the  substance  of  which  was  found  to  be 

•  in  great  part  made  up  of  fibres  of  areolar  tissue,  the  direction  of  which 
'  was  transverse  or  oblique ;  but  these  were  crossed  by  great  numbers  of 
1  nerve-tubes  running  in  a  longitudinal  direction,  which  exhibited  the  cha- 
I  racteristic  double  contom*,  and  were  uninterruptedly  continuous  through 
I  the  whole  extent  of  the  cicatrix ;  and  amongst  these  were  scattered  some 
i  ganglionic  corpuscles.* 

350.  Functions  of  Nervous  Tissue. — The  peciiliar  vital  endowments  of 
;  the  Nervous  tissue  can  only  be  exhibited,  when  the  two  distinct  forms  of 

•  it  are  united  in  such  a  manner  as  to  constitute  a  '  nervous  system.'  This 
system  in  its  simplest  condition,  is  composed  of  an  expansion  of  nerve-fibres 
over  the  surface  of  the  body,  or  of  some  part  of  it ;  of  an  afferent  trunk 
formed  by  the  junction  of  these  fibres,  which  proceeds  towards  a  ganglion 

*  Seethe  "  Gazette  Medicale,"  1849,  No.  45,  and  1851,  No.  30;  also  the  "  Comptes 
>  Rendus  de  la  Societe  de  Biologie,"  1 849,  1 850. — The  successful  issue  of  these  experiments 

•  IS  in  great  part  attributable  to  the  sedulous  care  bestowed  by  M.  Brown-Sequard  upon  the 
animals  which  are  the  subjects  of  them.    It  frequently  happens  that  pathological  changes 

-  take  place  in  the  paralyzed  parts,  which  may  lead  to  serious  or  even  fatal  consequences ;  and 
.>  such  changes  have  been  attributed  to  the  direct  influence  of  the  witlidrawal  of  nervous 
«  power,  upon  the  nutritive  processes.    It  has  been  shown,  however,  by  an  experiment  of 
M.  Brown-Scquard's,  that  no  such  influence  exists  ;  and  that  the  pathological  changes  in 
question  are  due  to  the  want  of  power  on  the  part  of  the  animals  to  withdraw  their  limbs 
from  sources  of  injury-.    For  having  divided  the  sciatic  nerve  in  a  number  of  rabbits  and 
guinea-pigs,  he  placed  some  of  the  animals  at  liberty  in  a  room  with  a  paved  floor,  whilst  he 
confined  others  in  a  box,  whose  bottom  was  thickly  covered  with  bran  and  hay.    In  a  fort- 
night, the  former  set  exhibited  an  obvious  disordered  action  in  the  paralysed  limbs,  the  claws 
being  entirely  lost,  the  extremities  of  the  feet  swollen,  and  the  exposed  tissues  red,  engorged, 
and  covered  with  fleshy  granulations ;  and  at  the  end  of  a  month  these  alterations  were  more 
'  decided,  the  bones  being  denuded,  and  necrosis  having  commenced  in  them.    On  the  other 
hand,  among  the  animals  confined  in  boxes  with  a  soft  floor,  no  such  injuries  had  accrued. 
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wherein  it  terminates;  of  a  ganglionic  centre  containing  vesicular  nervous 
matter,  with  which  the  nerve-fibres  come  into  connection;  of  an  efferent 
trunk,  issuing  from  the  ganglion,  and  proceeding  towards  the  muscles; 
and  of  a  plexus  of  fibres  into  which  that  trunk  subdivides,  and  which 
comes  into  intimate  relation  with  the  elements  of  the  Muscular  tissue. — 
Such  an  apparatus,  altogether  designated  as  the  '  nervous  circle,'  seems  to 
constitute  the  entire  Nervous  System  of  some  among  the  lower  animals ; 
and  it  may  be  multiplied  to  any  extent,  so  as  to  supply  a  great  number  of 
similar  organs  (as  we  see  in  the  circular  gaugliated  cord  sm-roundiug  the 
mouth  of  the  Star-fish,  and  the  double  gaugliated  column  which  extends 
along  the  body  of  the  Worm  or  the  Centipede),  without  any  essential 
change  in  its  endowments.  And  even  in  Man,  we  shall  hereafter  find  that 
a  considerable  part  of  the  Nervous  system  is  constructed  upon  this  simple 
plan ;  although  its  uniformity  is  obscured  by  the  frequent  coalescence  of 
ganglionic  centres  that  remain  distinct  in  the  lower  animals,  and  by  the 
gi'eater  variety  in  the  distribution  of  the  nerve-trunks,  in  accordance  with 
the  dissimilarity  between  the  several  organs  with  which  they  are  con- 
nected.— The  modus  operandi  of  such  a  system  is  as  follows.  By  contact, 
pressure,  or  some  other  form  of  mechanical  agency,  an  impression  is  made 
upon  the  peripheral  extremities  of  the  afferent  nerves ;  and  this  impres- 
sion, or  rather,  the  change  induced  by  it  in  the  condition  of  the  nerve- 
fibre,  is  transmitted  by  the  nerve-trunk  to  the  central  ganglion.  In  this 
ganglion,  the  influence  transmitted  by  the  afferent  trimk  excites  a  reactive 
change ;  the  occm'rence  of  which  is  indicated  by  the  transmission,  along 
the  efferent  nerves,  of  an  influence,  which  being  distributed  to  the  mus- 
cular substance,  excites  it  to  contraction.  All  this  takes  place  so  instan- 
taneously, that  the  movement  follows  immediately  upon  the  application 
of  the  stimulus.  Actions  of  this  kind,  which  do  not  involve  Sensation  as 
one  of  their  conditions,  and  which  ai*e  executed  in  direct  and  unconscious 
respondence  to  external  stimuli,  are  now  generally  termed  '  reflex ; '  though 
the  designation  '  excito-motor '  (originally  proposed  by  Dr.  M.  Hall)  would 
perhaps  be  more  appropriate,  as  distinguishing  this  class  of  actions  from 
others  which  have  an  equal  claim  to  the  term  '  reflex.' 

351.  Such  operations  as  the  foregoing,  however,  must  be  considered  as 
constituting  the  lowest  kind  of  fimctional  activity  of  the  Nervous  system ; 
since  they  seiwe  only  an  intermmcial  purpose,  that  of  bringing  the  dififer- 
ent  parts  of  the  bodily  organism  into  co-operative  relationship  with  each 
other.  A  much  higher  attribute  is  that  by  which  it  brings  the  conscious 
Mind  into  relationship  with  the  body,  and,  through  its  medium,  Avith  the 
external  world;  infoi'ming  it,  through  the  impressions  received  by  the 
organs  of  sensation,  of  the  changes  which  the  material  objects  around  it 
undergo ;  and  enabling  it  to  react  upon  these,  by  the  instrumentality  of 
its  motor  apparatus.  Certain  ganglionic  centres,  distinct  from  those  of 
simply-reflex  action,  are  set  apart  for  these  purposes ;  but  we  can  trace  no 
essential  peculiai'ity  in  their  structure,  which  can  in  any  way  indicate 
their  possession  of  this  extraordinary  endowment.  They  still  consist  of 
vesicular  matter,  with  afferent  or  sensory  nerve-trunks  termiuating  in 
them,  and  with  efferent  or  motor  trunks  issuing  fi'om  them :  and  oiir 
assurance,  that  it  is  through  their  instrumentality  that  the  mind  is 
affected  by  external  impressions,  rests  upon  the  fact,  that  if  an  inteiTup- 
tion  exist  in  the  transmission  of  the  influence  to  which  those  changes  give 
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rise,  at  any  point  whatever  between  the  periphery  and  the  central  gang- 
lion, those  impressions  are  not  felt;  whilst,  conversely,  any  interruption 
along  the  course  of  the  efferent  fibres,  prevents  the  influence  of  psychical 
•states  from  producing  any  respondent  contractions  in  the  muscles. — The 
iiimplest  mode  in  which  the  Nervous  system  is  subservient  to  mental 
:3hanges,  is  in  that  affection  of  the  consciousness  which  is  directly  conse- 
pieut  upon  external  impressions,  and  is  designated  as  sensation;  and  the 
,  (jai't  of  the  apparatus  in  which  this  conversion  is  effected,  is  termed  the 
Hiensorium.  We  shall  hereafter  see  that  this  'sensorium'  probably  consists 
am,  Man  of  a  number  of  distinct  ganglionic  centres,  each  of  which  is  the 
'nnstrument  of  some  one  special  kind  of  sensorial  change.  From  these 
'ocnsory  ganglia,  also,  motor  fibres  proceed  to  the  muscles;  and  through 
:!:heir  instrumentality,  movements  may  be  produced  by  the  re-action  of 
:i:he  ganglionic  centres  to  the  impressions  made  upon  them.  Such  move- 
rnents,  however,  being  only  called  forth' through  the  intermediation  of 
ksensation,  are  distinguished  as  ' sensori-motor '  or 'consensual.' — Super- 
i  idded  to  the  mere  sensorium,  however,  in  Man  and  all  the  higher  animals, 
r,ve  find  certain  other  ganglionic  masses,  the  Cerebral  hemispheres,  whose 
::\mctional  relation  to  the  operations  of  mind  is  yet  more  intimate;  for 
;hese  appear  to  be  the  instruments  of  all  the  higher  psychical  operations, 
;  ,he  formation  of  ideas,  the  excitement  of  the  emotions,  the  acts  of  com- 
jination,  comparison,  and  judgment,  the  determinations  of  the  will,  &c. 
They  receive  their  first  stimulus  to  action,  not  from  impressions  trans- 
initted  to  them  directly  from  the  peripheral  organs,  but  from  an  agency 
oent  up  to  them  from  the  sensorial  centres;  and  it  seems  probably  to  be, 
:  n  like  manner,  through  an  agency  reflected  downwards  to  those  centres, 
iiud  acting  through  their  instrumentality,  that  the  influence  of  the  will,  of 
emotional  states,  &c.,  is  transmitted  to  the  motor  apparatus. — Thus  we 
j.ee  that  the  nervous  force,  itself  excited  by  impressions  of  a  j)hysical 
;  latm-e,  can  determine  mental  changes  ;  whilst,  conversely,  certain  states 
;»f  mind,  by  exciting  the  nervous  force,  can  etifect  changes  in  the  bodily 
I  abric,  and,  through  this,  upon  the  external  objects  within  its  reach. 

352.  The  instrumentality  of  the  Nervous  system  is  not  limited,  how- 
\  iver,  to .  the  excitation  of  mental  activity  on  the  one  hand,  or  to  that  of 
1  nuscular  contraction  on  the  other ;  for  the  pecuhar  agency  which  it 
\!xerts  is  found  to  have  an  intimate  relationship  with  all  the  other  mani- 
estations  of  vital  force,  which  the  animal  organism  exhibits.    So  inti- 
nate,  indeed,  is  this  relationship, — so  obvious  is  the  influence  which 
lervous  agency  exerts  over  the  operations  of  Nutrition,  Secretion,  &c., 
'Specially  in  the  higher  animals, — ^that  many  physiologists  have  regarded 
;  hem  as  essentially  dejjendent  upon  it.    For  this  assumption,  however, 
here  is  no  valid  evidence ;  and  the  whole  tendency  of  recent  discovery 
lias  been  (as  we  have  seen)  to  establish  the  doctrine  of  the  essential 
ndependence  of  the  vital  endowments  of  each  integral  part  of  the  fabric. 
!!^.ud  all  the  phenomena  which  have  been  supposed  to  indicate  the 
lecessity  for  nci-vous  agency,  as  a  condition  of  acts  of  growth,  develop- 
aent,  &;c.,  are  equally  explicable  upon  the  doctrine  here  advocated; 
.^hich  affords  a  definite  scientific  expression  of  them.    For,  just  as 
'Electricity,  developed  by  Chemical  change,  may  operate  (by  its  correlation 

ath  chemical  affinity)  in  producing  other  chemical  changes  elsewhere,  

:)  may  Nerve-force,  which  has  its  origin  in  Cell-formation,  excite  or 
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modify  the  process  of  cell-formation  in  other  parts,  and  thus  influence  all 
the  vital  manifestations  of  the  several  tissues,  whatever  may  be  their  own 
individual  characters.  This  expression  is  also  available  for  the  well- 
known  influence  of  mental  states  upon  the  properties  of  the  vaiious 
tissues  and  the  composition  of  the  secretions;  since  this  influence  can 

only  be  exerted  through  the  instrumentality  of  the  nervous  apparatus.  

Further,  it  not  only  appears  that  a  simple  withdi-awal  or  distm-bance  of 
the  nei'vous  force  supplied  to  particular  organs,  occasions  a  retardation  or 
pei'version  of  their  vital  operations ;  but  there  also  seems  evidence  that 
an  influence  of  an  o2:)2yosite  kind  may  be  transmitted  thi'ough  the  nervous 
system,  which  is  positively  and  directly  antagonistic  to  the  exercise  of 
the  vital  powders  of  the  several  tissues.  Such,  at  least,  appears  to  be  the 
only  legitimate  mode  of  accounting  for  the  extraordinary  effect  of 
'a  shock,'  physical  or  mental,  in  at  once  and  completely  destroying  the 
contractility  of  the  heart,  and  in  bringing  to  a  stand  the  vital  operations  of 
other  pai'ts  (§  321).  And  it  harmonizes  well  with  the  fact,  that,  in  Hemi- 
plegia, the  'palsy-stroke'  transmitted  ft'om  the  brain  along  the  spinal 
cord,  almost  invariably  affects  the  leg  less  injuriously  than  the  arm,  and 
for  a  shorter  dm'ation ;  recovery  taking  place  soonest  in  the  leg,  even  when 
it  has  been  at  first  paralysed  as  completely  as  the  arm.  If  the  Neiwous 
force  be  regarded  as  a  j:)olar  force  (§  3G4,  7iote),  analogous  in  its  mode  of 
transmission  to  Electricity,  it  is  not  difficult  to  luiderstand  that  the 
reversal  of  the  usual  direction  of  its  action  may  produce  the  effects  in 
question ;  especially  when  it  is  borne  in  mind,  that  the  direct  and  inverse 
electric  ciu'rents  (as  shown  by  Prof  Matteucci)  exert  opposite  influences 
upon  the  nervous  excitability.* 

353.  The  manifestations  of  nerve-force  are  almost  invariably  excited 
by  the  agency  of  stimuli,  which  operate  upon  the  peripheral  origins  of 
the  afferent  nerves,  and  upon  the  central  origins  of  the  efferent.  In 
the  cases  ah-eady  referred  to,  the  stimulus  whose  influence,  conveyed  to 
the  central  ganglia,  excited  sensations  or  respondent  movements,  was  that 
of  mechanical  Motion;  and  this  is  equally  effectual  when  applied  to  the 
trunlcs  of  the  afferent  nerves,  as  by  j)inching  or  pricking  them.  But 
other  physical  agencies  produce  corresponding  results.  Thus  Heat, 
applied  to  a  sensory  surface,  excites  the  nerve-force  of  the  afferent 
nerves,  by  whose  instrumentality  such  a  change  is  produced  in  the 
sensorial  centres,  as  renders  us  conscious  of  the  external  alteration.  The 
power  of  Light,  moreover,  to  excite  nerve-force,  is  clearly  indicated  by  its 
influence  upon  the  optic  nerve  through  the  instrumentality  of  the  retiua.t 
So,  again,  the  stimulating  agency  of  Chemical  Affinity  is  made  apparent 
by  the  pain  which  resvJts  from  the  application  of  strong  re-agents  to  the 

*  The  direct  current  is  that  -which  is  transmitted  along  a  motor  nerve  in  the  direction  of  it« 
ramificiitions ;  the  itiverse,  that  which  is  transmitted  from  tlie  periphery  towards  the  centre. 
The  '  direct '  current  rapidly  rvcalce7is  and  at  last  destroys,  the  excitability  of  a  nerve ;  so  that, 
when  it  has  traversed  the  lumbar  nerve  of  a  frog  for  twenty  or  thirty  minutes,  there  are  no 
further  contractions,  either  on  opening  or  closing  the  circuit.  On  the  other  hand,  the  passage 
of  the  '  inverse '  current  augments  the  excitability  within  certain  limits ;  and  restores  that 
which  has  been  exhausted  by  the  direct  current.  (See  Prof.  Matteucci's  "  Lectures  on  Uie 
Physical  Phenomena  of  Living  Beings,"  translated  by  Dr.  Pereira,  p.  262.) 

•f  It  seems  to  be  the  want  of  this  intermediate  ganglionic  apparatus  343),  which  pre- 
vents Light  from  acting  upon  the  trunks  of  the  sensory  and  motor  nerves,  after  the  nianne 
of  Heat. 
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3xtreniities  or  to  the  trunks  of  the  sensory  nerves.  But  of  all  the  phy- 
sical forces,  Electricity  has  the  most  powerful  influence  in  exciting 
laeiTC-force,  and  seems  to  have  the  most  direct  relation  to  it.    If  an  elec- 

•  ric  current  be  made  to  pass  for  a  short  distance  only  along  the  trunk  of 
1 1  sensory  nerve,  or  through  its  peripheral  ramifications,  it  excites  in  the 
..iensoi'ium  the  peculiar  sensations  produced  by  ordinary  impressions  con- 
./eyed  through  that  nei've;  so  again,  if  the  current  be  transmitted  for 
laowever  short  a  space  through  a  motor  nerve,  it  excites  contractions  in 
l;he  muscles  which  are  supplied  from  its  branches.  It  was  formerly  sup- 
(oosed  that  the  electricity  was  the  immediate  cause  of  the  changes  thus 
unduced  in  the  sensorium  or  in  the  muscular  apparatus ;  but  it  has  been 
\3learly  proved  that  such  is  not  the  case,  the  passage  of  the  current  along 
i  I  portion  of  the  trunk  being  sufficient  to  excite  the  nerve-force  in  the 
vemainder. — On  the  other  hand,  we  have  adequate  proof  that  the  force 
1  transmitted  from  the  central  ganglia  to  the  muscles,  is  of  the  same 
latiu-e  with  the  preceding ;  for  all  the  stimuli  which  excite  sensations 

I  .vhen  applied  to  the  trunks  of  the  afferent  nerves,  excite  motions  when 
ipplied  to  the  trunks  of  the  efferent.    This  force  seems  to  be  developed 
jy  changes  which  take  place  in  the  vesicular  matter  of  those  ganglia 
■'§§  357 — 362);  but  the  stimulus  to  that  development  may  be  of  two 
very  different  kinds.    For,  on  the  one  hand,  the  'motor  impulse'  (as,  for 
i;he  sake  of  convenience,  it  may  be  designated)  may  be  excited  by  a 
hhange  originating  in  any  part  of  the  body,  and  transmitted  to  the  gan- 
j^lion  through  the  afferent  nerves;  as  in  'reflex'  actions  of  various  kinds. 
'But,  on  the  other,  it  may  be  called  forth  by  an  agency  purely  mental, 
i  iVhich  acts  directly  upon  the  vesicular  matter  of  the  ganglion,  producing 
movements  whose  source  is  thus  not  perij)heral,  but  central.    And  in 
;ites  of  peculiar  functional  activity  of  the  nervous  centres  (such  as  that 
ifoduced  in  the  spinal  cord  by  the  administration  of  strychnine),  it 

•  .vould  appear  as  if  motor  impulses  originate^  spontaneously,  just  like 
':3ertain  muscular  contractions  (§  328);  how  far  this  must  be  accounted  a 
■Qormal  modus  operandi,  however,  is  yet  uncertain. 

354.  The  influence  of  excitants  repeatedly  and  powerfully  applied  to 
';he  NeiTous  tissue,  is  undoubtedly  (as  in  the  case  of  Muscle)  to  weaken, 
md  at  last  to  exhaust,  its  power  of  responding  to  them;  this  is  seen 
like  in  experimental  researches,  and  in  the  ordinary  course  of  vital 
'  •tiou  (§  360).    The  excitability  thus  exhausted,  can  only  be  regained  by 
1  interval  of  repose,  during  which  the  nutritive  operations  may  restore 
le  tissue  to  its  pristine  integrity,  and  thus  prepare  it  for  renewed 
tivity. — On  the  other  hand,  the  moderate  and  regular  excitation  of 

•ervous  activity,  with  due  intervals  of  repose,  is  favourable  to  its 
nitrition;  and  this  is  especially  to  be  noticed  in  the  case  of  the  Brain, 
lu  increased  development  of  which,  especially  in  young  subjects,  is  con- 
inually  to  be  noticed  as  consequent  upon  the  continuance  of  a  state 
'f  high  functional  activity.  It  seems  probable  that  this  augmentation  is 
>i'incipally  due,  as  in  the  case  of  Muscle,  to  the  increased  afflux  of  blood 
'J  the  organ,  which  its  functional  activity  induces.  That  the  interrup- 
ion  of  that  activity  not  only  suspends  nutrition,  but  rapidly  induces 
legenerative  change,  has  been  already  shown  (§  347). 

355.  Of  the  conditions   on  which   the  functional  activity  of  the 
Nervous  system  is  dependent,  the  first  is,  of  course,  the  integrity  of  its 
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own  structure;  thus,  an  interruption  in  any  part  of  the  'nervous  circle' 
will  prevent  the  manifestation  of  its  peculiar  endowments.  But,  however 
perfect  and  complete  its  condition,  no  action  can  take  place  in  it  without 
a  suj)ply  of  oxygenated  hlood;  which  is  more  immediately  necessary  for 
the  maintenance  of  the  Nervous  power,  than  it  is  for  that  of  any  other 
tissue  whatever.  That  this  supply  is  not  so  essential,  however,  to  the 
conduction  of  impressions,  as  it  is  to  their  reception  and  rejlexion,  would 
appear  alike  from  the  difference  between  the  amounts  of  blood  trans- 
mitted to  the  trunks  of  the  nerves  in  their  course,  and  to  their  peripheral 
and  central  terminations ;  and  from  the  diffei'ent  effects  of  the  suspension 
of  the  circulation  upon  each.  For  the  nerve-trunks  are  not  peculiarly 
vascvdar;  and  retain  their  power  of  transmission  for  some  time  after  the 
movement  of  the  blood  has  ceased.  On  the  other  hand,  both  the  nervous 
centres  and  the  organs  of  sense  receive  an  enormous  supply  of  blood; 
and  the  effects  of  its  interruption  are  immediately  manifested  in  the 
most  striking  manner.  Thus,  if  the  circiQation  through  the  Bi-ain  be 
suspended  but  for  an  instant,  insensibility  and  loss  of  voluntary  power 
supervene,  and  continue  until  it  is  restored ;  as  was  shown  in  the  follow- 
ing experiment  by  Sir  A.  Cooper.  After  having  tied  both  carotid 
arteries  in  a  dog,  he  compressed  the  Vertebral  trunks;  and  immediate 
insensibility  came  on,  the  animal  at  the  same  time  falling  powerless.. 
But  convulsive  movements  occiu-red  at  the  same  time;  showing  that  the 
functions  of  the  spinal  cord  were  not  suspciided,  but  only  deranged.  As 
soon  as  the  blood  was  re-admitted  to  the  brain,  the  animal  recovered  its 
consciousness  and  voluntary  power,  and  stood  on  its  legs  again ;  the  con- 
vulsive movements  ceasing  at  the  same  time.* — In  Syncope,  moreover, 
the  circulation  through  the  Spinal  cord  is  weakened,  by  the  faihue  of 
the  heart's  action,  to  the  same  extent  as  the  flow  of  blood  through  the 
Brain ;  and  a  genei'al  cessation,  not  merely  of  muscular  movement,  but 
of  all  power  of  exciting  it,  is  the  immediate  result.  No  sooner,  however, 
is  the  circulation  fully  re-established,  than  the  power  of  the  Nervous 
centres  is  restored. — Again,  the  influence  of  diminished  circulation  at 
the  origins  of  the  afferent  nerves,  is  shown  in  the  deficient  impressibility 
of  these  neiwes  at  the  part  affected.  Thus,  if  the  movement  of  blood 
through  the  capillaries  of  a  limb  be  stagnated  (whether  by  pressure  on 
the  arterial  trunks,  by  cold,  or  by  any  other  cause),  the  check  is  at  once 
made  apparent  by  the  numbness  of  the  surface ;  and  a  complete  stagna- 
tion produces  complete  insensibility.  The  power  of  receiving  impres- 
sions which  excite  reflex  movements,  is  diminished  in  the  same 
degree. 

356.  On  the  other  hand  it  is  found,  that  increased  circulation  through 
the  same  parts  is  attended  with  an  exaltation  of  their  function.  This  is 
particularly  noticed  in  those  affections  of  the  brain  and  spinal  cord,  closely 
bordering  on  inflammation,  to  which  the  terms  active  congestion  ^md-deter- 
mination  of  hlood  have  been  applied.  We  have,  in  such  cases,  extreme 
acuteness  of  sensation,  excessive  activity  of  the  mental  functions,  or  vipleut 
excitement  of  the  motor  powers;  according  (it  would  seem)  to  the  parti- 
,  cular  division  of  the  nervous  centres  most  affected. — Again,  we  find  that 
an  increase  in  the  cu'culation  through  any  organ  from  which  afferent 
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iviei-ves  arise,  increases  their  readiness  to  receive  impressions;  thus  the 
«,iensibility  of  the  genital  organs  of  animals  during  the  period  of  heat,  and 
of  those  of  man  in  a  state  of  venereal  excitement,  are  greatly  augmented ; 
iiind  the  tendency  of  impressions  made  upon  them  to  excite  reflex  move- 
:i.iients,  is  similarly  exalted. 

357.  The  due  activity  of  the  Nervous  System  is  not  merely  dependent 
upon  a  constant  and  ample  supply  of  Blood;  but  it  requires  that  this 
■olood  should  be  in  a  state  of  extreme  purity,  and  more  especially  that  it 
slshould  contain  a  due  supply  of  oxygen,  and  should  be  depurated  of  its 
■;earbonic  acid,  and  of  other  products  of  the  decomposition  of  the  body. 
The  final  cessation  of  nervous  power,  in  death  by  Asphyxia,  is  partly  due 
aas  will  be  shown  hereafter,  chap,  x.,  sect.  3),  to  a  positive  deficiency  in 
!he  supply  of  blood;  but  the  obtuseness.  of  sensibility  which  gradually 
increases  until  a  state  of  imconsciousness  comes  on,  may  be  clearly  traced 
.n  the  first  instance  to  the  deficient  aeration  of  the  blood,  which  is  gradu- 
Llly  deprived  of  its  oxygen,  and  more  and  more  charged  with  carbonic 
'.,cid.    Corresponding  but  less  severe  symptoms  occur,  when  the  excretion 
:<!  carbonic  acid  is  not  checked,  but  only  slightly  impeded,  provided  the 
mpediment  be  in  operation  for  a  sufiicient  length  of  time,  as  in  the  case 
tf  an  ill-ventilated  apartment;  an  indisposition  to  mental  exertion,  a 
leficiency  of  muscular  power,  and  an  obtuseness  of  the  intellectual  and 
iQoral  faculties,  being  the  general  result. — The  retention  of  other  excre- 
iientitious  products  in  the  Blood  is  not  less  injurious,  though  its  opera- 
ion  is  less  rajiid.    Thus  when  the  elimination  of  Biliary  matter  is  pre- 
■  ented,  so  that  the  blood  becomes  unduly  charged  with  its  components, 
.  gi'eat  deficiency  of  Nervous  power  is  manifested;  the  general  sensibility 
.  eing  rendered  obtuse,  the  mental  operations  becoming  torpid,  and  the 
■lotor  energy  enfeebled ;  and  this  state  may  become  more  and  more  intense, 
i'ith  the  increase  of  the  accumulation,  until,  as  in  Asphyxia,  the  entire 
iimctional  activity  of  the  Nervous  system  becomes  extinct.    The  effect  of 
wtie  retention  of  the  materials  of  the  Urinary  excretion  is  not  very  dissi- 
'lilar;  but  with  the  gradually-deepening  Coma,  there  are  usually  (as  in 
.sphyxia)  convulsive  movements. —The  influence  of  various  poisons 
itroduced  into  the  blood  ab  extra,  upon  the  functional  activity  of  the 
ervous  system,  exhibits  in  a  very  marked  manner  the  extreme  impor- 
'  lice  of  the  purity  of  the  circulating  fluid,  to  the  normal  performance  of 

0  duties  of  this  most  important  apparatus.    Thus  we  find  the  action  of 
ne  class  of  poisons  to  commence  with  the  disturbance  of  the  mental 

wers;  the  control  exercised  by  the  will  over  the  course  of  thought  is 
akened,  incoherence  succeeds  to  regulaiity,  passion  takes  the  j)lace  of 
'  mness,  and  the  state  at  last  becomes  one  of  maniacal  delirium.  Another 
iss  acts  primarily  on  the  sensorial  powers;  the  consciousness  of  external 
iprcssions  being  first  rendered  obtuse,  and  then  entirely  destroyed;  and 

1  the  movements  which  are  ordinarily  excited  or  guided  by  it,  being 
•nsequently  checked.  And  a  third  class  operates  especially  upon  the 
'tor  portion  of  the  nervous  apparatus ;  inducing  an  extraordinary  degree 
excitability  in  that  portion  of  the  central  organs  which  responds  to  the 
tion  of  stimuli;  or,  on  the  other  hand,  diminishing  the  normal  excita- 
iity,  to  such  a  degree  that  not  only  the  ordinaiy  stimuli,  by  excitants 

unusual  potency,  occasion  no  response.  —  We  shall  hereafter  see 
iiAP.  XIV.,  sect.  7)  that  there  is  a  very  strong  probability,  that  a  large 
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proportion  of  the  disordered  actions  of  the  Nervous  System  depend 
upon  the  presence  of  poisonous  matters  in  the  blood,  which  have  not 
been  introduced  from  without,  but  have  been  generated  within  the 
system  itself 

358.  All  that  we  know  respecting  the  conditions  on  which  the  produc- 
tion of  Nei-vous  Force  is  dependent,  supports  the  belief  that  its  evolution 
involves  a  change  of  composition  in  the  Nervous  matter;  this  change 
essentially  consisting  in  the  cessation  of  its  existence  as  a  living  tissue 
and  in  the  combination  of  oxygen  with  its  constituents ;  so  that,  in  then' 
restoration  to  the  condition  of  inorganic  •  matter,  the  Vital  force,  which 
was  previously  operative  in  the  growth  and  development  of  the  tissue,  is 
set  free  imder  this  peculiar  form.  It  may  serve  to  render  this  doctrine 
more  intelligible,  if  we  again  refer  to  the  analogy  of  the  Galvanic  battery; 
in  whi'ch  the  change  in  the  condition  of  the  zinc  (or  other  oxidizable 
metal),  which  ceases  to  exist  as  such,  and  which  enters  into  new  chemical 

combinations,  is  the  condition  of  the  evolution  of  the  electric  force.  

The  chief  grounds  for  this  doctrine  will  now  be  enumerated. 

359.  In  the  first  place,  the  dependence  of  Nervous  energy  upon  the 
constant  circulation  of  Blood  through  the  tissue,  is  much  more  close  and 
immediate,  than  can  be  accounted-for  on  the  idea  that  the  relation  is  one 
of  mere  nutrition  or  development.  On  the  contrary,  where  these  last 
changes  are  taking  place  most  actively,  we  often  find  rather  a  disposition 
to  stagnation  of  the  current,  to  give  time  for  the  elaboration  of  the  nutrient 
materials  that  are  to  be  withdi-awn  from  it ;  and  in  no  case  does  the  pro- 
cess so  instantaneously  cease,  when  the  flow  is  suspended.  From  this  it 
would  appear,  that  a  reaction  takes  place  between  the  elements  of  the 
Nervous  tissue  and  some  material  supplied  by  the  Blood,  which  is  much 
more  rapid  in  its  character  than  the  process  of  cell-development,  and 
which  is  essentially  concerned  in  the  production  and  maintenance  of  the 
nervous  activity.  That  the  material  supplied  by  the  blood  for  this  pur- 
pose is  Oxygen,  would  appear  from  a  variety  of  considerations.  A  general 
survey  of  the  Animal  kingdom  shows,  that  oxygen  is  essential  to  the 
maintenance  of  animal  life,  as  distinct  from  vegetative ;  and  a  more  par- 
ticular comparison  of  different  tribes  demonstrates  most  unequivocally, 
that  the  consumption  of  oxygen  is  in  direct  relation  to  the  development 
of  the  animal  powers  in  each.*  The  effects  of  a  suspension  of  the  oxyge- 
nating process  (§  357)  completely  harmonize  with  these  facts. 

360.  Further,  in  proof  that  the  activity  of  the  Nervous  system  is 
immediately  dependent,  not  upon  a  process  of  development  or  nutrition, 
but  upon  one  of  disintegration  or  desti'uction,  it  may  be  urged,  that  it 
is  impossible  for  this  state  of  activity  to  be  maintained  in  a  lai'ge  portion 
of  it,  without  an  interval  of  repose,  which  we  know  to  be  favourable  to  the 
vegetative  or  reparative  processes.  It  is  true  that  there  are  certain  portions 
of  it,  paiticularly  those  that  put  in  action  the  respiratory  muscles,  which  are 
in  a  state  of  unceasing  though  moderate  activity ;  and  in  these,  the  constant 
nutrition  is  sufficient  to  repair  the  effects  of  the  constant  decay.  But 
those  parts  which  operate  in  a  more  powerful  and  energetic  manner,  and 
which  are  therefore  more  rapidly  disintegrated  when  in  action,  need  a 
season  of  rest  for  their  I'eparation.    Hence  the  sense  of  fetigue  which  is 

*  See  "  Princ.  of  Pliys.,  Gen.  and  Comp.,"  chap.  xiii. 
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xperieiiced,  when  the  Mind  lias  been  long  acting  through  its  instrument, 
ihe  Brain;*  and  the  irresistible  tendency  to  sleep,  which  usually  super- 
venes after  any  unusual  exertion  of  this  kind.    In  the  healthy  state  of 
i  he  body,  when  the  exercise  of  the  Nervous  system  by  day  does  not  exceed 
liiiat  which  the  repose  of  the  night  may  compensate,  the  nutritive  opera- 
i  ions  maintain  it  in  a  condition  which  fits  it  for  constant  moderate  exercise ; 
t  ut  uiiusual  demands  upon  its  activity, — whether  by  long-continued  and 
:'3vere  exercise  of  the  intellect,  by  excitement  of  the  emotions,  or  by  the 
ombination  of  both,  in  that  state  of  anxiety  which  the  cuxumstances  of 
laan's  condition  too  frequently  induce, — occasion  an  unusual  '  waste,'  and 
[.•equire  a  prolonged  repose  and  uninterrupted  nutrition,  for  the  complete 
.'■astoration  of  its  powers.    There  can  be  no  doubt  that  (from  causes  which 
ITS  not  knowTi)  the  amoimt  of  Sleep  required  by  different  persons,  for  the 
laintenance  of  a  healthy  condition  of  the  nervous  system,  varies  con- 
,  derably;  some  being  able  to  dispense  with  it,  to  a  degree  which  would 
;3  exceedingly  injurious  to  other  individuals,  who  do  not  surpass  them  in 
aental  activity.   Where  a  prolonged  exertion  of  the  mind  has  been  made, 
id  the  natm-al  tendency  to  sleep  has  been  habitually  resisted  by  a  strong 
Tort  of  the  will,  injurious  results  are  sure  to  follow.    The  bodily  health 
I'eaks  down;  and  too  frequently  the  mind  itself  is  permanently  enfeebled. 
;  is  obvious  that  the  Nutrition  of  the  nervous  system  becomes  completely 
■^ranged;  and  that  the  tissue  is  no  longer  formed  in  a  manner  requisite 
\  i'  the  dischai'ge  of  its  healthy  functions.    The  same  may  be  said  of  the 
.ate  of  Mania;  in  which  there  is,  for  a  time,  an  extraordinary  degi'ee  of 
!  itivity  (though  manifested  in  an  irregular  manner)  of  the  cerebral  func- 
'Hs,  and  an  absence  of  disposition  to  sleep.    Such  a  state  may  continue 
r  some  weeks;  but  the  subsequent  exhaustion  of  nervous  power  is  pro- 
»rtioned  to  the  duration  of  the  excitement,  and  frequent  attacks  of  mania 
1  iiost  invariably  subside  at  last  into  Imbecility. 

361.  Additional  evidence  for  the  behef  that  tjie  functional  activity  of 
e  Nervous  tissue  involves  disintegration  of  its  tissue  by  the  agency  of 
vygen,  is  found  in  the  increase  of  aUcaline  j^l^osphates  in  the  urine,  when 
ere  has  been  any  unusual  demand  upon  the  nervous  power.    No  others 
the  soft  tissues  contain  any  large  amount  of  phosphorus ;  and  the 
1  rked  increase  in  these  deposits,  which  has  been  continually  observed  to 
ompany  long-continued  wear  of  mind  (whether  by  intellectual  exertion, 
by  the  excitement  of  the  feelings),  and  which  follows  any  temporary 
•ain  upon  its  powers,  may  fairly  be  attributed  to  this  cause.    The  most 
isfactory  proof  is  to  be  found  in  cases  in  which  there  is  a  periodical 
aand  upon  the  mental  powers;  as,  for  example,  among  Clergymen,  in 
'  preparation  for  and  discharge  of  their  Sunday  duties.    This,  when 
i  demand  for  mental  exertion  is  severe,  and  especially  when  there  is 
it  state  of  excitability  of  the  nervous  system  which  is  frequently  coexis- 
it  with  a  diminution  of  its  vigour,  is  found  to  be  very  commonly  followed 
the  appearance  of  a  large  quantity  of  the  alkaline  phosphates  in  the 
ne.    And  in  cases,  in  which  constant  and  severe  intellectual  exertion 
'  impaired  the  nutrition  of  the  brain,  and  has  consequently  weakened 
'  mental  power,  it  is  found  that  any  premature  attempt  to  renew  the 

Of  the  sense  of  fatigue  induced  by  continued  muscular  exertion,  it  is  difficult  to  say  how 
•h  is  attributable  to  the  state  of  the  Muscles  themselves  ;  it  is  better,  therefore,  to  base  this 
ement  upon  cases  in  which  the  activity  is  purely  Nervous. 
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activity  of  its  exercise,  causes  the  re-appearance  of  the  excessive  phosphatic 
discharge,  indicative  of  an  undue  'waste'  of  nervous  matter.*  Further, 
it  has  been  shown  by  Dr.  Bence  Jones,t  that  acute  affections  of  nervous 
substance,  both  organic  and  functional,  are  generally  attended  with  an 
increase  in  the  phosphatic  salts  of  the  imne ;  the  amount  of  phosphates, 
in  acute  inflammation  of  the  brain,  seeming  to  be  proportional  to  the 
intensity  of  the  inflammation,  and  in  various  forms  of  disordered  action 
(delirium  tremens,  however,  constituting  a  marked  exception),  to  the 
degree  of  mental  disturbance. — There  are,  however,  many  other  sources 
of  increase  in  the  phosphatic  components  of  the  urine;  and  hence  it 
is  only  when  these  are  excluded  or  allowed-for,  that  the  increase  attri- 
butable to  '  waste'  of  Nervous  tissue  can  be  estimated. | 

362.  The  rapid  disintegi'ation  of  Nervous  tissue,  when  in  a  state  of 
functional  activity,  is  fm-ther  indicated  by  the  demand  for  aliment  which 
this  creates;  for  every  one  who  has  been  accustomed  to  habits  of  sus- 
tained mental  exertion,  must  be  conscious  that,  where  the  general  health 
is  good,  the  appetite  for  food  is  no  less  engendered  by  such  laboxu-,  than 
it  is  by  the  exertion  of  the  musculai-  powers.  Further,  as  already  pointed 
out,  there  are  appeai'ances  in  the  Nervous  tissue  itself,  which  indicate 
that  nutritive  changes  are  continually  in  progress  in  its  substance  (§  34G); 
and  the  rapidity  with  which  it  undergoes  alteration  when  its  functional 
operations  are  suspended,  is  an  additional  indication  of  the  activity  of  the 
changes  of  composition  (of  however  different  a  natm-e  such  may  be)  which 
those  operations  involve. 

3G3.  In  all  that  has  been  said  on  this  subject,  reference  has  been  espe- 
cially made  to  the  'vesicular'  element  of  the  Nervous  Centres;  for  iu 
regard  to  the  '  fibrous'  component  of  the  nerve-trunks,  which  is  a  mere 
conductor  of  the  force  generated  there,  the  evidence  of  continual  change 
is  not  of  a  kind  to  justify  any  such  assumption.  In  fact,  there  would 
appear  to  be  strong  reasons  for  believing,  that  the  amount  of  '  waste' 
which  it  undergoes  in  the  dischai'ge  of  this  office,  is  comparatively 
trifling  (§  355). 

364.  Of  the  actual  nature  of  the  changes,  by  which  impressions  are 
received  upon  the  peripheral  origins  of  the  afferent  nerves,  or  are  com- 
mimicated  to  the  central  origins  of  the  motor,  and  by  which  they  are  cou- 
ducted  along  each  to  their  opposite  extremities.  Physiologists  have  no 
certain  knowledge.   That  they  are  Electrical  in  their  character,  has  been, 

*  The  Author  has  known  more  than  one  case  of  this  kind,  occurring  among  young  men 
whose  anxiety  for  distinction  had  induced  them  to  go  through  an  excessive  amoimt  of  intel- 
lectual labour  during  their  Student-life,  and  who  found  themselves  forced  to  pay  the  penalty 
of  that  excess,  in  a  subsequent  prolonged  abstinence  from  all  mental  occupation  involving  the 
slightest  degree  of  effort. 

■j'  "  Philosophical  Transactions,"  1846. 

X  Thus,  a  considerable  amount  of  phosphates,  alkaline  as  well  as  earthy,  passes  into  the 
urine  directly  from  the  food,  without  ever  becoming  part  of  the  living  tissue  ;  so  that,  if  food 
be  withheld,  there  is  an  immediate  diminution  in  the  quantity  which  the  urinary  secretion 
contains, — a  consideration  of  special  importance  in  studying  the  influence  of  acute  diseases,  in 
which  the  quantity  of  aliment  taken  is  very  small.  So,  again,  there  are  various  disordered 
states  of  the  digestive  system,  in  which  there  is  an  excess  of  phosphates  in  the  urine,  without 
any  coincident  indication  of  excessive  *  waste  '  of  nervous  tissue.  Moreover,  the  deposit  of 
phosphatic  salts  is  by  no  means  an  adequate  indication  of  their  presence  in  excess ;  since 
their  insolubility  may  depend  upon  conditions  altogether  different. — See  especially  Dr.  Golding 
Bird's  treatise  on  "  Urinary  Deposits,"  chap.  x. 
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and  still  continues  to  be,  a  favourite  theory  with  some ;  and  the  idea  seems 
to  derive  support  from  the  marked  degree  in  which  Electricity,  trans- 
mitted along  the  Nervous  trunks,  can  excite  the  changes  to  which  those 
nerves  are  ordinarily  subservient.  Thus,  a  feeble  galvanic  current,  trans- 
mitted along  the  motor  nerves  of  an  animal  recently  killed,  will  call  the 
muscles  supplied  by  it  into  contraction;  whilst,  on  the  other  hand,  a 
similar  current  transmitted  along  an  afferent  nerve,  shall  excite  reflex 
movements  through  its  ganglionic  centre.  Further,  if  the  cm^-ent  be 
transmitted  along  an  affei'ent  nerve,  in  a  living  animal,  it  will  excite  sen- 
sations which  are  referred  to  the  part  whence  the  nerve  arises;  and,  as 
■  will  be  shown  hereafter  (chap,  xv.,  sect.  1),  Electricity  is  capable  of  thus 
producing  sensations  of  a  special  kind,  as  well  as  those  of  a  general  natui'e. 
Moreover,  in  the  instantaneousness  of  the  transmission  of  Nervous  agency 
from  one  pai't  of  the  system  to  another,  there  is  more  analogy  to  Elec- 
tricity, than  to  any  other  known  force.  But  these  and  similar  arguments 
do  not  prove  the  identity  of  NeiTOus  agency  with  Electricity;  since  the 
effects  of  the  former  may  be  imitated  to  a  certain  extent,  not  merely  by 
Electricity,  but  by  mechanical  and  chemical  stimulation  of  various  kinds. 
— Further,  there  are  powerful  arguments  against  such  a  supposition,  the 
validity  of  which  cannot  be  easily  set  aside.  All  attempts  to  prove  the 
existence  of  an  Electric  current,  in  a  Nervous  trunk  that  is  actually 
engaged  in  conveying  motor  influence,  have  completely  failed,  though 
made  with  the  greatest  precaution.  Thus,  Prof.  Matteucci  having  experi- 
mented upon  the  very  large  crural  nerve  of  a  Horse,  which  was  caused, 
by  stimulating  its  roots,  to  throw  the  muscles  of  the  leg  into  violent 
contraction,  nevertheless  found  that,  although  he  used  instruments  of 
such  delicacy  as  to  be  capable  of  detecting  an  infinitesimally-small  dis- 
tm'bance  of  the  electric  equilibrium,  no  such  disturbance  was  evident.* 
Further,  it  is  well  known  that  the  conducting  power  of  the  nerves  is 
destroyed,  not  merely  by  dividing  the  trunk,  but  also  by  putting  a  liga- 
ture round  it ;  which  last  operation  does  ncrt  diminish  its  powers  as  a 

•  conductor  of  Electricity.  Moreover,  the  various  fibrils  are  not  as  com- 
;  pletely  insulated  from  each  other  in  regard  to  Electricity,  as  we  know 
;  them  to  be  with  respect  to  nervous  agency ;  for  the  first  of  these  forces, 
I  when  transmitted  along  a  nervous  trunk,  cannot  be  restricted  to  any  fibre 

,  or  fasciculus  of  fibres,  but  spreads  through  the  entire  trunk,  and  even  to 
\  the  neighbouring  parts  in  which  it  is  imbedded;  whilst  the  latter  is  con- 
t  tinually  restricted  to  a  small  portion  of  the  trimk,  as  is  manifested  by  its 
r  residts.  Again,  if  a  small  piece  of  a  nervous  trunk  be  cut  out,  and  be 
B  replaced  by  an  electric  conductor,  electricity  will  still  pass  along  the 
^  nerve ;  but  no  nervous  force,  excited  by  stimulus  above  the  section,  will 
b  be  propagated  through  the  conductor  to  the  parts  below.  And  lastly, 
J  the  conducting  power  of  Nerve  for  Electricity  is  stated  by  Matteucci  to 

•  be  not  more  than  one-fourth  of  that  of  Muscle ;  whilst  Messrs.  Todd  and 
^  Bowman  give  it  as  the  result  of  their  experiments,  that  both  Nerve  and 
^  Muscle  are  infinitely  worse  conductors  than  copper ;  their  power  of  con- 
1  duction  not  ranking  above  that  of  water  holding  in  solution  a  small 
-quantity  of  saline  matter. 

*  See  on  this  subject  Prof.  Matteiicci's  various  Memoirs  in  the  "  Philosophical  Transac- 

•  tiona;"  and  his  "  Lectures  on  the  Physical  Phenomena  of  Living  Beings"  (translated  by 
^Dr.  Pcreira),  p.  284. 

A  A 
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365.  We  shall  probably  form  the  most  correct  idea  of  the  relation 
which  subsists  between  Electricity  and  Nervous  power,  by  regarding  it  as 
of  the  same  kind  as  that  which  subsists  between  Electricity  and  Heat  or 
Magnetism.  For  as  a  current  of  Electricity  passed  through  a  small  wire 
generates  Heat,  and  Heat  applied  to  a  particular  combination  of  metals 
generates  Electricity, — or  as  an  Electric  current  passed  roimd  a  bar  of 
iron  renders  it  Magnetic,  whilst  conversely  the  Magnetic  force  will  gene- 
rate the  Electric, — so  do  we  find  that  a  current  of  Electricity,  passed 
through  a  small  portion  of  a  motor  or  sensoiy  nerve,  will  excite  the  Nervous 
force  in  the  remainder;  whilst  there  seems  reason,  fi-om  the  phenomena 
of  the  Electric  Fish,  to  consider  that  Neiwous  force  may  in  its  tm-n  gene- 
rate Electricity.  Hence  we  may  regai'd  them  as  closely  correlated,  though 
not  identical;*  and  this  idea  of  '  correlation'  we  seem  justified  in  extend- 
ing to  those  other  Physical  agencies,  which  have  been  shown  to  be  capable 
of  exciting  Nervous  force ;  namely.  Heat,  Light,  Chemical  Afiinity,  and 
Mechanical  Motion.  For  thei'e  is  adequate  gTound  for  the  belief,  that 
either  of  the  three  former  may  be  excited  by  Nervous  agency,  although 
its  most  obvious  manifestation  is  the  production  of  movement;  and  that 
thus,  as  each  of  these  agencies  is  capable  of  developing  Nerve-force,  and 
of  being  in  its  turn  developed  by  it,  their  relationship  to  it  is  no  less  inti- 
mate than  tliat  which  they  bear  to  each  other,  although  a  more  special 
apparatus  is  required  for  its  instrumental  operation.  And  considering 
that  Nerve-force  is  the  highest  of  all  the  manifestations  of  Vital  power, 
alike  in  its  general  control  over  the  bodily  fabric,  and  in  its  relations  to 
the  functions  of  the  Mind,  it  is  strikingly  confirmatory  of  the  views 
formerly  expressed  (chap,  hi.,  sect.  2),  to  find  that  its  connection  with 
the  Physical  forces  is  so  peculiarly  intimate. 

a.  Although  for  the  sake  of  convenience,  Electricity  and  Nervous  power  are  spoken  of, 
here  and  elsewhere,  as  actual  entities  or  agents,  travelling  in  currents  along  the  wires  or  cords 
that  conduct  them,  it  must  not  be  forgotten  that  the  present  tendency  of  scientific  inquiry 
leads  us  to  abandon  sucTi  an  idea,  in  the  former  case  at  least ;  what  is  commonly  termed  the 
transmission  of  electricity  being  the  result  of  a  molecular  change,  instantaneously  occurring 
along  tiie  whole  length  of  the  conducting  body,  in  virtue  of  a  disturbance  in  the  polar 
arrangement  of  its  particles,  at  one  extremity,  which  causes  a  similar  disturbance  to  manifest 
itself  at  the  other.    Tims,  if 

ab    ab    ab    ab    ab    ab    ab  ab 

represent  the  arrangement  of  the  particles,  in  the  condition  of  equilibrium  or  quiescence,  and 
this  condition  be  disturbed  at  one  extremity,  by  the  operation  of  a  new  attraction  upon  the 
first  particle  as,  a  new  arrangement  will  instantaneously  take  place  throughout :  this  may  be 
represented  by 

a    ba    ba    ba    ba    ba    ba    ba  b, 

which  shows  6  in  a  free  state  at  the  opposite  end,  ready  to  exert  its  influence  upon  anything 
submitted  to  it.  It  is  probable  that  in  this  respect  there  is  an  analogy  between  the  Nervous 
and  Electrical  forces ;  and  that,  instead  of  speaking  of  the  "  transmission  of  nervous  influence" 
along  a  nerve,  we  should  describe  the  change  as  the  production  of  a  "polar  state"  in  the 
nervous  trunk ;  as  was  first  pointed  out  by  Messrs.  Todd  and  Bowman  ("  Physiological  Ana- 
tomy," vol.  i.  p.  240). 


*  See  Prof.  Grove's  Treatise  "On  the  Correlation  of  the  Physical  Forces;"  and  the 
Author's  Memoir  "  On  the  Mutual  Relations  of  the  Vital  and  Physical  Forces,"  in  tlie  "  Phi- 
losophical Transactions"  for  1850.— This  doctrine  has  been  formally  adopted  bj'  Pro'- 
Matteucci,  in  his  Eighth  Series  of  '  Electro-Physiological  Researches,'  published  in  the 
"  Philosophical  Transactions"  for  1850,  p.  296. 
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CHAPTER  VI. 

GENERAL  VIEWS  OF  THE  FUNCTIONS  OF  THE  HUMAN  BODY. 

1.  Of  the  Mutual  Dependence  of  its  Vital  Actions. 

3GG.  By  the  study  of  the  various  forms  of  Elementary  Tissue  of  which 
the  Human  fabric  is  made  up,  we  are  led  to  the  very  same  conclusion 
with  that  which  we  di-aw  from  the  observation  of  the  simplest  forms  of 
organized  being,  or  from  the  scrutiny  into  the  earliest  condition  of  the 
most  complex ; — namely,  that  the  simple  Cell  may  he  regarded  as  the  type 
of  Organization ;  and  that  on  its  actions  7'est  our  fundamental  idea  of  Life. 
Between  the  humblest  Plant,  and  the  embryonic  Human  organism,  there 
is  originally  no  perceptible  difference ;  they  may  be  said  to  have  a  com- 
mon starting-point;  and  the  subsequent  difference  of  their  course  consists 
essentially  in  this, — that  the  successive  generations  of  cells,  which  are  the 
descendants  of  the  former,  are  all  similar  to  it  and  to  each  other,  each  cell 
being  capable  of  maintaining  an  independent  existence;  whilst  the  subse- 
quent generations  which  originate  from  the  latter,  progressively  become 
more  and  more  dissimilar  to  each  other,  and  more  and  more  mutually 
dependent;  so  that  whenever  it  is  thrown  entirely  upon  its  own  resources, 
"  the  integrity  of  the  whole  fabric  becomes  essential  to  the  continued  life  of 
:  any  individual  cell.    Every  individual  part,  however,  even  in  the  most 
1  complex  and  highly-organized  fabric,  has  its  own  capacity  of  develop- 
1  ment ;  and  the  properties  which  it  possesses  are  the  result  of  its  exercise. 

But  instead  of  the  power  of  cell-growth  being  exerted,  as  in  the  Plant, 
.  upon  the  inorganic  elements  around,  it  can  only  be  put  in  action,  in  the 
p.  Animal,  upon  certain  peculiar  compounds,  having  the  same  chemical 
composition  with  its  own  substance ;  and  it  is  for  the  reception  of  these, 
for  their  preparation,  and  for  their  maintenance  in  the  requisite  state 
of  piuity,  that  a  large  part  of  the  fabric  of  the  Animal  is  destined.  But 
if  we  could  imagine  its  several  tissues  to  be  supplied  with  nutriment 
in  any  other  manner,  and  maintained  in  other  respects  in  their  normal 
I  circumstances  (as  regards  warmth,  air,  <fec.),  we  have  every  reason  to 
believe,  that  their  independent  vitality  would  manifest  itself  by  their 
-ontinued  development,  and  by  the  regular  exhibition  of  their  ordinary 
[)roperties.    An  approach  to  this  condition  is  made,  in  the  experiment  of 
:;ntirely  detaching  a  limb  from  the  body,  but  keeping  up  the  circulation 
jf  blood  through  it,  by  means  of  tubes  connecting  its  main  artery  and 
v  ein  with  those  of  the  stump.    Notwithstanding  the  prejudicial  effect  of 
iich  severe  injuries,  the  persistence  of  the  muscular  irritability  in  the 
•parated  part  (§  322),  is  a  sufficient  proof  of  the  continuance  of  the 
loi-mal  actions  of  nutrition,  although  of  course  in  a  diminished  degi'ee. 
^ud  the  occasional  reunion  of  a  member  which  has  been  entirely  sepa- 
ited,  when  decomposing  changes  have  not  yet  commenced  in  it,  most 
I  early  shows,  that  nothing  but  the  restoration  of  its  cmTcnt  of  blood 
^  requisite  for  the  preservation  of  its  vitality,  and  that  its  powers  of 
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growth  aud  renovation  are  inherent  in  itself,  only  requiring  a  due  supply 
of  the  nutrient  material,  with  certain  other  concurrent  conditions. 

367.  In  every  living  structure  of  a  complex  nature,  therefore,  whilst  we 
witness  a  great  variety  of  actions,  resulting  from  the  exercise  of  the  differ- 
ent powers  of  its  several  component  parts,  we  at  the  same  time  perceive 
that  there  is  a  certain  harmony  or  co-ordination  amongst  them  all, 
whereby  they  are  all  made  to  concur  in  the  maintenance  of  the  Life  of 
the  organism  as  a  whole.  And  if  we  take  a  general  survey  of  them,  with 
reference  to  their  mutual  relations  to  each  other,  we  shall  perceive  that 
they  may  be  associated  into  groups ;  each  consisting  of  a  set  of  actions, 
which,  though  different  in  themselves,  concur  in  effecting  some  positive 
and  determinate  purpose.  These  groups  of  actions  are  termed  Functions. 
— Thus,  one  of  the  most  universal  of  all  the  changes  necessary  to  the  cour 
tinned  existence  of  a  living  being,  is  the  exposure  of  its  nutritious  fluid  to 
the  air ;  by  the  action  of  which  upon  it,  certain  alterations  are  effected. 
For  the  performance  of  this  aeration,  simple  as  the  change  appears,  many 
provisions  ai'e  required.  In  the  first  place,  there  must  be  an  aerating 
surface,  consisting  of  a  thin  membrane,  permeable  to  gases ;  on  the  one 
side  of  which  the  blood  may  be  spread  out,  whilst  the  air  is  in  contact 
with  the  other.  Then  there  must  be  a  provision  for  continually  renewing 
the  blood  which  is  brought  to  this  surface ;  in  order  that  the  whole  mass 
of  fluid  may  be  equally  benefited  by  the  process.  And,  in  like  manner, 
the  stratum  of  air  must  also  be  renewed,  as  frequently  as  its  constituents 
have  undergone  any  essential  change.  We  include,  therefore,  in  speaking 
of  the  '  function  of  respii*ation,'  not  only  the  actual  aerating  process,  but 
also  the  various  changes  which  are  necessary  to  carry  this  into  effect,  aud 
which  obviously  have  it  for  their  ultimate  pm-pose. 

368.  On  further  examining  and  comparing  these  Functions,  we  find 
that  they  are  themselves  capable  of  some  degree  of  classification.  Indeed 
the  distinction  between  the  groups  into  which  they  may  be  airanged,  is 
one  of  essential  importance  in  Animal  Physiology.    If  we  contemplate 
the  history  of  the  Life  of  a  Plant,  we  perceive  that  it  grows  from  a  germ 
to  a  fabric  of  sometimes  gigimtic  size, — generates  a  large  quantity  of 
organized  structure,  as  well  as  many  organic  compounds,  which  form  the 
products  of  secretion,  but  which  do  not  undergo  organization, — and  mul- 
tiplies its  species,  by  the  production  of  germs  similar  to  that  fi'om  which 
it  originated ; — but  that  it  performs  all  these  complex  oj)erations,  without 
(so  far  as  we  can  perceive)  either  feeling  or  thinking,  without  conscious- 
ness or  will.    All  the  functions  of  which  its  Life  is  composed,  are,  there- 
fore, grouped  together  under  the  general  designation  of  Functions  of 
Organic  or  Vegetative  life ;  and  they  are  subdivided  into  those  concerned  in 
the  development  and  maintenance  of  the  structui-e  of  the  indi%adual, 
which  are  termed  functions  of  Nutrition,  and  those  to  which  the  Eepro- 
cluction  of  the  species  is  due.  —  The  great  feature  of  the  Nutritive  opera- 
tions in  the  Plant,  is  their  constructive  character.  They  seem  as  if  destined 
merely  for  the  building-up  and  extension  of  the  fabric ;  and  to  this  exten- 
sion there  seems  in  some  cases  to  be  no  determinate  limit.    But  it  is  veiy 
important  to  remark,  that  the  growth  of  the  more  2^er7nanent  parts  of  the 
structure  is  only  attained  by  the  continual  development,  decay,  and 
renewal  of  parts,  whose  existence  is  temioorary.    No  fact  is  better  estfib- 
liehed  in  Vegetable  Physiology,  than  the  dependence  of  the  formation  oi 
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wood  upon  the  action  of  the  leaves.  It  is  in  their  cells  that  those  impor- 
tant changes  are  effected  in  the  sap,  by  which  it  is  changed,  from  a  crude 
wateiy  fluid  containing  very  little  solid  matter,  to  a  viscid  substance 
including  a  great  variety  of  organic  compounds,  destined  for  the  nutrition 
of  the  various  tissues.  The  '  fall  of  the  leaf '  results  merely  from  the 
deatli  and  decay  of  its  tissue ;  as  is  evident  from  the  fact,  that,  for  some 
time  previously,  its  regular"  functions  cease,  and  that,  instead  of  a  fixation 
of  carbon  from  the  atmosphere,  there  is  a  liberation  of  carbonic  acid  (a 
result  of  their  decomposition)  in  large  amount.*  Now  this  process  takes 
place  no  less  in  'evergreens'  than  in  'deciduous'  trees;  the  only  difference 
bemg,  that  the  leaves  in  the  latter  are  all  cast  off  and  renewed  together, 
whilst  in  the  former  they  are  continually  being  shed  and  replaced,  a  few 
at  a  time.  It  appears  as  if  the  nutritious  fluid  of  the  higher  Plants  can 
only  be  prepared  by  the  agency  of  cells  whose  duration  is  brief;  for  we 
have  no  instance  in  which  the  tissue  concerned  in  its  elaboration  possesses 
more  than  a  very  limited  term  of  existence.  But  by  its  active  vital  opera- 
tions, it  produces  a  fluid  adapted  for  the  nutrition  of  parts  which  are  of  a 
much  more  solid  and  permanent  character,  and  which  undergo  little  change 
of  any  kind  subsequently  to  their  complete  development;  this  want  of 
tendency  to  decay  being  the  result  of  the  very  same  peculiarity  of  consti- 
tution, as  that  which  renders  them  unfit  to  participate  in  the  proper  vital 
phenomena  of  the  organism  (§  114).  Thus  the  final  cause  or  purpose  of 
aU  the  Nutritive  functions  of  the  Plant,  so  far  as  the  individual  is  con- 
cerned, is  to  produce  an  indefinite  extension  of  the  dense,  woody,  almost 
inert,  and  permanent  portions  of  the  fabric,  by  the  continued  development, 
I  decay,  and  renewal  of  the  soft,  active,  and  transitory  cellular  parenchyma. 
-  — The  Nutritive  functions,  however,  also  supply  the  materials  for  the 
I  continuance  of  the  race,  by  the  generation  of  new  individuals ;  since  a  new 
I  germ  cannot  be  formed,  any  more  than  the  parent  structure  can  be 
t  extended,  without  organizable  materials,  prepared  by  the  assimilating 
j  process,  and  supplied  to  the  parts  where  active  changes  are  going  on. 

369.  On  analysing  the  operations  which  take  place  in  the  Animal  body, 
s  we  find  that  a  large  number  of  them  are  of  essentially  the  same  character 
w  with  the  foregoing,  and  differ  only  in  the  conditions  under  which  they  are 
performed ;  so  that  we  may,  in  fact,  readily  separate  the  Organic  func- 
tions, which  are  directly  concerned  in  the  development  and  maintenance 
of  the  fabric,  from  the  Animal  functions,  which  render  the  individual 
conscious  of  external  impressions,  and  capable  of  executing  spontaneous 
movements.  The  relative  development  of  the  organs  destined  to  these 
two  pui-poses,  differs  considerably  in  the  several  groups  of  Animals.  The 
life  of  a  Zoophyte  is  upon  the  whole  much  more  '  vegetative '  than 
*  animal;'  and  we  perceive  in  it,  not  merely  the  very  feeble  development 
of  those  powers  which  are  peculiar  to  the  Animal  kingdom,  but  also  that 
tendency  to  indefinite  extension  which  is  characteristic  of  the  Plant.  In 
the  Insect  we  have  the  opposite  extreme ;  the  most  active  powers  of 
motion,  and  sensations  of  which  some  (at  least)  are  very  aciite,  coexisting 
with  a  low  development  of  the  organs  of  nutrition.  In  Man  and  the 
higher  classes  generally,  we  have  less  active  powers  of  locomotion,  but  a 
much  greater  variety  of  Animal  faculties;  and  the  instruments  of  the 


•  See  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  %  120,  494,  554. 
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Organic  or  nutritive  operations  attain  their  highest  development,  and  their 
gi'eatest  degi-ee  of  mutual  dependence.  We  see  in  the  fabric  of  all  beings, 
in  which  the  Animal  powers  are  much  developed,  an  almost  entire  want  of 
that  tendency  to  indefinite  extension,  which  is  so  characteristic  of  the  Plant; 
and  when  the  large  amount  of  food  consumed  by  them  is  considered,  the 
question  naturally  arises,  to  what  purpose  this  food  is  applied,  and  what  is 
the  necessity  for  the  continued  activity  of  the  Organic  functions,  when 
once  the  fabric  has  attained  the  limit  of  its  development. 

370.  The  answer  to  this  question  lies  in  the  fact,  that  the  exercise  of  the 
Animal  functions  is  essentially  destructive  of  their  instruments;  every 
operation  of  the  Nervous  and  Musculai'  systems  involving,  as  its  necessary 
condition,  a  disintegration  of  a  certain  pai't  of  their  tissues ;  so  that  the 
duration  of  the  existence  of  those  tissues  varies  inversely  to  the  use  that  ia 
made  of  them,  being  less  as  their  functional  activity  is  greater.  Hence, 
when  an  Animal  is  very  inactive,  it  requires  but  little  nutrition;  if  in 
moderate  activity,  there  is  a  moderate  demand  for  food ;  but  if  its  Nei-vo- 
muscular  energy  be  frequently  and  powerfully  aroused,  the  supply  must 
be  increased,  in  order  to  maintain  the  vigom-  of  the  system. — We  are  not 
to  measure  the  activity  of  the  Nervous  system,  however,  like  that  of  the 
Muscular,  only  by  the  amount  of  viovement  to  which  it  gives  origin.  For 
there  is  equal  evidence,  that  the  demand  for  blood  in  the  Brain,  the 
amount  of  nutrition  it  receives,  and  the  degree  of  disintegTation  it  under- 
goes, are  proportional  likewise  to  the  energy  of  the  purely  psychical 
operations ;  so  that  the  vigorous  exercise  of  the  intellectual  powers,  or  a 
long-continued  state  of  agitation  of  the  feelings,  produces  as  great  a 
*  waste '  of  Nervous  matter,  as  is  occasioned  by  active  bodily  exercise. 
From  this  and  other  considerations,  we  are  almost  irresistibly  led  to  the 
belief,  that  eveiy  act  of  Mind  is  insepai'ably  connected,  in  our  present 
state  of  being,  with  material  changes  in  the  Nervous  System;  a  doctrine 
not  in  the  least  inconsistent  with  the  belief  in  the  separate  immateiial 
existence  of  the  Mind  itself,  nor  with  the  exj)ectation  of  a  future  state 
in  which  the  communion  of  Mind  with  Mind  shall  be  more  direct  and 
unfettered. 

371.  Thus  in  the  Animal  fabric,  among  the  higher  classes  at  least,  the 
function  or  purpose  of  the  organs  of  Vegetative  life  is  not  so  much  the 
extension  of  the  fabric,  for  this  has  certain  definite  limits,  as  the  mainte- 
nance of  its  integrity,  hy  the  repai'ation  of  the  destructive  effects  of  the 
exercise  of  the  purely  Animal  p>owers.  By  the  oj)erations  of  Digestion, 
Assimilation,  and  Circulation,  the  nutritive  materials  are  prepaa-ed  and 
conveyed  to  the  points  where  they  are  required;  the  Circulation  of  Blood 
also  serves  to  transmit  oxygen,  which  is  introduced  by  the  Kespiratoiy  pro- 
cess ;  and  it  has  further  for  its  ofi&ce  to  convey  away  the  products  of  tliat 
decomposition  of  the  Muscular  and  Nervous  tissues,  which  results  from 
their  functional  activity,  these  products  being  destined  to  be  separated  by 
the  Respiratory  and  other  Excreting  operations.  In  the  performance  of 
the  Organic  functions  of  Animals,  as  in  those  of  Plants,  there  is  a  con- 
tinual new  production,  decay,  exuviation,  and  renewal,  of  the  cells  by 
whose  instrumentality  they  are  effected ;  which  altogether  effect  a  change 
not  less  complete  than  that  of  the  leaves  in  Plants.  But  it  takes  place  m 
the  penetralia  of  the  system,  in  such  a  manner  as  to  elude  obseiTation, 
except  that  of  the  most  scrutinising  kind ;  and  it  has  been  in  bringing 
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this  into  view,  that  the  Microscope  has  rendered  most  essential  service  in 
Physiology. 

372.  The  regular  maintenance  of  the  functions  of  Animal  life  is  thus 
entirely  dependent  upon  the  due  performance  of  the  Nutritive  opera- 
tions ;  a  consideration  of  great  importance  in  practice,  since  a  very  large 
proportion  of  what  are  termed  'functional  disorders'  (of  the  Nervous 
system  especially)  are  immediately  dependent  upon  some  abnormal  con- 
ation of  the  Blood.  But  there  also  exists  a  connection  of  an  entirely 
reverse  kind,  between  the  Organic  and  Animal  functions;  for  the  con- 
ditions of  Animal  existence  render  the  former  in  great  degree  dependent 
on  the  latter.  In  the  acquisition  of  food,  for  example,  the  Animal 
has  to  make  use  of  its  senses,  its  psychical  faculties,  and  its  power 
of  locomotion,  to  obtain  that  which  the  Plant,,  from  the  different  pro- 
vision made  for  its  support,  can  derive  without  any  such  assistance; 
moreover,  the  propulsion  of  the  food  along  the  alimentary  canal  of  the 
foi-mer,  requires  a  series  of  operations  in  which  Muscular  contractility  is 
requii-ed,  the  Nervous  and  Muscular  systems  being  together  employed  at 
the  two  extremes;  and  thus  we  see  that  the  change  in  the  conditions 
required  for  the  ingestion  of  food  by  Animals,  has  rendered  necessary  the 
introduction  of  additional  elements  into  the  apparatus,  to  which  nothing 
comparable  was  to  be  found  in  plants.  Again  in  the  function  of  respira- 
tion, as  performed  in  Man  and  the  higher  animals,  the  Nervous  and  Mus- 
culai'  systems  are  alike  involved;  for  the  movements  by  which  the  air  in 
the  lungs  is  being  continually  renewed,  are  dependent  upon  the  action  of 
both;  and  those  by  which  the  blood  is  proj)elled  through  the  respiratory 
organs,  are  chiefly  occasioned  by  the  contractility  of  a  muscular  organ, 
the  heart.  Such  movements,  however,  as  are  thus  immediately  connected 
with  the  maintenance  of  the  Organic  functions,  do  not  depend  upon  the 
will,  and  may  even  be  performed  without  our  consciousness;  they  can 
scarcely  be  regarded,  therefore,  as  forming  part  of  om-  proper  Animal 
life;  and  the  only  essential  difference  whicli  they  present,  from  those 
which  are  occasionally  performed  by  Plants  (especially  such  as  exhibit 
the  transmission  of  the  effect  of  a  stimulus  to  some  distance, — the  fold- 
ing of  the  leaves  of  the  Mimosa,  or  the  closure  of  the  fly-trap  of  the 
Dionsea,  for  example),  consists  in  the  instrumentality  through  which  they 
are  performed, — this  being  in  Animals  a  peculiar  Nervous  and  Muscular 
apparatus,  whilst  in  Plants  it  is  only  a  modification  of  the  ordinary 
stiiicture. 

373.  From  what  has  been  said,  then,  it  appears  that  all  the  functions 
of  the  Animal  body  are  so  completely  bound  up  together,  that  none  can 
be  suspended  without  the  cessation  of  the  rest.  The  properties  of  all  the 
tissues  and  organs  are  dependent  upon  their  regular  Nutrition,  by  a  due 
supply  of  perfectly-elaborated  blood;  this  cannot  be  effected,  unless  the 
functions  of  Circulation,  Respiration,  and  Excretion,  be  performed  with 
regularity, — the  first  being  necessary  to  convey  the  supply  of  nutritious 
fluid,  and  the  two  latter  to  separate  it  from  its  impurities.  The  Respira- 
tion cannot  be  maintained,  without  the  integrity  of  a  certain  part  of  the 
Nervo-muscular  apparatus ;  and  the  due  action  of  this,  again,  is  depend- 
ent upon  its  regular  nutrition.  The  materials  necessary  for  the  re])lace- 
raent  of  those  which  are  continually  being  separated  from  the  blood,  can 
only  be  derived  by  the  Absorpt  ion  of  ingested  aliment;  and  this  cannot 
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be  accomplished,  without  the  preliminary  process  of  Digestion.  The 
introduction  of  food  into  the  stomach,  again,  is  dependent,  like  the  actions 
of  Respiration,  upon  the  operations  of  the  muscular  apparatus  and  of  a 
part  of  the  nervous  centres ;  and  the  previous  acquirement  of  food  neces- 
sarily involves  the  purely  Animal  powers.  Now  it  will  serve  to  show  the 
distinction  between  these  powers,  and  those  which  are  merely  subservient 
to  Organic  life,  if  we  advert  to  the  case,  which  is  of  no  unfrequent 
occurrence,  of  a  Human  being,  deprived  by  some  morbid  condition  of 
the  brain,  of  all  the  powers  of  Animal  life,  sensation,  thought,  volition, 
&c. ;  and  yet  capable  of  maintaining  a  Vegetative  existence,  in  which  all 
the  organic  functions  go  on  as  usual, — ^that  division  of  the  nervous  system 
which  is  concerned  in  the  movements  whereon  some  of  them  depend,  not 
being  yet  affected  by  the  morbid  influence.  It  is  evident  that  we  can 
assign  no  definite  limits  to  such  a  state,  so  long  as  the  respiratory  move- 
ments are  sustained,  and  the  necessary  food  is  placed  within  reach  of  tlie 
grasjD  of  the  muscles  that  will  convey  it  into  the  stomach :  as  a  matter 
of  fact,  however,  it  is  seldom  of  long  continuance,  since  the  disordered 
state  of  the  brain  is  sure  to  extend  itself,  sooner  or  later,  to  the  rest  of 
the  nervous  system.  This  condition  may  be  experimentally  imitated, 
however,  by  the  removal  of  the  brain,  in  many  of  the  lower  animals, 
whose  bodies  will  sustain  life  for  many  months  after  such  a  mutilation ; 
but  this  can  only  take  place,  when  that  food  is  conveyed  by  external 
agency  within  tlie  pharynx,  which  they  would,  if  in  their  natm-al  con- 
dition, have  obtained  for  tliemselvcs.  A  similar  expei'iment  is  sometimes 
made  by  Nature  for  the  Physiologist,  in  the  productioxi  of  foetuses,  as 
well  of  tlie  human  as  of  other  species,  in  which  the  brain  is  absent;  these 
can  breathe  and  suck  and  swallow,  and  perform  all  their  organic  fmic- 
tions;  and  there  is  no  assignable  limit  to  their  existence,  so  long  as  they 
are  duly  supplied  with  food.*  Hence  we  may  learn  the  exact  nature  of 
the  dependence  of  the  Organic  functions  upon  those  of  purely  Animal 
life;  and  we  perceive  that,  though  less  immediate  than  it  is  upon  the 
simple  excito-motor  actions  of  the  nervous  and  muscular  systems,  it  is  not 
less  complete.  On  the  other  hand,  the  functions  of  Animal  life  are  even 
more  closely  dependent  upon  the  Nutritive  actions,  than  are  those  of 
organic  life  in  general ;  for  many  tissues  will  retain  their  several  proper- 
ties and  their  power  of  growth  and  extension,  for  a  much  longer  period 
after  a  general  interruption  of  the  circulation,  than  will  the  Nervous 
structure ;  which  is,  indeed,  instantaneously  affected  by  a  cessation  of  the 
due  supply  of  blood,  or  by  the  depravation  of  its  quality  (§  356). 


2.  Functions  of  Vegetative  Life. 

374.  As  a  certain  change  of  composition  of  the  Organized  fabric  is  a 
necessary  condition  of  every  manifestation  of  its  Vital  activity,  it  is 

*  A  very  remarkable  case  has  been  mentioned  to  the  Author  by  his  friend  Mr.  Walhs  of 
Hull;  the  subject  of  which  has  never,  from  the  time  of  his  birth,  exhibited  any  distinct 
indication  of  consciousness,  and  has  yet,  by  sedulous  care,  been  reared  to  the  age  oi  ten  }^^^^^ 
There  is  no  appearance  of  any  malformation  about  the  Brain,  and  yet  it  must  obviouslj 
functionally  inactive ;  for  no  movements  have  ever  been  witnessed,  whicli  seem  to  P''''^5?^_ 
from  any  higlicr  centre  than  the  Medulla  Oblongata.  Even  in  the  administration  of  ' 
ment,  it  is  necessary  that  the  food  should  be  carried  back  into  the  pharj  nx,  so  that  it  m  j 
be  grasped  by  the  reflex  action  of  its  constrictors. 
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Dbvioiisly  requisite  that  a  provision  should  exist  for  the  replacement,  by 
tiew  matter,  of  all  those  particles,  which,  having  lost  their  vital  endow- 
ments, are  in  process  of  return  to  the  condition  of  inorganic  matter. 
And  hence,  of  coni*se,  every  increase  in  the  activity  of  the  Animal  func- 
tions becomes  a  source  of  augmented  demand  for  nourishment ;  provided, 
\t  least,  that  such  increase  does  not  go  to  the  extent  of  exhausting  the 
rital  energies,  and  thus  of  preventing  the  due  performance  of  the  Nutri- 
tive functions.    A  constant  supply  of  Aliment  is  therefore  needed  for 
the  maintenance  of  the  body,  after  it  has  arrived  at  its  full  development. 
The  eftects  of  the  process  of  waste  and  decay,  uncompensated  by  that  of 
••enovation,  are  seen  in  starvation  and  in  diseases  of  exhaustion  (§  41 6)  j 
in  which  there  is  a  gradual  diminution  in  the  bulk  of  nearly  all  the 
-cissues  of  the  body,  so  that,  before  death  supervenes,  the  total  reduction 
n  weight  is  very  considerable. — But  in  the  growing  state  of  the  organism 
there  is,  of  com*se,  an  additional  demand  for  Aliment,  to  supply  the 
.  materials  for  the  extension  which  is  continually  taking  place  in  it.  This, 
however,  does  not  make  so  great  a  difference  as  it  might  appear  to  do,  in 
:he  supply  of  food  which  is  required.    For  if  the  absolute  addition 
ivhich  is  made  by  gi'owth  to  the  body  in  any  given  time,  be  compared 
vith  the  amount  of  change  of  composition  which  takes  place  in  the  same 
period, — the  latter  being  judged-of  by  the  quantity  of  food  consumed, 
md  by  the  amount  of  excrementitious  matter  which  passes  off  by  the 
..rmgs,  liver,  kidneys,  skin,  &c. — it  will  be  found  to  bear  but  a  very  small 
Droportion  to  it.    The  fact  is  rather,  that,  during  the  whole  period  of 
,Towth,  there  is  (so  to  speak)  a  continual  re-modelling  of  the  entire 
abric ;  the  hfe  of  each  part  being  brief,  in  order  that  its  renovation  may 
le  effected  on  a  somewhat  different  scale  (§§  130,  131).    And  thus  it 
1  lappens  that  children  require  a  much  larger  amount  of  food  in  propor- 
ion  to  their  bulk,  than  that  which  sufl&ces  for  adults.    On  the  other 
>and,  in  old  persons,  the  life  of  each  part  is  comparatively  slow;  its 
'ital  operations  are  deficient  in  activity;  and  the  processes  of  waste  and 
;:he  demand  for  food  are  proportionally  retarded  (§  133). 

375.  But  another  and  most  impoi-tant  source  of  demand  for  food,  in 
vlan  and  warm-blooded  animals  generally,  arises  out  of  the  requirements 
»f  the  combustive  process,  whereby  the  Heat  of  the  body  is  maintained. 
This  demand  will  vary,  ccetei^is  paribus,  with  the  amount  of  heat  to  be 
,'enerated,  which  bears  a  direct  proportion  to  the  depression  of  the 
xtemal  temperature,  the  standard  of  the  body  itself  being  fixed, 
fence  external  Cold  comes  to  be  a  soiurce  of  demand  for  food;  whilst 
rtificial  warmth  may  be  made  to  take  the  place  of  the  nourishment 
lierwise  required  for  this  purpose;  as  was  shown  by  the  remai'kable 
periments  of  Chossat  hereafter  to  be  referred-to  (chaps,  vii.  and  xiii). 
,  —But  if  the  amount  of  exercise  taken  be  very  considerable,  especially  in 
^  .-arm  climates,  where  the  demand  for  the  production  of  Heat  is  reduced 
'  its  minimum,  a  sufficient  amount  of  pabulum  for  the  respiratory  pre- 
ss may  be  provided  by  the  disintegi^ation  of  the  nervo-muscular  appa- 
I  atus,  without  any  special  supply  being  required. 

'  376.  The  demand  for  food  is  increased  by  any  cause  which  creates  an 
:nusual  drain  or  waste  in  the  system.    Thus  an  extensive  suppuratino- 

||  .ction  can  be  sustained  only  by  a  large  supply  of  highly  nutritious  food 
'he  mother,  who  has  to  furnish  the  daily  supply  of  milk,  which  consti- 
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tiites  the  sole  support  of  her  offspring,  needs  an  unusual  sustenance  for 
this  purpose.  And  there  are  states  of  the  system,  in  which  the  solid  tissues 
seem  to  possess  an  abnormal  tendency  to  decomposition,  and  in  which 
an  increased  supply  of  aliment  is  therefore  required.  This  is  the  case, 
for  example,  in  Diabetes ;  one  of  the  first  symptoms  of  which  disease  is 
the  craving  appetite,  that  seems  as  if  it  would  be  never  satisfied.  And 
there  can  be  no  doubt  that,  putting  aside  all  the  other  circumstances 
which  have  been  alluded  to,  there  is  much  difference  amongst  individuals, 
in  regard  to  the  rapidity  of  the  changes  which  their  organism  undergoes, 
and  the  amount  of  food  consequently  required  for  its  maintenance. 

377.  The  want  of  solid  aliment  is  made  known  by  the  feeling  of 
Hunger;  and  that  of  liquids,  by  the  feeling  of  Thirst.  These  feelings, 
as  will  be  shown  hereafter  (chap,  vii.,  sect.  2),  are  but  secondai-ily  depen- 
dent upon  the  state  of  the  stomach ;  and  may  be  considered,  in  the  state 
of  health,  as  tolerably  faithful  indications  of  the  wants  of  the  body  at 
lai'ge.  They  become  the  stimulants  to  mental  operations,  having  for 
their  object  the  gratification  of  the  desire  by  the  acquisition  of  food.  In 
the  state  of  Infancy,  tlie  actions  which  they  prompt  ai'e  obviously  auto- 
matic; that  is,  they  are  performed  in  direct  respondence  to  the  aj^pro- 
priate  stimulus,  and  do  not  involve  any  idea  of  purpose  or  object  on  the 
part  of  the  being  which  executes  them.  But  in  all  succeeding  periods  of 
life,  they  are  piu-ely  voluntary ;  being  performed  with  a  desig-ned  or  pm'- 
posive  adajDtation  of  means,  to  ends  which  are  clearly  before  the  con- 
sciousness.— The  reception  of  food  into  the  mouth,  and  its  jDreparation  by 
the  acts  of  mastication  and  insalivation,  would  seem  rather  to  belong  to 
the  consensual  or  'sensori-motor'  class  of  movements;  being  performed 
quite  independently  of  the  will,  whenever  that  power  is  in  abeyance,  or  is 
differently  directed.  By  these  movements,  the  aliment  is  brought  within 
reach  of  the  pharyngeal  muscles,  whose  contraction  cannot  be  effected  by 
the  will,  but  is  purely  reflex,  or  'excito -motor,'  resulting  merely  from  the 
conveyance  to  the  Medulla  Oblongata  of  the  impression  made  upon  the 
faiices  by  the  contact  of  the  substance  swallowed,  and  from  the  reflexion 
of  an  influence  excited  by  that  impression,  back  to  the  muscles.  By 
these  it  is  propelled  down  the  oesophagus;  and,  after  their  action  has 
ceased,  it  is  taken  up  (as  it  were)  by  the  muscular  coat  of  the  oesophagus 
itself,  and  is  conveyed  into  the  stomach.  How  far  the  movements  of  the 
lower  pai'ts  of  the  oesophagus  and  of  the  stomach  are  in  Man  dej)eudent 
upon  reflex  action,  is  uncertain ;  the  facts  which  have  been  ascertained  on 
this  point,  by  experiment  on  animals,  will  be  detailed  in  their  proper 
place  (§§  428,  430). 

378.  In  the  Stomach,  the  food,  certain  components  of  which  have  been 
already  altered  by  the  chemical  action  of  the  saliva,  is  brought  under  the 
influence  of  the  gastric  secretion ;  the  chemical  action  of  which,  aided  by 
the  constantly-elevated  temperature  of  the  interior  of  the  body,  and  by 
the  continual  agitation  effected  by  the  contractions  of  the  parietes  of  the 
oi'gan,  effects  a  more  or  less  complete  reduction  of  it.  Some  of  its  nutri- 
tive components,  being  actually  dissolved  by  the  gastric  juice,  are  thus 
prepared  for  immediate  absorption;  but  others  require  the  admixtui'e 
of  the  biliary  and  pancreatic  secretions,  whereby  various  changes  ai'e 
effected  in  their  condition,  which  prepare  them  also  for  reception  into 
the  circulating  system.    The  nutritious  portion  being  gradually  talten 
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up  by  the  Blood-vessels  aud  by  the  Absorbent  vessels  (or  Lactcals),  which 
are  distributed  on  the  walls  of  the  alimentary  canal,  the  indigestible 
residue  is  propelled  along  the  intestinal  tube  by  the  simple  contractility 
of  its  walls,  undergoing  at  the  same  time  some  further  change,  by  which 
[  the  nutritive  materials  ai-e  still  more  completely  extracted  from  it.  And 
I  at  last,  the  excrementitious  matter, — consisting  not  only  of  the  insoluble 
'  portion  of  the  food  taken  into  the  stomach,  but  also  of  part  of  the  secre- 
tion of  the  liver,  and  of  that  of  the  mucous  surface  of  the  intestines  and 
•lof  their  giandulse, — is  voided  from  the  opposite  extremity  of  the  canal, 
-by  a  muscular  exertion,  which  is  partly  reflex,  like  that  of  deglutition, 
but  is  partly  voluntary,  especially  (as  it  would  appear)  in  Man.  The 
>  whole  of  this  series  of  operations,  by  which  the  nutritive  materials  ai-e 
■prepared  for  being  absorbed,  may  be  considered  as  constituting  the  func- 
tion of  Di(/estion. 

379.  The  introduction  of  the  nutritive  materials  thus  prepared,  into 
I  the  vessels  which  convey  them  to  the  tissues,  constitutes  the  function  of 
■  Absorption.    But  these  materials  undergo  important  changes  in  their 
progTCss  towards  the  centime  of  the  circulation,  whereby  they  are  brought 
more  nearly  to  the  condition  of  true  Blood;  and  these  changes  are  desig- 
Qated  by  the  term  Assimilation. — There  seems  no  doubt  that  fluid  con- 
iaining  saline,  albuminous,  or  other  matters  in  a  state  of  complete  solu- 
.:ion,  may  be  absorbed  by  the  Blood-vessels  with  which  the  mucous 
membrane  of  the  alimentary  canal  is  so  copiously  supplied;  and  this 
1  dmple  process  of  imbibition  probably  takes  place  according  to  the  phy- 
dcal  laws  of  Endosmose.    But  the  selection  and  absorption  of  some  of 
."ihe  nutritive  materials  appear  to  be  performed,  not  by  vessels,  but  by 
);he  specific  vital  endowments  of  cells  (§  460),  which  subsequently  yield 
jip  their  contents  to  the  Lacteals.    The  fluid  thus  absorbed,  which  now 
;'"eceives  the  name  of  Chyle,  is  propelled  through  the  Lacteals  by  the  con- 
•  ractility  of  their  walls ;  aided  in  pai't,  perhaps,  by  a  vis  a  tergo  derived 
rom  the  force  of  the  absorption  itself — With  the  reception  of  the  nutri- 
■ious  fluid  into  the  vessels,  commences  its  real  preparation  for  Organiza- 
ion.    Up  to  that  period,  it  cannot  be  said  to  be  in  any  degxee  vitalized; 
lie  changes  which  it  has  undergone  being  only  of  a  chemical  and  phy- 
ical  nature,  and  such  as  merely  prepare  it  for  subsequent  assimilation, 
)ut  in  the  passage  of  that  which  has  been  taken  up  by  the  Blood-vessels, 
hrough  the  Liver,  very  important  changes  are  effected  in  its  condition, 
vhereby  it  is  brought  to  a  state  more  nearly  corresponding  with  true 
Hood.    And  in  like  manner,  the  Chyle,  in  passing  through  the  long  and 
ftuous  system  of  Absorbent  vessels  and  glands,  undergoes  changes 
vhich,  with  little  chemical  difference,  manifest  themselves  by  a  decided 
Iteration  in  its  proj)erties;  so  that  the  chyle  of  the  Thoracic  duct  is 
vidently  a  very  different  fluid  from  the  chyle  of  the  Lacteals,  aj^proach- 
!g  much  nearer  to  blood  in  its  general  characters.    These  characters  are 
uch  as  indicate  that  the  process  of  organization  and  vitalization  has  com- 
lonced ;  as  may  be  known  alike  fi'om  the  microscopic  appearance  of  the 
11  id,  and  from  the  actions  it  performs  when  removed  from  the  body, 
''le  Chyle  thus  modified  is  conveyed  into  the  Sanguiferous  system  of 
^sels,  and  flows  directly  to  the  heart ;  by  which  it  is  transmitted,  Avitli 
le  mass  of  the  blood,  to  the  lungs.    It  there  has  the  opportunity  of 
Ncreting  its  superfluous  carbonic  acid,  and  of  absorbing  oxygen;  and 
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probably  acquires  gradually  the  properties  by  which  the  blood  previously 
formed  is  distinguished,  thus  becomiug  the  pabulum  vitce  for  the  whole 
system. — The  fluid  which  is  brought  by  the  Lymphatic  system,  from  those 
pai'ts  of  the  organism  to  which  it  is  distributed,  is  obviously  of  a  character 
no  less  nutritive  than  the  chyle,  though  formerly  regarded  as  excrementi- 
tious;  its  source  appears  to  be  partly  in  the  serous  transudation  which 
escapes  from  the  blood-vessels  into  the  substance  of  the  tissues,  the  super- 
fluity of  which  is  taken  up  again  and  cai'ried  back  into  the  circulation  by 
the  lymphatics ;  and  partly,  it  may  be,  in  the  re-solution  of  such  portions 
of  the  tissues  themselves,  as,  though  dead,  are  not  in  a  state  of  decomposi- 
tion that  prevents  their  components  from  being  again  made  available  as 
nutritive  materials.  The  Lymph,  like  the  chyle,  seems  to  undergo  an 
elaborating  process  in  its  passage  towards  the  thoracic  duct,  whereby  it  is 
gradually  assimilated  to  blood  in  its  natm'e. 

380.  The  Circulation  of  the  Blood  through  the  tissues  and  organs 
which  it  is  destined  to  support,  is  a  process  evidently  necessary,  alike  for 
supplying  them  with  the  nutritious  materials  which  are  provided  for  the 
repair  of  their  waste,  and  for  removing  those  elements  of  their  fabric 
which  are  in  a  state  of  incipient  decomposition.  In  the  lowest  classes  of 
organized  beings,  every  portion  of  the  structm-e  is  in  direct  I'elation 
with  its  nutritive  materials;  it  can  absorb  for  itself  that  which  is  required; 
and  it  can  readily  part  with  that  of  which  it  is  desirable  to  get  rid. 
Hence,  in  such,  no  general  circulation  is  necessary.  In  Man,  on  the 
other  hand,  the  digestive  cavity  occupies  so  small  a  portion  of  the  body, 
that  the  organs  at  a  distance  from  it  have  no  other  means  than  their 
vascular  comnmnication  afibrds,  of  paiiicipating  in  the  results  of  its 
operations;  and  it  is  moreover  necessary,  that  they  should  be  continually 
fm-nished  with  the  organizable  materials,  of  which  the  occasional  operar 
tion  of  the  digestive  jn-ocess  would  otherwise  afford  only  an  intermitting 
supply.  Tliis  is  especially  the  case,  as  already  mentioned,  with  the 
Nervous  system,  which  is  so  predominant  a  feature  in  the  constitution  of 
Man;  and  we  accordingly  find  both  objects  provided-for,  in  the  formation 
of  a  large  quantity  of  a  semi-organized  product,  which  contains  within 
itself  the  materials  of  all  the  tissues,  and  is  constantly  being  cai-ried  into 
relation  with  them. — The  propulsion  of  the  Blood  through  the  large  trunks, 
which  subsequently  divide  into  capillary  vessels,  is  due  to  the  conti'actions 
of  a  hollow  muscular  organ,  the  Heart;  but  these,  like  the  peristaltic 
movements  of  the  alimentary  canal,  are  quite  independent  of  the  agency 
of  the  Nervous  system ;  and  are  therefore  to  be  referred  to  the  class  of 
Organic  movements,  such  as  occur  in  Vegetables.  The  rate  and  force  of 
the  Heart's  movements  are  greatly  influenced,  however,  by  conditions  of 
the  Nervous  system ;  and  these  also,  by  calling  into  play  the  contractility 
of  the  walls  of  the  Arteries,  exert  a  powerful  influence  upon  their  calibre, 
and  consequently  upon  the  distribution  of  blood  to  particular  pai'ts  and 
organs,  as  we  see  in  the  acts  of  blushing  and  erection. 

381.  Upon  the  circulation  of  the  blood  through  aU  pai'ts  of  the  fabric, 
depends  in  the  fii'st  place  the  Nutrition  of  the  tissues.  Upon  this  subject, 
formerly  involved  in  the  greatest  obscurity,  much  light  has  recently  been 
thrown  by  Microscopic  discovery ;  it  being  now  vmderstood  (as  explained 
in  the  precediiig  Chapter),  that  the  continued  growth  and  renewal  of  each 
tissue  is  effected  by  a  continuation  of  a  process  essentially  similai-  to  that 
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by  which  it  was  fii'st  developed.    The  greatest  difficulty,  in  the  present 
condition  of  our  knowledge,  is  to  comprehend  the  reason  why  such  a 
variety  of  products  should  spring  up  in  the  first  instance ;  when  the  cells 
in  which  they  all  originate,  appear  to  be  so  exactly  alike.    The  important 
discoveries  now  referred-to,  are  not  confined  to  healthy  structures ;  for  it 
has  been  ascertained,  that  diseased  gTowths  have  a  similar  origin  and 
mode  of  extension ;  and  that  the  malignant  character,  assigned  to  Cancer, 
t  Fimgus  Heematodes,  and  other  such  productions,  is  partly  connected  with 
tithe  fact,  that  they  are  composed  of  cells  which  undergo  little  metamor- 
phosis, and  retain  theii"  reproductive  power;  so  that  fi-om  a  single  cell,  as 
;  fi-om  that  of  a  Vegetable  Fungus,  a  large  structure  may  rapidly  spring 
up,  the  removal  of  which  is  by  no  means  attended  with  any  certainty  that 
it  will  not  speedily  re-appear,  from  some  germs  left  in  the  system. — The 
independent  vitality  of  the  cells  in  which  all  organized  tissues  originate, 
.  might  be  of  itself  a  satisfactory  proof  that,  in  Animals,  as  in  Plants,  the 
actions  of  Nutrition  are  effected  by  the  powers  with  which  they  are  indi- 
vidually endowed ;  and  that,  whatever  influence  the  Nervous  system  may 
have  upon  them,  its  agency  is  not  essential  to  their  performance.  More- 
over, it  is  certain  that  no  formation  of  nervous  matter  takes  place  in  the 
embryonic  structure,  until  the  processes  of  Organic  life  have  been  for 
some  time  in  active  operation.    The  influence  which  the  Nervous  System 
sis  known  to  have  upon  the  function  of  Nutrition,  is  probably  exerted  in 
vtwo  ways;  first,  through  its  power  of  regulating  the  diameter  of  the 
i;arteries  and  capillaries,  by  which  it  controls  in  some  degree  the  afflux  of 
blood;  and  secondly,  through  the  more  direct  relation  of  the  Nervous 
■  force  to  those  other  forms  of  Vital  agency,  which  manifest  themselves  in 
i  the  growth,  development,  and  maintenance  of  the  living  tissues  (§  352). 

382.  The  continual  disintegration  to  which  the  living  tissues  are 
I  subject,  from  the  various  causes  already  referred-to,  renders  it  necessary 
ibhat  a  means  should  be  provided  for  conveying ^away  the  waste,  as  well  as 
tor  supplying  the  new  material.    This  is  partly  effected  by  the  Venous 
1  :;irculation ;  which  takes  up  a  large  part  of  the  products  of  incipient 
decomposition,  and  conveys  them  to  organs  of  Excretion,  by  which  they 
inay  be  sepai'ated  and  cast  forth  from  the  body.    The  first  product  of  the 
lecay  of  all  organized  structures,  is  carbonic  acid  ;  and  this  is  the  one, 
Ahich  is  most  constantly  and  rapidly  accumulating  in  the  system,  and 
:he  retention  of  which,  therefore,  within  the  body  is  the  most  injurious. 
A.ccordingly  we  find  a  most  important  organ — the  Pulmonary  apparatus 
— adapted  to  remove  it;  and  to  this  the  whole  current  of  Venous  blood 
asses,  before  it  is  again  sent  through  the  system.    The  efficient  perfor- 
jiance  of  this  function  of  Respiration  is  so  essential  to  the  well-being  of 
varm-blooded  animals,  that  a  special  heart  is  provided  for  propelling  the 
ilood  through  their  lungs,  in  addition  to  the  one  possessed  by  most  of  the 
ower  animals,  the  function  of  which  is  the  propulsion  of  the  blood  through 
lie  system.    In  these  organs,  the  blood  is  subjected  to  the  influence  of 
he  atmosphere,  whereby  the  carbonic  acid  with  which  it  was  charged,  is 
emoved  and  replaced  by  oxygen ;  and  this  change  takes  place  through 
lie  delicate  membrane  that  lines  the  air-cells  of  the  lungs,  in  accordance 
\  ith  the  physical  law  of  the  mutual  difflision  of  gases.    The  introduction 
f  oxygen  into  the  blood  is  necessary  for  the  maintenance  of  tliose  peculiar 
ivifying  powers,  by  which  the  Nervons  and  Muscular  systems  are  kept 
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in  a  state  fit  for  activity ;  and  its  union  with  their  elements  appears  to  be 
a  necessary  condition  of  the  manifestation  of  their  peculiar  powei-s.  Of 
this  union,  carbonic  acid  is  one  of  the  chief  products ;  and  we  shall  find  tliat 
the  demand  for  oxygen,  and  the  excretion  of  carbonic  acid,  vary  accord- 
ing to  the  amount  of  nervo-muscular  action  put  forth.    The  continual 
formation  of  carbonic  acid,  in  this  and  other  interstitial  changes,  has  a 
most  important  purpose  in  the  vital  economy,  that  of  keeping  up  its  tem- 
peratiu'e  to  a  fixed  standard ;  for  the  union  of  carbon  and  oxygen  in  this 
situation  may  be  compared  to  a  process  of  slow  combustion,  and,  in  com- 
bination with  other  combustive  processes  (in  which  hydi-ogen,  sulphur, 
phosphorus,  &c.,  undergo  oxidation),  it  is  the  principal  means  of  sustaining 
the  independent  heat  ot  the  'warm-blooded'  animal.    There  is  in  the 
system  a  certain  self-adjusting  power,  whereby  the  consumption  of  the 
pabulum  provided  for  the  combustive  process  is  regulated  according  to 
the  external  temperature ;  so  that  whilst,  the  external  temperature  being 
the  same,  the  amount  of  carbonic  acid  excreted  varies  with  the  degree  of 
muscular  exertion  made  by  the  individual,  any  depression  of  the  external 
temperature,  requiring  an  augmented  production  of  heat,  occasions  an 
increased  combustiou  of  the  oxidizable  solids  of  the  body,  which  is  indi- 
cated by  an  increase  in  the  exhalation  of  carbonic  acid  from  the  lungs. — 
The  interchange  of  oxygen  and  carbonic  acid  between  the  atmosphere  and 
the  blood,  can  only  be  kept  up  by  a  continual  renewal  of  the  air  in  the 
interior  of  the  lungs,  and  of  the  blood  in  their  capillai'ies.    The  former  is 
effected  by  a  set  of  musciJur  movements  that  depend  on  the  'reflex' 
power  of  certain  nervous  centres,  and  not  on  any  exertion  of  the  will  of 
the  individual.    It  is  not  even  requisite  that  he  should  be  conscious  of 
their  performance ;  the  ordinary  power  of  the  stimulus  that  excites  the 
movement,  not  being  sufficient  to  cause  itself  to  be  felt,  unless  attention 
be  specially  directed  to  it.    But  if  the  respiratory  movements  be  suspended 
for  a  short  time,  sensations  of  distress  are  soon  experienced,  which  rapidly 
augment  with  the  continuance  of  the  suspension ;  and  no  exertion  of  the 
"will  can  any  longer  prevent  the  performance  of  the  movements  which  ai'e 
appropriate  to  relieve  them.   Thus  we  see  that  these  movements,  although 
placed  in  Man  under  the  control  of  the  Will  to  such  an  extent  as  to 
enable  him  to  regulate  them  in  the  actions  of  speech,  are  in  themselves 
quite  as  independent  of  that  will,  as  are  those  of  the  Heart,  whose  auto- 
matic power  has  been  already  alluded-to. 

383.  The  function  of  the  Liver  as  an  excreting  oi'gan  is,  like  that  of  the 
lungs,  two-fold:  it  separates  from  the  blood  a  large  quantity  of  the 
supei-fluous  hydro-carhon,  wMch  it  acquires  in  circulating  through  the 
tissues;  and  it  combines  this  with  other  elements  (§§  67-71),  into  a 
secretion,  which  is  of  gi-eat  importance  in  the  digestive  process.  The 
hepatic  cu'culation,  however,  is  not  kept  up  by  a  distinct  impelling  organ; 
but  the  venous  blood  from  tho  abdominal  viscera  (and,  in  the  lower  Ver- 
tebrata,  that  from  the  posterior  part  of  the  bodj^)  passes  through  the 
Liver  on  its  retm-n  to  the  heart. — But  further,  all  animal  substances  have 
a  tendency,  during  their  decomposition,  to  throw  off"  nitrogen,  as  well  as 
cai'bon;  and  this  nitrogen,  in  combination  with  other  elements,  forms 
those  peculiar  azotized  compounds  (§§  51-63),  which  it  is  the  special 
function  of  the  Kidney  to  eliminate  from  the  circulating  fliiid.  The 
most  characteristic  of  these  in  Man,  namely  %irea,  contains  a  larger  pro- 
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■portion  of  nitrogen  than  is  found  in  any  other  organic  compound;  and  is 
identical  in  its  chemical  nature  with  cyanate  of  ammonia.  Its  produc- 
tion seems  in  great  part  to  depend  upon  the  disintegration  of  the  muscular 
tissue ;  but  there  is  also  evidence  that  it  may  result  from  the  retrograde 
—etamorphosis  of  albuminous  or  even  of  gelatinous  matters  circulating 
"n  the  blood.  The  action  of  the  kidneys  is  equally  essential  to  the  con- 
Luued  performance  of  the  other  vital  functions,  with  that  of  the  lungs 
aid  liver;  since  death  invariably  follows  its  suspension,  unless  some  other 
means  be  provided  by  Nature  (as  occasionally  happens),  for  the  separa- 
:ion  of  its  chai'acteristic  excretion  from  the  circulating  blood. 

384.  The  various  Secretions  which  have  not  already  been  adverted-to, 
appear  for  the  most  part  to  have  for  their  object  the  performance  of  some 
special  function  in  the  system,  rather  than  the  conveyance  out  of  it  of  any 
substances  which  it  would  be  injurious  to  retain.    This  is  the  case,  for 
example,  in  regard  to  the  secretion  of  the  Lachrymal,  Salivary,  and  Mam- 
uary  Glands,  as  well  as  with  that  of  the  Mucous  and  Serous  Membranes. 
The  Excretion  of  fluid  from  the  cutaneous  surface,  however,  appears  to 
mswer  two  important  purj)0ses, — ^the  removal  from  the  body  of  a  portion 
'f  its  superfluous  fluid,  containing  products  of  decomposition, — and  the 
egulation  of  its  temperature.    Just  as,  by  the  action  of  the  Lungs,  the 
■onditions  are  supj)lied,  by  which  the  temperature  of  the  body  is  kept  up 
o  a  certain  standard,  so,  by  that  of  the  Skin,  it  is  prevented  from  rising 
00  high;  for  by  the  continual  excretion  from  its  surface,  of  fluid  which 
las  to  be  carried  ofi"  by  evaporation,  a  degree  of  cold  is  generated,  which 
:eeps  the  calorific  processes  in  check ;  and  this  excretion  is  augmented, 
11  proportion  to  the  elevation  of  the  external  temperature,  which  seems, 
Li  fact,  the  direct  stimulus  to  the  process. — In  all  forms  of  true  Secretion, 
he  selection  of  the  materials  to  be  separated  from  the  blood,  is  accom- 
)lished,  like  selective  Absorption,  by  the  agency  of  cells.    These  are 
eveloped  in  the  interior  of  the  secreting  organ;  and  when  they  are  dis- 
3nded  with  the  fluid  they  have  imbibed,  their  term  of  life  appears  to 
ave  expired,  so  that  they  burst  or  liquefy,  yielding  their  contents  to  the 
ucts,  by  which  the  secreted  product  is  conveyed  away.    In  the  case  of 
adipose  tissue,  we  have  an  instance  in  which  the  secreted  product  (sepa- 
ated  from  the  blood  by  the  cells  of  which  this  tissue  essentially  consists) 
^  not  carried  out  of  the  body,  but  remains  to  form  a  constituent  part  of 
— The  reg-ulation  of  the  amount  of  fluid  in  the  vessels,  is  provided  in  a 
ind  of  safety-valve  structure,  existing  in  the  Kidneys,  which  readily  per- 
lits  the  escape  of  aqueous  fluid  from  the  capillary  vessels,  into  the 
I'inary  canals,  by  a  process  of  physical  transudation,  which  is  altogether 
istinct  from  the  secretion  of  the  solid  matter,  which  it  is  the  office  of  the 
idneys  to  separate  from  the  cumulating  blood.    Hence,  if  the  excretion  of 
aid  from  the  skin  be  checked  by  cold,  so  that  an  accumulation  would 
ike  place  in  the  vessels,  the  increased  pressure  within  them  causes  an 
icreascd  escape  of  water  through  the  kidneys. 

38.5.  There  is  no  sufficient  reason  to  believe,  that  the  Nervous  System 
is  any  more  direct  influence  on  the  process  of  Secretion,  than  it  has  been 
ated  to  have  on  that  of  Nutrition.  That  each  glandular  organ  has  an 
idependent  action  of  its  own,  in  virtue  of  the  endowments  of  its  compo- 
3nt  cells,  can  scarcely  now  be  doubted.  Still,  daily  experience  teaches 
lat  almost  every  secretion  in  the  body  is  affected  by  states  of  mind, 
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which  must  operate  through  the  nerves;  and  this  may))e  fairly  accounted 
for  in  part  by  the  i-emarkable  influence  which  the  Nervous  system  pos- 
sesses over  the  Circulation,  but  must  also  be  in  part  attributed  to  the 
special  agency  of  the  Nervous  force  upon  the  chemical  or  vital  process  of 
Secretion  itself  The  flow  of  the  secreted  fluids  through  their  efferent 
ducts,  seems  to  be  principally  caused  by  the  proper  contractility  of  these, 
which  (like  that  of  the  heart  and  alimentary  canal)  is  directly  stimulated 
by  the  contact  of  their  contents;  but  there  is  also  evidence  that  this  con- 
tractility may  be  affected  (as  it  is  in  those  two  instances)  by  the  nei-vons 
system.  Where,  as  happens  in  the  case  of  the  urinary  excretion,  there  is 
a  reservoir  into  which  it  is  received  as  fast  as  it  is  formed,  for  the  purpose 
of  preventing  the  inconvenience  which  its  constant  passage  from  the  body 
would  otherwise  occasion,  the  power  of  emptying  this  reservoir  is  iisually 
placed  in  some  degree  under  tlie  dominion  of  the  will,  although  chiefly 
governed  by  reflex  action.  It  is  obvious  that  such  a  provision  is  by  no 
means  essential  to  the  function;  and  that  it  has  for  its  object  the  adapta- 
tion, merely,  of  that  fimction,  to  the  conditions  of  Animal  existence. 

38G.  Thus  we  see  that  when  we  enter,  as  it  were,  into  the  penetralia  of 
the  Animal  system,  and  study  those  processes  in  which  the  development 
and  maintenance  of  the  material  fabric  essentially  consist,  we  find  them 
performed  under  conditions  essentially  the  same  as  those  which  obtain  in 
Plants;  and  we  observe  that  the  operations  of  the  Nervous  System  have 
none  but  an  indirect  influence  or  control  over  them.  It  is,  therefore, 
quite  philosophical  to  distinguish  these  Organic  Functions,  or  phenomena 
of  Vegetative  Life,  from  those  concerned  in  the  Life  of  Relation,  or  Ani- 
mal Life.  The  distinction  is,  indeed,  of  great  practical  importance,  and 
lies  at  the  foundation  of  all  Physiological  Science ;  yet  it  is  seldom  accu- 
rately made,  and  a  very  confused  notion  on  the  subject  is  generally  pre- 
valent.* 

387.  The  process  of  Eeprodtcction,  like  that  of  Nutrition,  has  been  until 
recently  involved  in  great  obscm-ity ;  and  although  it  cannot  be  said  to  he 
yet  fully  elucidated,  it  has  been  brought,  by  late  investigations,  far  more 
within  our  comprehension,  than  was  formerly  deemed  possible.  The  close 
connection  between  the  Reproductive  and  Nutritive  operations,  both  as 
regards  their  respective  characters,  and  their  dependence  upon  one  another, 
has  long  been  recognised;  and  it  is  now  rendered  still  more  evident. 
Nutrition  has  not  been  unaptly  designated,  "  a  perpetual  reproduction ; " 
and  the  expression  is  strictly  correct.  In  the  ftiUy-formed  organism,  the 
supply  of  alimentary  material  to  every  part  of  the  fabric  enables  it  to  pro- 
duce a  tissue  resembling  itself;  thus  we  ordinarily  find  true  bone  produced 
only  in  continuity  with  bone,  nerve  with  nerve,  muscle  with  muscle,  and 
so  on.  Hence  it  would  appear  that,  when  a  portion  of  tissue  has  once 
taken-on  a  particular  ki7id  of  action,  it  continues  to  reproduce  itself  on 
the  same  plan.  But  in  the  developmental  process  it  is  different.  A 
single  cell  is  generated  by  certain  preliminary  actions,  from  which  cell,  all 

*  Tt  has  been  commonly  said,  for  example,  that  the  function  of  Respiration  is  the  connect- 
ing link  between  the  two  :  the  fact  being,  however,  that  the  true  process  of  Respiration  is  n" 
more  a  function  of  Animal  life,  than  is  any  ordinary  process  of  secretion  ;  but  that,  in  order 
to  secure  the  constant  interchange  of  air,  which  is  necessiiry  to  its  performance,  the  assistance 
of  the  nervous  and  muscular  systems  is  called-in,  though  not  in  a  manner  which  necessarily 
involves  either  consciousness  or  tvill. 
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» those  which  subsequently  compose  the  embiyonic  structures,  take  their 
origin;  and  it  is  not  until  a  later  period,  that  any  distinction  of  parts  can 
be  traced,  in  the  naass  of  vesicles  which  spring  from  it.    This  distinction 
becomes  more  and  more  obvious  as  development  advances;  the  form  and 
position  of  the  principal  organs  being  first  marked-out  by  peculiar  aggre- 
.gations  of  cells;  and  the  intimate  structure  of  each  being  gradually 
brought  to  the  type  which  is  charactei-istic  of  it. — Hence  we  may  state 
t  the  essential  character  of  the  function  of  Reproduction  to  consist  in  the 
j  production  of  a  cell  of  most  peculiar  endowments ;  which,  when  supplied 
vwitb  nutriment,  and  acted-on  by  warmth,  does  not  simj)ly  multiply  itself 
■•80  as  to  produce  a  mere  aggregation  of  similar  cells,  but  gives  origin  to  a 
>  succession  of  broods,  which  undergo  such  heterogeneous  transformations, 
aias  ultimately  to  evolve  an  organism  capable  of  maintaining  an  indepen- 
iJdent  existence,  in  which  the  number  of  different  parts  is  equal  to  that  of 
rithe  functions  to  be  performed,  each  separate  part  having  an  ofl&ce  distinct 
from  that  of  the  rest,  and  being  specially  adapted  to  it  alone. 

388.  But,  it  will  be  inquired,  how  and  where  in  the  Human  body  (and 
■in  the  higher  Animals  in  general)  is  this  embryonic  vesicle  produced,  and 
ii^hat  are  the  relative  ofiices  of  the  two  sexes  in  its  formation  1    This  is  a 
iquestion  which  rnust  still  be  answered  with  some  degree  of  doubt ;  and  yet 
)bbserved  phenomena,  if  explained  by  the  aid  of  analogy,  seem  to  lead  to  a 
wery  direct  conclusion.  The  embryonic  vesicle  itself,  like  other  cells,  must 
larise  from  a  germ ;  and  reasons  will  be  hereafter  given  for  the  belief,  that 
Ithis  germ  is  the  product  of  the  admixture  of  the  contents  of  the  '  sperm - 
eell '  of  the  male  with  that  of  the  '  germ-cell '  of  the  female ;  and  that  this 
ladmixture  is  requisite  for  the  regeneration  of  that  '  germinal  capacity,' 
which  is  gi-adually  expended  in  the  developmental  process.    The  opera- 
itions  immediately  concerned  in  this  function,  as  in  that  of  Nutrition, 
— namely,  the  preparation  of  the  '  sperm-cells '  and  of  the  '  germ-cells,'  the 
act  of  fecundation,  and  the  development  of  the  ovum, — are  not  dependent 
qupon  nei-vous  agency,  and  are  but  little  influenced^ by  it ;  and  the  functions 
fof  Animal  Life  are  called  into  play,  only  in  the  preliminary  and  concluding 
teteps  of  the  process.    In  many  of  the  lower  Animals,  there  is  no  sexual 
(Congress,  even  where  the  concurrent  action  of  two  sets  of  organs,  belong- 
ij"ng  to  two  separate  individuals,  is  necessary  for  the  process ;  for  the  ova 
Hre  liberated  by  one,  and  the  spermatozoa  by  the  other,  and  the  accidental 

Ineeting  of  the  two  produces  the  required  result.  In  many  Animals  higher 
n  the  scale,  the  impulse  which  brings  the  sexes  together  is  of  a  purely 
nstinctive  kind.  But  in  Man,  it  is  of  a  very  compound  nature.  The 
pstinctive  propensity,  unless  unduly  strong,  is  controlled  and  guided  by 
he  will,  and  serves  (like  the  feelings  of  hunger  and  thii'st)  as  a  stimulus 
»  the  reasoning  processes,  by  which  the  means  of  gratifying  it  are 
)btained;  and  a  moral  sentiment  or  affection  of  a  much  higher  kind  is 
jlosely  connected  with  it,  which  acts  as  an  additional  incitement.  Those 
novements,  however,  which  are  most  closely  connected  with  the  essential 
Dart  of  the  process,  are,  like  those  of  deglutition,  respu-ation,  &g.,  simply 
keflex  and  involuntaiy  in  their  character ;  and  thus  we  have  another  proof 
Sf  the  constancy  of  the  principle,  that,  where  the  action  of  the  ajjparatus 
)f  Animal  Life  is  brought  into  near  connection  with  the  Organic  func- 
Hons,  it  is  not  such  as  requires  the  operation  of  the  purely  animal  powers, 
— sensation  and  volition.    Thus,  then,  as  it  has  been  lucidly  remarked, 
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"the  Nervous  Sj^stem  lives  and  grows  within  an  Animal,  as  a  parasitic 
Plant  does  in  a  Vegetable ;  with  its  life  and  gi-owth,  certain  sensations 
and  mental  acts,  varying  in  the  different  classes  of  Animals,  are  connected 
by  nature  in  a  manner  altogether  inscrutable  to  man;  but  the  objects  of 
the  existence  of  Animals  require,  that  these  mental  acts  should  exert  a 
powerful  controlling  influence  over  all  the  textures  and  organs  of  which 
they  are  composed." 

3.  Functions  of  Animal  Life. 

389.  The  existence  of  consciousness,  by  which  the  individual  {le  moi,  in 
the  language  of  French  physiologists)  becomes  sensible  of  impressions 
made  upon  its  bodily  strxicture, — and  the  power  of  spontaneously  exciting 
contractions  in  its  tissues,  by  which  evident  motions  are  produced, — ai"e 
to  be  regarded  as  the  characteristic  attributes  of  the  beings  composing  the 
Animal  kingdom ;  although  their  possession  by  many  of  the  tribes  which 
seem  to  have  their  most  appropriate  place  in  that  kingdom,  is,  to  say  the 
least,  extremely  doubtful.*  Of  the  movements  exhibited  by  Animals, 
there  are  many  which  are  no  more  to  be  regarded  as  indications  of  con- 
sciousness, than  are  those  executed  by  certain  plants;  being  simply  the 
expressions  or  manifestations  of  a  peculiar  kind  of  vital  force  in  the  tissues, 
by  whose  instmmeutality  they  are  jjerformed.  Such  movements,  in  the 
lowest  tribes,  probably  bear  a  much  greater  proportion  to  the  whole 
amount  of  those  exhibited  by  the  beings,  than  they  do  in  the  higher; 
whilst  those  which  we  may  regard  as  specially  dependent  on  a  nervous 
system,  appear  to  constitute  but  a  small  pai-t  of  their  general  vital  actions. 
The  life  of  such  beings,  therefore,  bears  a  much  closer  resemblance  to  that 
of  the  Vegetable,  thau  to  that  of  the  higher  Animal.  Their  organic  fimc- 
tions  are  performed  with  scarcely  more  of  sensible  movement,  than  is 
seen  in  plants ;  and  of  the  motions  which  they  do  exhibit  (nearly  all  of 
them  immediately  concerned  in  the  maintenance  of  the  organic  functions), 
it  is  probable  that  many  are  the  result  of  the  simple  contractility  of  their 
tissues,  called  into  action  by  the  stimuli  directly  applied  to  them.  It  is 
scai'cely  possible  to  imagine  that  such  beings  can  enjoy  any  of  those 
higher  mental  powers,  which  Man  recognises  by  obervation  on  himself, 
and  of  w^hich  he  discerns  the  manifestations  in  those  tribes,  which,  from 
their  nearer  relation  to  himself,  he  regards  as  more  elevated  in  the  scale 
of  existence. — If  we  direct  our  attention,  on  the  other  hand,  to  the  psy- 
chical t  operations  of  Man,  as  forming  part  of  his  general  vital  actions, 
we  perceive  that  the  proportion  is  completely  reversed.  So  far  fi'om  his 
Organic  life  exhibiting  a  predominance,  it  appears  entirely  subordinate  to 
his  Animal  functions,  and  seems  destined  only  to  afford  the  conditions  for 
their  performance.  If  we  could  imagine  his  nervo-muscular  apparatus  to  be 
isolated  from  the  remainder  of  his  corporeal  structure,  and  to  be  endowed  in 
itself  with  the  power  of  maintaining  its  integrity,  we  should  have  all  that 
is  essential  to  our  idea  of  Man.  But,  as  at  present  constituted,  this  ap- 
paratus is  dependent,  for  the  conditions  of  its  functional  activity,  upon  the 

*  See  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  chap.  V. 

t  Here  and  elsewhere  this  term  will  be  employed  in  its  most  extended  sense,  to  designate 
all  the  mental  operations, — whether  intellectual,  emotional,  or  instinctive, — of  which  Man  s 
nervous  system  is  the  instrument. 
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nutritive  apparatus;  and  the  whole  object  of  the  latter  appears  to  be  the 
supply  of  those  conditions.  That  his  mental  activity  should  be  thus 
made  dependent  upon  the  due  supply  of  his  bodily  wants,  is  a  part  of  the 
general  scheme  of  his  probationary  existence;  and  the  first  excitement 
of  his  intellectual  powers  is  in  a  great  degree  dependent  upon  this 
iUTangement, 

o90.  The  ministration  of  the  Nervous  System  to  purely  Animal  life, 
obviously  consists  in  its  rendering  the  mind  cognizant  of  that  which  is 
taking  place  around,  and  in  enabling  it  to  act  upon  the  material  world, 
.  by  the  instruments  with  which  the  body  is  provided  for  the  purpose.  It 
is  important  to  observe,  that  every  method  at  present  certainly  known, 
by  which  Mind  can  communicate  with  Mind,  involves  in  the  first  place,  a 
generation  of  nervous  force,  which  excites  muscular  contraction ;  secondly, 
a  physical  change  determined  by  that  contraction,  the  medium  of  which 
may  be  sound,  light,  or  motion;  and  thirdly,  the  operation  of  this  phy- 
sical change  as  an  'impression'  upon  the  sensory  nerves,  and  through 
them  upon  the  sensorial  ganglia,  of  the  other  party.  Such  is  the  case, 
for  example,  not  only  in  that  communication  which  takes  place  by  lan- 
guage, whether  written  or  spoken ;  but  in  the  look,  the  touch,  the  gesture, 
which  are  so  frequently  more  expressive  than  any  words  can  be;  and 
thus  we  see  that  our  interchange  of  ideas  and  emotions  which  are  most 
purely  j^sychical  in  their  nature,  can  only  be  accomplished  tlirough  the 
intermediation  of  physical  forces.  That  imperfections  in  such  communi- 
cation are  thus  involved  in  the  veiy  nature  of  our  present  condition,  and 
that  all  the  higher  operations  of  the  mind  are  trammelled  and  restricted 
by  the  limited  powers  of  its  corporeal  instrament,  is  a  matter  of  constant 
and  indubitable  experience.  On  the  other  hand,  that  in  a  future  state  of 
being,  the  communion  of  mind  with  mind  will  be  more  intimate,  and 
that  Man  will  be  admitted  into  more  immediate  converse  with  the 
Supreme  Intelligence,  appears  to  be  alike  the  teaching  of  the  most  com- 
prehensive Philosophical  inquiries,  and  of  the  -most  direct  Revelation  of 
the  Divinity. 

391.  The  Organs  of  Sense  are  instruments,  which  are  adapted  to 
enable  particular  nerves  to  receive  impressions  fi'om  without ;  of  a  kind, 
and  in  a  degree,  of  which  they  would  not  otherwise  be  sensible.  Thus' 
although  the  simple  mechanical  impression  produced  by  contact  of  a 
hard  body,  produces  such  a  change  in  it,  as,  being  propagated  to  the 
central  sensorium,  excites  sensation  there,  it  is  evident  that  a  nerve  must 
be  peculiarly  modified  at  its  peripheral  expansion  to  receive  its  impres- 
sions from  the  undulations  of  the  air;  still  more,  to  be  susceptible  of 
the  impressions  produced  by  those  undidations  to  which  most  Natural 
\  Philosophers  now  attribute  the  transmission  of  light.  And,  even  when 
t  this  has  been  provided  for,  by  some  modification  in  the  structure  or 
arrangements  of  the  nerve-fibres  themselves,  or  of  the  vesicular  matter  in 
connection  with  them,  a  further  provision  is  still  required  for  giving  to 
the  mind  a  distinct  consciousness  of  external  objects  in  all  their  variety 
of  shapes,  colours,  lights  and  shadows,  &c. ;  or  'for  enabling  it  to '  form 
ideas  of  the  direction,  pitch,  quality,  &c.,  of  sonorous  midulations 
ihere  is  reason  to  beheve  that  many  among  the  lower  Animals  which 
cannot  see  objects  around  them,  are  conscious  of  the  influence  of  light  • 
and  thus  the  distinction  between  the  mere  reception  of  the  impression  and 
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the  excitement  of  a  visual  perception,  becomes  evident.  The  former  may 
take  place  through  the  intervention  of  nerves,  whose  sensoiy  extremities 
offer  no  extraordinary  peculiarities :  the  latter  can  only  be  received  through 
the  medium  of  an  instrument,  which  shall,  from  the  mixtui'e  of  rays 
falling  equally  upon  every  part  of  its  surface,  produce  an  optical  image, 
and  then  impress  it  upon  the  expanded  surface  of  the  nerve;  so  that, 
each  fibril  receiving  a  distinct  impression,  the  mind  may  form  its  picture 
by  the  combination  of  the  whole.  That  this  is,  in  fact,  the  share  which 
the  organs  of  Special  Sense  bear  in  the  general  endowments  of  the 
whole  apparatus,  may  be  inferred  especially  from  the  conformation  of  the 
Eye ;  which  is  in  eveiy  respect  a  merely  optical  instrument,  of  the  gi*eat- 
est  beauty  and  perfection,  adapted  to  form  upon  the  retina,  in  the  most 
advantageous  manner,  the  images  of  surrounding  objects  in  all  their 
variations.  There  can  be  little  doubt,  that  the  structure  of  the  Ear  is 
arranged  to  do  the  same  for  the  sonorous  vibrations,  which  the  e3'-e  does 
for  the  rays  of  light ;  that  is,  through  its  means,  the  undulations  which 
strike  upon  the  external  surface  of  the  organ  are  separated  and  distin- 
guished, those  of  a  like  kind  being  brought  together  ujion  one  division  of 
the  nerve,  and  those  of  another  order  upon  a  different  set  of  fibres;  so 
that  the  different  kinds  of  sound,  and  the  peculiar  quality  and  direction 
of  each,  may  be  discriminated ;  whilst,  by  the  concentration  of  all  the 
impressions  of  the  same  character,  a  higher  amount  of  force  is  given  to 
them.  The  apparatus  which  ministers,  however,  to  the  sense  of  Smell,  is 
far  less  complete  in  its  endowments ;  for  it  serves  only,  in  Man  at  least, 
for  the  discrimination  of  odorous  emanations,  and  affords  no  guidance 
with  regard  either  to  their  direction  or  their  source.  In  fact,  the  kind  of 
information  which  Man  receives  through  this  sense,  seems  very  much 
akin  to  tliat  which  the  lowest  animals  possessing  visual  organs  can 
derive  from  their  employment.  Still  a  special  oi'gan  of  sense  is  required, 
to  enable  the  olfactive  nerve  to  be  impressed  by  the  peculiar  agency  of 
odorous  emanations;  which,  whatever  be  its  nature,  has  no  operation 
upon  ordinary  sensory  surfaces.  It  is  not  a  little  remai'kable,  that  the 
speciality  of  organization  of  the  nerves  of  Sight,  Hearing,  and  Smell, 
renders  them  incaj)able  of  receiving  ordinary  mechanical  impressions;  so 
that  the  contact  of  solid  substances  with  the  sensory  surfaces  which  they 
supply  is  not  felt,  except  through  the  instrumentality  of  other  nerves; 
and  no  irritation  of  their  trunks,  mechanical  or  othei'wise,  gives  rise  to 
feelings  of  pain.  The  sense  of  Taste,  however,  though  special  in  regard 
to  the  peculiarity  of  the  impressions  which  its  organ  is  adapted  to  receive, 
is  closely  akin  to  that  of  Touch  in  the  conditions  under  which  it  is 
exercised ;  the  absolute  contact  of  the  sapid  substance  with  the  sensory 
surface  being  requisite ;  and  the  papillary  organs  in  which  the  gustative 
nerves  may  be  said  to  originate,  being  essentially  the  same  in  structure 
with  those  of  ordinary  tactile  sm-faces. 

392.  The  Brain  and  Spinal  Cord  of  Man,  in  which  by  far  the  greater 
part  of  the  afferent  nerves  terminate,  and  from  which  nearly  aU  the 
motor  nerves  arise,  may  be  considered  as  made  up  of  an  aggregation  of  a 
number  of  distinct  ganglionic  centres,  each  of  which  has  its  own  special 
endowments,  and  is  connected  with  nervous  tnmks  of  its  own. — Com- 
mencing with  the  Spinal  Cord,  we  find,  on  comparing  it  with  the  gan- 
gliated  column  of  Articulated  animals,  that  it  really  consists  of  a  series 
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of  ganglia  disposed  in  a  longitudinal  line,  which  have  coalesced  with  each 
other;  each  ganglion  being  the  centre  of  the  'nervous  circle'  ^jroper  to 
one  vertebral  segment  of  the  trunk.  Throughout  the  entire  series,  we 
find  no  other  endowment  than  that  of  reacting  upon  an  excitant ;  this 
excitant  being  either  conveyed  by  the  afferent  nerve-trunks,  or  trans- 
mitted downwards  from  the  higher  parts  of  the  nervous  system.  No 
impression  which  is  limited  to  this  series  of  ganglia,  excites  any  sensorial 
change ;  so  that  we  may  consider  the  Spinal  Cord  as  the  special  instru- 
ment of  the  'excito-motor'  division  of  the  functions  of  the  nervous 
system.  The  ordinary  Spinal  nerves  are  distributed  to  the  sensory 
sm-faces  and  to  the  muscular  apparatus  of  the  body  generally;  but  at 
the  summit  of  the  Cord  we  find  a  peculiar  set  of  ganglionic  centres, 
included  in  that  part  which  is  distinguished  as  the  Medulla  Oblongata, 
whose  nerves  are  distributed  to  the  organs  of  Respiration,  Deglutition, 
.  &c.,  and  whose  function  consists  in  sustaining  the  muscular  movements 
V  whose  performance  is  essential  to  the  continuance  of  these  functions. 
The  movements  in  question  are  purely  reflex;  and  there  is  no  other 
reason  for  distinguishing  the  endowments  of  the  Medulla  Oblongata  from 
those  of  the  Spinal  Cord,  save  that  which  arises  out  of  the  speciality  of 
the  purposes  to  which  the  movements  are  subservient. — At  the  summit 
of  the  Spinal  Cord,  and  partly  lodged  in  the  substance  of  the  Medulla 
Oblongata,  we  find  the  series  of  Sensory  Ganglia,  which  may  in  their 
totality  be  considered  as  making  up  the  Sensorium.  This  includes  the 
centres  to  which  proceed  the  nerves  of  'special  sense;'  and  we  may  pro- 
'  bably  rank  with  it  a  pair  of  ganglionic  masses  (the  'thalami  optici'), 
:  towards  which  certain  afferent  fibres  of  the  spinal  trunks  appear  trace- 

I  able,  that  do  not  find  their  ganglionic  centre  in  the  spinal  gaugha,  but  seem 
to  pass  upwards  to  the  sensorium,  that  they  may  there  excite  sensational 

.  changes  of  the  'common'  or  tactile  kind.  From  these  Sensory  Ganglia, 
»  we  do  not  find  any  motor  trunks  ostensibly  originating ;  but  fibres  pass 
;  downwards  from  them  into  the  Spinal  cord,  which  either  directly  enter 
;  its  efferent  nerve-trunks,  or  which  serve  to  excite  to  action  the  ganglia 
!  from  which  those  trunks  arise;  so  that  'reflex'  actions  are  performed  by 

II  the  instrumentality  of  the  sensorial  ganglia,  which,  however,  differ  from 
1  those  of  the  spinal  cord,  in  requuing  Sensation  as  a  necessary  link  in  the 

series  of  changes.  The  Sensory  ganglia  are,  therefore,  the  centres  of  the 
consensual  or  sensori-motor  actions. — The  whole  of  this  series  of  gan- 
glionic centres  constitutes  the  purely  automatic  portion  of  the  Nervous 
system,  whose  operations,  when  not  interfered-with  by  the  Cerebrum, 
are,  like  those  of  Insects  (whose  entire  nervous  system  corresponds  with 
the  automatic  portion  of  that  of  Man),  entirely  instinctive.  And  their 
independent  action  seems  to  be  the  source,  not  merely  of  all  those  move- 
ments which  are  originally  instinctive,  but  of  many  others  which  come 
^hy  habit  to  be  performed  involuntarily  when  the  attention  is  otherwise 
I  engaged;  these  have  been  termed  'secondarily  automatic' 

393.  But  in  Man,  as  in  all  other  animals  possessed  of  Intelligence,  by 
which  the  WiU  is  animated  and  directed,  we  find  a  superadded  oro-an  'the 
Cerebrum,  which  is  not  itself  the  centre  of  either  sensory  or'  motor 
nerves,  but  which  derives  from  the  automatic  apj^aratus  just  described 
all  its  stimulus  to  action,  and  employs  it  as  its  instrument  of  operation 
on  the  muscular  system.    The  functions  of  this  organ,  which  are  purely 
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mental,  are  first  excited  by  the  beusatious  called  forth  in  the  Sensory 
ganglia,  which,  being  conveyed  to  the  cei-ebrum,  give  rise  through  its 
instrumentality  to  Ideas;  and  these  may  become  the  subject  of  Reasoning 
processes,  which  react  on  the  body  by  an  exertion  of  the  Will.  Although 
it  has  been  customary  to  regard  the  Will  as  directly  operating  on  the 
muscular  system,  yet  we  shall  hereafter  find  reason  to  consider  it  as 
exerting  its  power  through  the  medium  of  the  Automatic  apparatus,  to 
which  its  determinations  are  transmitted,  and  by  which  they  ai-e  carried 
into  execution.  But  ideas  with  which  the  feelings  of  pleasure  or  pain 
are  associated,  constitute  Emotions;  and  these,  if  strongly  excited,  may 
act  dowuAvards  upon  the  muscles  through  the  medium  of  the  automatic 
apparatus,  quite  independently  of  the  will,  and  even  in  opposition  to  it. 
And  there  are  certain  pecuHar  states  of  the  mind,  in  which  the  power  ,  of 
the  Will  is  completely  suspended,  and  in  which  Ideas  alone  seem  capable 
of  exciting  movements.  Thus  the  Cerebral  ganglia  are  the  instruments 
of  two  kinds  of  action  that  may  be  considered  essentially  '  reflex,'  as  being 
executed  in  respondence  to  external  impressions,  without  any  volitional 
or  purposive  dii-ection;  these  impressions  either  acting  simply  through 
ideas,  and  thus  producing  ideo-moior  actions,  or  through  ideas  with  which 
feelings  are  associated,  and  thus  producing  emotional  movements. 

394.  Another  division  of  the  Nervous  System  appears  to  have  for  its 
object  to  combine  and  harmonize  certain  muscular  movements  imme- 
diately connected  with  the  maintenance  of  Organic  Ufe;  and  to  bring 
these  into  relation  with  certain  conditions  of  the  mind.  There  is 
furtlier  reason  to  believe  that  it  also  influences,  and  brings  into  connec- 
tion with  each  other,  the  processes  of  Nutrition,  Secretion,  &c. ;  though 
these,  like  the  muscular  movements  just  mentioned,  are  essentially  inde- 
pendent of  it. — This  portion  of  the  nervous  apparatus  is  commonly  known 
under  the  name  of  the  Symjyathetic  system;  it  has  a  set  of  ganghonic 
centres  and  nerves  of  its  own ;  but  it  is  also  intimately  blended  Avith  the 
Cerebro-spinal  system,  receiving  fibres  from  it,  and  also  sending  fibres 
into  it. 

395.  With  reference  to  that  class  of  operations  of  which  the  Cerebrum 
is  the  instrument,  it  is  well  here  to  explain  that,  though  the  Physiologist 
speaks  of  the  intellectual  powers,  moral  feelings,  &c.,  as  functions  of  the 
Nervous  System,  they  are  not  so  in  the  sense  in  which  the  tern  is 
employed  in  regard  to  other  operations  of  the  bodily  frame.  In  general, 
by  the  function  of  an  organ,  we  understand  some  change  which  may 
be  made  evident  to  the  senses,  as  well  in  our  own  system,  as  in  the  body 
of  another.  Sensation,  Thought,  Emotion,  and  Volition,  however,  ai'e 
changes  imperceptible  to  our  senses  by  any  means  of  observation  we  at 
present  possess.  We  are  cognizant  of  them  in  oui'selves,  without  the 
intervention  of  those  processes  by  which  we  observe  material  changes 
external  to  our  minds;  but  we  judge  of  them  in  others,  only  by  infer- 
ences founded  on  the  actions  to  which  they  give  rise,  when  compai-ea 
with  our  OAvn.  Wlien  we  speak  of  sensation,  thought,  emotion,  or  voh- 
tion,  therefore,  as  functions  of  the  Nervous  System,  we  mean  only  that 
this  system  fiiruishes  the  conditions  under  which  they  exist  in  the 
living  body ;  and  we  leave  the  question  entirely  open,  whether  the  ^vx'' 
has  or  has  not  an  existence  independent  of  that  of  the  material  organism, 
by  which  it  operates  in  Man,  as  he  is  at  present  constituted. 
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CHAPTEK  VII. 

OF   FOOD,  AND   THE  DIGESTIVE  PROCESS. 

1.  Of  Food,  its  Nature  and  Destination. 

396.  The  substances  which  are  required  by  Animals  for  the  develop- 
ment and  maintenance  of  their  fabric,  are  of  two  kinds ; — the  Organic 
and  the  Inorganic.  The  Organic  alone  are  commonly  reckoned  as 
aliments ;  but  the  latter  are  really  not  less  requisite  for  the  sustenance  of 
the  body,  which  speedily  disintegrates,  if  the  attempt  be  made  to  support 
it  upon  any  organic  compounds  in  a  state  of  purity.  In  all  ordinary 
articles  of  diet,  however,  the  Inorganic  matters  are  present  in  the  requi- 
site pro]3ortion;  and  hence  they  have  very  commonly  escaped  notice. 
The  nature  of  these  substances,  and  the  mode  in  which  they  are  intro- 
duced into  the  body,  have  been  already  treated-of  (chap.  ii.  sect.  6). 

397.  The  Organic  compounds  usually  employed  as  food  by  Man,  are 
partly  derived  from  the  Animal,  and  partly  from  the  Vegetable  kingdom; 
and  they  may  be  conveniently  arranged  under  the  four  following  heads :  * 
— 1.  The  Saccharine  gToup,  including  all  those  substances,  derived  from 
the  Vegetable  kingdom,  which  are  analogous  in  their  composition  to 
Sugar ;  consisting  of  oxygen,  hydrogen,  and  carbon  alone ;  and  having 
the  first  two  present  in  the  proportions  to  form  water.  To  this  group 
belong  starch,  gum,  woody  fibre,  and  the  cellulose  of  Plants,  which 
closely  resemble  each  other  in  the  proportion  of  their  elements,  and 
which  may  be  converted  into  Sugar  by  chemical  processes  of  a  simple 
kind ;  whilst  Alcohol,  which  is  derived  from  SiTgar  by  the  process  of  fer- 
mentation, has  a  composition  which  rather  connects  it  with  the  next  group. 
— 2.  The  Oleaginous  group,  including  oily  matters,  whether  derived  from 
the  Vegetable  kingdom,  or  from  the  fatty  portions  of  Animal  bodies. 
The  characteristic  of  this  class  lies  in  the  great  predominance  of  hydro- 
gen and  carbon,  the  small  proportion  of  oxygen,  and  the  entire  absence 
of  nitrogen. — 3.  The  Albuminous  group,  comprising  all  those  substances, 
whether  derived  ft-om  the  Animal  or  the  Vegetable  kingdom,  which  are 
closely  allied  to  Albumen,  and  through  it  to  the  Animal  tissues  generally 
(§  20),  in  then-  chemical  composition.  In  this  group,  a  large  proportion 
of  azote  is  united  with  the  oxygen,  hydrogen,  and  carbon  of  the  pre- 
ceding.— 4.  The  Gelatinous  group,  consisting  of  substances  derived  from 
Animal  bodies  only,  which  ai-e  closely  allied  to  Gelatin  in  their  compo- 
sition. These  also  contain  azote ;  but  the  proportion  of  their  components 
differs  from  that  of  the  preceding. — There  are  many  other  substances, 
however,  which,  though  tndy  alimentary,  and  consumed  to  a  consider- 
able amount,  cannot  be  legitimately  placed  under  either  of  the  above 
heads ;  such  are,  for  example,  the  Vegetable  Acids. 

•  Dr.  Prout's  classification  of  alimentary  substances  is  here  adopted,  with  a  sliglit  modifi- 
cation ;  not  as  being  altogether  unexceptionable,  but  as  being,  in  the  Author's  opinion  the 
most  convenient  hitherto  proposed. 
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398.  The  compounds  of  the  Saccharine  group  cannot,  without  uudei- 
going  metamorphosis,  form  part  of  any  Animal  tissue ;  as  there  is  none 
which  they  at  all  resemble  in  composition.  It  has  been  shown,  however, 
that  they  are  convertible,  within  the  animal  body,  into  those  of  the 
Oleaffinons  group  (§  40),  and  may  th\is,  like  the  latter,  be  applied  to  the 
formation  of  the  Adipose  and  Nervous  tissues. — But  the  amount  of  these 
substances  which  is  thus  employed,  is  a  very  small  part  of  that  which  is 
ordinarily  introduced  as  food;  and  by  far  the  larger  proportion  of  them 
is  made  subservient  to  the  maintenance  of  the  Heat  of  the  body  by  the 
combustive  process.  The  Sugar  which  is  taken-in  as  such,  being  dis- 
solved and  absorbed  into  the  current  of  the  circulation,  appears  to 
undergo  a  speedy  metamorphosis  into  lactic  acid,  which  is  the  form  under 
which  it  is  finally  oxidized  and  burned-off  (§  49) ;  and  Stai-ch  is  made 
capable  of  undergoing  the  same  change,  by  being  first  converted  into 
Sugar  dm-ing  the  digestive  process.  Oleaginous  matters  do  not  seem  to 
undergo  any  change  preliminary  to  their  oxidation,  save  their  reduction 
to  a  state  of  very  fine  division. — We  shall  presently  see  (§  401)  that  a 
very  considerable  difference  exists  between  the  Saccharine  and  Oleaginous 
matters,  in  regard  to  their  relative  calorifying  powers. — That  none  of 
these  non-azotized  substances  can  be  made  capable,  by  metamoi-phosis 
or  combination  within  the  Animal  body,  of  taking  the  place  of  the 
azotized  substances  as  'histogenetic'  or  'jjlastic'  compounds,  may  now  be 
regarded  as  one  of  the  most  certain  facts  in  Physiology ;  the  concurrent 
evidence  of  experiment  and  observation  leading  to  the  conclusion,  that 
in  Plants  alone  can  any  production  of  azotized  compounds  take  place, 
and  that  Animals  are  in  consequence  dii'ectly  or  indirectly  dependent 
upon  the  Vegetable  kingdom  for  their  means  of  subsistence.  If  animals 
be  fed  exclusively  upon  Saccharine  or  Oleaginous  substances,  of  any 
kind  or  in  any  combination  whatever,  they  speedily  perish  with  symp- 
toms of  Inanition;  and  the  only  assistance  which  such  food  affords  in 
the  prolongation  of  life,  is  derived  from  its  calorific  power  (§  375). 

399.  The  application  of  the  substances  forming  the  Alhinninom 
group,  to  the  support  of  the  Animal  body,  by  affording  the  materials  for 
the  nutrition  and  re-formation  of  its  tissues,  and  also  for  the  maintenance 
of  its  heat,  has  been  already  sufficiently  considered  (chap.  ii).  The  pro- 
portions of  carbon,  hydrogen,  oxygen,  and  nitrogen,  of  which  all  these 
substances  are  composed,  appear  to  be  identical ;  and  they  are  all  capable 
of  being  reduced  by  the  digestive  process  to  the  condition  of  albumen. 
Hence  it  is  a  matter  of  little  consequence,  except  as  regards  the  propor- 
tions of  inorganic  matters  with  which  they  may  be  respectively  tmited, 
whether  we  draw  our  histogenetic  materials  from  the  flesh  of  animals, 
from  the  white  of  egg  (albumen),  from  the  curd  of  milk  (casein),  fi-om 
the  grain  of  wheat  (gluten),  or  from  the  seed  of  the  pea  (legurain). 
Neither  of  these  substances,  however,  can  long  sustain  life  when  it  is 
used  by  itself ;  for  it  has  been  experimentally  ascertained  that  by  bemg 
made  to  feed  constantly  on  the  same  substance, — boiled  white  of  egg,  for 
instance,  or  meat  deprived  of  the  principle  (osmazome)  that  gives  it 
flavour, — an  animal  may  be  effectually  starved;  its  disgust  at  such  food 
being  such,  that  even  if  this  be  swallowed,  it  is  not  digested.*  The 

*  It  is  very  interesting  to  remark  (with  Dr.  Prout)  that,  in  the  only  instance  in  which 
Nature  has  provided  a  single  article  of  food  for  the  support  of  the  animal  body,  she  has 
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organized  fabric  of  Animals  coutaius,  as  we  have  seen,  a  large  quantity  of 
Gelatin.  It  seems  certain  that  this  substance  may  be  produced  out  of 
fibrin  and  albumen  ;  since  in  animals  that  are  supported  on  these  alone, 
the  nutrition  of  the  gelatinous  tissues  does  not  seem  to  be  impaired.  But 
it  has  been  commonly  supposed  that  gelatin  taken-in  as  food  may  serve  for 
the  growth  and  maintenance  of  these  tissues ;  even  though  it  may  be  in- 
capable of  conversion  to  the  albuminous  type.  It  is  very  doubtful,  how- 
ever, whether  Gelatin  can  render  even  this  service.  For  all  our  knowledge 
of  the  history  of  the  development  of  the  Gelatinous  tissues  would  lead  us 
to  regard  them  as  secondary  products,  which  take  their  origin  in  a  fibrinous 
blastema,  and  can  only  be  generated  by  the  metamorphosis  of  protein- 
compounds  (§§  28,  29,  222,  223).  If  these  views  be  correct,  it  follows 
that  the  alimentary  value  of  gelatin  must  be  limited  to  its  calorific 
power ;  its  hydi-ocarbon  being  separated  from  its  highly-azotized  portion, 
and  the  former  being  oxidized  and  eliminated  through  the  lungs,  whilst 
the  latter  wiU  pass-ofi"  by  the  kidneys.  And  this  view  is  confirmed  by 
the  obseiwations  of  Frerichs  on  the  result  of  the  ingestion  of  large  quan- 
tities of  pure  gelatin ;  this  being  a  marked  increase  in  the  proportion  of 
urea  in  the  urine,  with  an  elevation  of  its  specific  gi'avity  from  1018  to 
1030  or  even  1034.  Neither  Leucine  nor  Glycine  could  be  detected  in 
the  fluid;  so  that  Gelatin  seems  to  be  subjected  to  the  same  metamor- 
phosis that  the  protein-compounds  undergo  when  they  are  taken  in 
excess.'^ — That  Gelatin  cannot  take  the  place  of  the  albuminous  com- 
pounds, has  been  fully  demonstrated  by  the  inquiries  of  the  Commissions 
which  have  been  appointed  to  investigate  the  subject  in  Paris  and  Am- 
sterdam, t  In  so  far,  therefore,  as  the  only  azotized  principles  contained 
in  soups,  broths,  &c.,  are  of  the  gelatinous  character,  we  must  account 
these  preparations  as  destitute  of  the  power  of  nourishing  the  body;  and 
the  peculiar  nutritive  value  which  experience  shows  that  such  prepara- 
tions possess  in  certain  states  of  the  system,  must  be  attributed  to  the 
albuminous  matters  which  they  hold  in  solution,  and  to  the  readiness 
with  which  theii-  gelatinous  constituents  are  absorbed  and  applied  (by  the 
decomposition  just  explained)  to  the  purpose  of  calorification.:}: 

400.  The  substances  which  cannot  be  arranged  under  either  of  the 
preceding  gi-oups,  are,  for  the  most  part,  of  the  non-azotized  class ;  and, 
as  they  mostly  consist  of  compounds  in  which  the  hydrogen  and  carbon 
are  not  combined  with  their  fiill  equivalents  of  oxygen,  they  are  made 

mingled  articles  from  the  first  three  of  the  preceding  groups.  This  is  the  case  in  Milk,  which 
contains  a  considerable  quantity  of  an  albuminous  substance,  casein,  which  forms  its  curd  ;  a 
good  deal  of  o%  matter,  the  butter ;  and  no  inconsiderable  amount  of  sugar,  which  is  dissolved 
in  the  whey.  The  proportions  of  these  vary  in  different  Mammalia ;  and  they  depend  in  part 
upon  the  nature  of  the  food  supplied  to  the  Animal  that  forms  the  milk ;  but  the  substances 
are  thus  combined  in  every  instance. 

•  See  Frerichs'  article  Verdauung  in  "  Wagner's  Handworterbuch." — The  Author  is 
indebted  to  Dr.  Gull  for  directing  his  attention  to  this  view  of  the  incapacity  of  Gelatin  for 
any  histogenetic  purpose. 

t  See  the  Report  of  the  French  '  Gelatin  Commission,'  in  the  "  Compt.  Rend."  Aout 
1841 ;  and  that  of  the  Amsterdam  Commission  in  "  Het  Instituut,"  No.  2,  1843  and' 
"Gazette  Medicale,"  Mars  16,  1844.  ' 

X  The  common  notion  of  the  great  nutritive  value  of  soups,  &c.,  whose  supposed  '  strength' 
IS  mdicatcd  by  the  firmness  with  which  tliey  gelatinize  on  cooling,  is  one  of  those  popular 
dietetic  prejudices,  of  which  it  is  peculiarly  incumbent  on  the  Medical  Profession  to  disabuse 
their  patients. 
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to  conti'ibute  to  the  calorifying  process  by  undergoing  oxidation  within 
the  system,  so  as  to  be  excreted  in  the  form  of  carbonic  acid  and 
water. 

401.  By  rules  based  on  the  foregoing  data,  then,  we  may  estimate  the 
relative  value  of  different  articles  of  food  for  the  two  distinct  purposes  of 
tissue-formation  and  the  production  of  heat.  For  the  proportion  of 
albuminous  matter  which  any  substance  may  contain,  fm'nishes  the 
measm-e  of  its  histogenetic  value;  whilst  the  proportion  of  hydi'o-carbou 
uncombined  with  oxygen  affords  the  means  of  estimating  its  calorific 
power  when  oxidized.  As  in  almost  every  alimentary  substance,  w^hether 
•vegetable  or  animal,  the  two  classes  of  compounds  are  mingled,  the  per- 
centage of  Nitrogen  which  it  may  contain  affords  a  tolerably  coiTect 
measure  of  the  amoimt  of  albuminous  matter  which  it  includes,  and 
therefore  of  its  histogenetic  value  :  where,  on  the  other  hand,  the  per- 
centage of  Nitrogen  is  the  smallest,  that  of  Hydro-cai-bon  is  the  largest, 
and  the  proportion  of  the  combustive  material  is  the  highest.  The  fol- 
lowing Table*  specifies  this  proportion  in  the  case  of  various  articles 
used  as  food;  Human  Milk  being  taken  as  the  standard  of  comparison, 
and  the  quantity  of  Nitrogen  it  contains  being  expressed  by  100.  It 
must  be  borne  in  mind,  however,  that  this  substance  is  intended  for  the 
nom^ishment  of  a  being,  that  passes  nearly  the  whole  of  its  time  in  a 
quiescent  state ;  and  must  not  be  supposed  to  be  adapted  for  the  sole 
maintenance  of  the  Human  body  in  a  state  of  activity.  In  fact,  it  is 
inferior  in  its  proportion  of  Casein  (the  substance  of  which  alone  the 
azote  forms  a  pai-t)  to  the  milk  of  most,  if  not  all,  other  Mammalia; 
their  yoimg  bringing  their  animal  functions  into  exercise  at  a  much 
earlier  period  than  does  the  Human  infant. 

Vegetable. 


Rice 

.  81 

Oats 

138 

Peas 

,  239 

Potatoes 

84 

White  bread  . 

142 

Agaricus  russula 

.  264 

Turnips 

.  106 

Wheat  . 

.  119- 

-144 

Lentils 

.  276 

Rye 

.  106 

Carrots  . 

150 

Haricot  beans 

283 

Maize 

.  100-125 

Brown  bread 

166 

Agaricus  deliciosus 

.  289 

Barley  . 

.  125 

Agaricus  cantharellus 

201 

Beans  . 

320 

Anivial. 


Human  milk 

.  100 

Salmon,  raw  . 

776 

Cow's  milk  . 

.  237 

  boiled  . 

.  610 

Oyster 

.  305 

Liver  of  Pigeon 

742 

Yolk  of  eggs  . 

.  305 

Portable  soup 

.  764 

Cheese 

331-447 

White  of  egg 

845 

Eel,  raw 

.  434 

Crab,  boiled 

.  859 

 boiled 

.  428 

Skate,  rawr 

859 

Liver  of  crab  . 

.  471 

 boiled 

.  956 

Mussel,  raw 

.  528 

Herring,  raw 

910 

 boiled 

.  660 

 boiled  . 

.  808 

Ox  liver,  raw 

.  570 

 milt  of 

924 

Pork-ham,  raw 

.  539 

Haddock,  raw  . 

.  920 

  boiled 

.  807 

  boiled 

816 

Flounder,  raw  . 

  boiled 

Pigeon,  raw 

 boiled 

Lamb,  raw 
Mutton,  raw  . 

  boiled  . 

Veal,  raw 

 boiled 

Beef,  raw 

 boiled 

Ox  lung 


,  898 
954 

,  756 
827 
833 
773 
852 
873 
911 
880 
942 
931 


It  is  not  to  be  supposed,  however,  that  any  table  of  this  kind,  founded 
simply  upon  the  Chemical  composition  of  the  various  substances,  can 
indicate  their  respective  fitness  as  articles  of  diet ;  since  this  depends  also 

•  Schlossberger  and  Kemp,  in  "  Philosophical  Magazine,"  Nov.  1845. 


NATURE  AND  DESTINATION  OP  FOOD. 


379 


upuii  tlie  facility  with  which  they  are  reduced  by  the  digestive  process, 
and  afterwards  assimilated.  Thus  an  aliment,  abounding  in  nutritive 
matter,  may  be  inferior  to  one  which  really  contains  a  much  smaller  pro- 
portion, if  only  a  part  in  the  fii'st  case,  and  the  whole  in  the  second,  be 
readily  taken  up  by  the  system. — The  calorific  powers  of  the  substances 
above  enumerated,  however,  ai'e  not  precisely  in  the  inverse  ratio  to  their 
histogenetic  value;  for,  as  the  amount  of  heat  given  off  in  their 
combustion  depends,  not  simply  upon  the  amount  of  carbon  and  hydro- 
gen they  may  contain,  but  upon  the  amount  of  their  hydro-carbon  over 
and  above  that  which  is  already  combined  with  oxygen,  substances  that 
:  are  alike  deficient  in  nitrogen  may  diflFer  considerably  in  this  respect. 
Thus  in  ordinary  fat,  the  proportion  of  oxygen  is  only  about  10  per 
cent,  whilst  that  of  hydro-carbon  is  at  least  90  per  cent;  in  alcohol,  the 
proportion  of  oxygen  is  nearly  35  per  cent  to  65  per  cent  of  hydro-car- 
bon; in  starch,  the  oxygen  is  49 1  per  cent,  the  hydro-carbon  50§  per 
cent;  in  cane-sugar,  the  oxygen  is  51|,  the  hydro-carbon  48^;  and  in 
gi'ape-sugar,  the  oxygen  is  53^,  the  hydro-carbon  46|.  According  to  the 
estimate  of  Prof  Liebig,*  the  following  are  the  relative  calorific  powers 
of  these  substances,  the  numbers  expressing  approximately  the  weights 
of  each  which  must  be  taken-in  as  food,  in  order,  with  the  same  con- 
sumption of  oxygen  to  keep  the  body  at  its  proper  temj)erature  during 
equid  times:  fat,  100;  starch,  240;  cane-sugar,  249;  grape-sugar,  263; 
spu-its  (containing  50  per  cent  of  absolute  alcohol),  266.  The  equivalent 
of  lean  flesh  required  to  produce  the  same  calorific  effect  with  the  fore- 
going, would  be  no  less  than  770. 

402.  It  is  obvious  that  the  most  economical  diet  will  be  that  in  which 
there  is  the  most  perfect  apportionment  of  each  class  of  constituents  to 
the  wants  of  the  system;  and  these,  on  the  principles  formerly  explained 
(§§  374-6),  will  vaiy  with  the  amount  of  muscular  exertion  put  forth,  and 
the  lowering  of  the  external  temperature.  Thus,  for  a  man  of  ordinary 
habits,  and  living  under  a  medium  temperature,  a  diet  composed  of  animal 
.  flesh  alone  is  the  least  economical  that  can  be  conceived ;  for,  since  the 
J,  greatest  demand  for  food  in  his  system  is  created  by  the  necessity  for  a 

>  supj)ly  of  carbon  and  hydrogen  to  support  his  respiration,  this  want  may 
I  be  most  advantageously  fulfilled  by  the  employment  of  a  certain  quantity 

of  non-azotized  food,  in  which  these  ingi-edients  predominate.  Thus  it 
has  been  calcidated,  that,  since  fifteen  pounds  of  flesh  contain  no  more 

>  carbon  than  fom^  pounds  of  starch,  a  savage  with  one  carcass  and  an 
equal  weight  of  starch,  could  support  life  for  the  same  length  of  time, 
during  which  another  restricted  to  animal  food  would  require  five  such 

•  carcasses,  in  order  to  procm^e  the  carbon  necessary  for  respiration. 

Hence  we  see  the  immense  advantage  as  to  economy  of  food,  which  a 
'  fixed  agiicultural  population  possesses  over  those  wandering  tribes  of 
i  hunters,  which  still  people  a  large  part  both  of  the  old  and  new  con- 
;  tinents.    The  mixture  of  the   azotized  and  non-azotized  compounds 
(gluten  and  starch),  that  exists  in  wheat-flour,  seems  to  be  just  that 
which  is  most  generally  useful  to  Man ;  and  hence  we  see  the  explanation 
of  the  fact,  that,  from  very  early  ages,  bread  has  been  regarded  as  the 
"staff"  of  life." — There  are  particular  conditions  of  existence,  however, 

*  "  Fumiliar  Letters  on  Chemistry,"  3rd  edit.,  p.  380. 
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under  which  life  may  be  advantageously  supported  upon  anivial  food  alone. 
Thus  the  Guachos  of  South  America,  who  pass  the  whole  day  in  the 
saddle,  and  lead  a  life  of  constant  activity  resembling  that  of  a  carni- 
vorous animal,  scarcely  ever  taste  anything  but  beef;  and  of  this  their 
consumption  is  by  no  means  great ;  for  the  temperature  of  the  surround- 
ing atmosphere  is  so  high,  that  the  body  has  no  occasion  to  generate 
more  heat  than  is  suj)plied  by  the  combustion  of  the  hydro-carbonaceous 
portion  of  the  'waste'  of  the  tissues.  Here,  then,  the  demand  for  his- 
togenetic  material  being  at  its  maximum,  and  that  for  combustive 
materials  at  its  minimum,  the  former  supplies  all  that  is  requisite  for 
the  latter.  Again,  the  Esquimaux  and  other  dwellers  upon  the  Arctic 
seas  find  in  the  bodies  of  the  whales,  seals,  &c.,  whereon  they  subsist, 
that  special  supply  of  the  very  best  combustive  material,  which  alone 
can  enable  them  to  maintain  their  existence  in  a  climate  where  the  ther- 
mometer is  for  many  weeks  or  months  in  the  year  at — 40°  or  even  lower, 
and  where  the  amount  of  heat  which  must  be  generated  within  the  body 
is  four  or  five  times  that  for  which  a  diet  of  bread  will  suffice. — On  the 
other  hand,  the  general  experience  of  the  inhabitants  of  warm  chmates 
seems  in  favour  of  a  diet  chiefly  or  entirely  vegetable;  and  its  pecuHar 
suitableness  appears  to  consist  in  its  affording  an  adequate  supply  of  the 
plastic  alimentary  substances,  in  combination  with  farinaceous  matters 
that  give  the  requisite  bulk  to  the  food  (§  448),  without  affording  more 
combustive  material  than  the  system  requu'es, — ^the  quantity  of  starch 
which  undergoes  conversion  and  is  introduced  as  sugar  into  the  circula- 
tion, being  a^jparently  governed  rather  by  the  demands  of  the  respiratory 
process,  than  by  the  amount  ingested,  and  the  remainder  being  voided 
again  unchanged. 

403.  The  mixed  diet,  to  which  the  inclination  of  Man  in  temperate 
climates  seems  usually  to  lead  him  (when  circumstances  allow  that  inch- 
nation  to  develope  itself  fi^eely),  appears  to  be  fully  conformable  to  the 
construction  of  his  dental  and  digestive  apparatus,  as  well  as  to  his 
instinctive  propensities.    And  whilst  on  the  one  hand  it  may  be  fi-eely 
conceded  to  the  advocates  of  '  Vegetarianism,'  that  a  weU-selected  vege- 
table diet  is  capable  of  producing  (in  the  greater  number  of  individuals) 
the  highest  physical  development  of  which  they  are  capable,  it  may  on 
the  other  hand  be  affirmed  with  equal  certainty,  that  the  substitution  of 
a  moderate  proportion  of  animal  flesh  is  in  no  way  injurious,  whilst,  so 
far  as  our  evidence  at  present  extends,  this  seems  rather  to  favour  the 
highest  mental  development.    If,  indeed,  we  take  a  comprehensive  suiwey 
of  the  conditions  of  the  various  races  of  Man  at  present  inhabiting  the 
earth,  we  cannot  helj)  being  struck  with  his  adaptiveness  to  a  great 
variety  of  circumstances,  as  regards  cMmate,  mode  of  life,  diet,  &c.  And 
we  can  scarcely  avoid  the  conclusion,  that  the  Creator,  by  conferring 
upon  him  such  an  adaptiveness,  intended  to  qualify  liim  for  subsisting 
on  those  articles  of  diet,  whether  animal  or  vegetable,  which  are  most 
readily  attainable  in  different  parts  of  the  globe ;  and  thus  to  remove  the 
obstacle  which  a  necessary  restriction  to  any  one  kind  of  food  would 
have  otherwise  opposed  to  his  universal  diffusion.    If  we  were  to  bring 
together  the  habitual  diet-scales  of  the  several  races  of  men  which  people 
the  surface  of  our  globe,  we  apprehend,  that  the  diversities  which  they 
would  present,  would  be  scarcely  less  strange  than  those  which  exist 
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among  the  i*egimens  of  the  most  dissimilar  species  of  Mammalia.  We 
should  find  the  purely  animal-feeding  on  the  one  hand,  the  pure  vege- 
tarians on  the  other.  Among  the  former  we  should  find  some  who 
devom-  animal  flesh,  others  fish,  and  others  fowl,  while  others  are  even 
insectivorous;  then,  again,  we  should  encounter  some  who  devour  their 
food  raw,  others  who  cook  it ;  some  preferring  it  immediately  that  it  has 
ceased  to  live,  while  others  do  not  relish  it  until  it  has  become  almost 
putrescent.  So  among  the  vegetable-feeders,  we  should  find  some  sub- 
sisting upon  soft  fi-uits,  others  upon  hard  gi^ains,  others  again  chiefly 
upon  succulent  herbage,  and  others  upon  roots  so  tough  as  to  require 
artificial  means  for  their  reduction.  In  the  various  devices  by  which 
man  has  succeeded  in  availing  himself  of  these,  and  in  the  various 
tastes  which  have  led  some  to  avail  themselves  of  articles  of  food  which 
others  would  loathe,  we  see  the  evidence  of  the  same  wise  Design,  as  that 
which  has  given  to  difierent  tribes  of  animals  their  respective  preferences ; 
and  we  deduce  from  the  whole  the  conclusion,  that  Man  is  left  by  his 
Creator  at  perfect  liberty  to  select  that  kind  of  nutriment  which  he  finds 
most  suitable  to  his  tastes  and  to  his  wants ;  the  former,  when  not  abso- 
lutely vicious,  being  (there  is  strong  reason  to  believe)  an  exponent  of 
the  latter,  just  as  the  simple  desire  for  food  is  the  exponent  of  the  need 
for  it  in  the  system. 

404.  "When  the  results  of  experience,  then,  are  combined  with  the 
teachings  of  science,  they  seem  to  justify  the  following  conclusions. 

I.  That  a  due  adjustment  of  the  Albuminous,  Oleaginous,  and  Sac- 
charine constituents  of  the  food,  to  the  varying  conditions  under  which 
Man  exists,  is  of  the  first  importance ;  and  that  the  question  of  the  deri- 
vation of  the  first  two  of  these  constituents  from  the  Animal  or  from 
the  Vegetable  kingdom  is  one  of  secondary  character ;  each  being  capable 
of  yielding  them  in  adequate  amount,  and  the  only  condition  requi- 
site being,  that  the  articles  of  food  shall  be  so  selected  as  to  supply  the 
needful  quantity.  Thus  a  diet  whose  staple  Consists  of  potatoes  or  rice, 
contains  by  far  too  small  an  amount  of  albuminous  matter  in  proportion 
to  the  farinaceous;  but  if  to  this  be  added  a  moderate  quantity  of  meat, 
the  proportion  is  assimilated  to  that  which  exists  in  wheaten  bread, 
'  which  may  be  taken  as  the  standard  for  Man's  alimentation  in  all  but 
extremely  cold  climates.  The  failure  of  wheaten  bread  to  supply  what 
the  system  there  requires,  depends  on  nothing  else  than  its  deficiency  in 
the  oleaginous  constituent ;  for  although  such  a  craving  for  fat  meat  is 
experienced  by  travellers  in  those  climates,  as  has  led  to  the  belief  that  it 
■  is  necessaiy  for  their  support,  yet  recent  experience  has  shown  that  a 
vegetable  oil  answers  the  same  purpose,  bread  made  from  maize  flour 
(which  contains  a  large  proportion  of  oleaginous  matter)  having  been 
found  to  be  just  as  efficacious  as  fat  meat,  both  in  supporting  the  muscu- 
lar strength,  and  in  maintaining  the  heat  of  the  body.*  On  the  other 
hand,  maize-bread  is  found  by  experience  to  be  far  less  adapted  than 
wheaten  bread  for  consumption  in  wai-m  climates,  being  too  '  heating '  in 
its  character;  thus  confirming  the  view  already  stated,  as  to  the  supe- 
riority of  farinaceous  matter  as  the  principal  combustive  material,  where 
the  external  temperatm-e  is  high. — The  same  kind  of  difference  should 

_  *  The  Author  makes  this  statement  on  the  authority  of  Sir  J.  Richardson,  who  informs 
•him  that  2J  lbs.  of  maize-flour  are  considered  to  be  the  equivalent  of  8  lbs.  of  meat. 
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be  made  in  the  winter  and  summer  diet  of  the  inhabitants  of  the  tempe- 
rate zone.  For  when  the  external  temperature  is  low,  an  ample  supply 
of  oleaginous  matter  is  indicated,  and  may  be  advantageously  taken  in 
the  form  of  butter,  cocoa,  fat  meat,  or  maize-bread.  On  the  other  hand, 
during  the  heat  of  summer,  the  more  nearly  the  diet  is  assimilated  to 
that  of  the  natives  of  tropical  climates,  in  the  substitution  of  fruits  and 
farinacea  for  oleaginous  articles,  the  less  will  be  the  liability  to  dis- 
ordered health  in  the  autumn.* 

II.  Experience  teaches,  however,  that  it  is  not  a  matter  of  entire 
indifference,  whether  the  Albuminous  constituent  be  drawn  fi-om  the 
Animal  or  fi-om  the  Vegetable  kingdom ;  for  the  use  of  a  highly-animalized 
diet  has  a  tendency  to  raise,  and  that  of  a  vegetable  diet  to  lower,  the 
proportion  of  red  corpuscles  in  the  Blood  (§  IGl);  whilst,  by  a  d\ie  ad- 
justment of  the  pi-oportion  of  the  two  classes  of  components,  the  evil 
effects  of  the  exclusive  use  of  either  may  be  prevented. 

III.  So,  again,  experience  teaches  what  could  scarcely  have  been  antici- 
pated theoretically ; — namely,  that,  notwithstanding  the  power  which  the 
living  body  possesses  of  converting  saccharine  compoimds  into  oleaginous, 
the  ingestion  of  a  certain  amount  of  Oleaginous  matter  as  suck  is  neces- 
saxy,  or  at  least  is  favoxirable,  to  the  maintenance  of  health.  We  see  this 
provided  in  large  quantity,  in  the  first  aliment  prepai-ed  by  nature  for  the 
offspring  of  the  Mammalia;  and  it  exists  largely  in  the  yolk  of  the  egg 
of  all  Oviparous  animals.  In  the  ordinary  diet  of  every  nation  on  the 
globe, — whether  this  be  animal,  vegetable,  or  mixed, — we  find  one  or 
more  articles  of  an  oleaginous  nature ;  and  there  is  a  natural  craving  for 
such  substances  when  they  are  completely  withheld,  which  indicates  that 
they  serve  some  important  pm-pose  in  the  economj^  Although  this 
craving  is  so  far  affected  by  climate,  that  it  leads  to  the  lai'gest  consump- 
tion of  oily  matter  where  the  extreme  of  cold  has  to  be  endvired,  it  exists 
with  no  less  intensity  even  in  tropical  regions ;  and  we  find  the  Hindoo 
adding  his  modicum  of  '  ghee '  (or  rancid  butter)  to  the  rice  whicli 
constitutes  his  staple  article  of  diet,  with  the  same  i-ehsh  that  the  Esqui- 
maux feels  for  his  massive  lumps  of  blubber. — It  does  not  seem  difficult 
to  undei*stand  the  rationale  of  this  fact.  It  has  been  already  pointed-out, 
that  whilst  the  Adipose  and  Nervous  tissues  are  the  only  portions  of  the 
Animal  fabric  into  which  fatty  matter  enters  in  any  considerable  propor- 
tion, yet  that  its  presence  has  an  important  influence  on  the  assimilation 
of  albuminous  matters,  and  seems  essential  to  every  act  of  cytogenesis 
(§  42).  We  shall  hereafter  see  (chap,  viii.,  sect.  3),  that  it  is  probably 
in  the  Lacteal  system  that  the  two  substances  are  brought  into  that 
mutual  relation  with  each  other  which  these  pui-poses  require ;  and  thus 

*  There  can  be  no  doubt  that  a  large  proportion  of  the  diseases  of  the  digestive  apparatus, 
which  are  so  fatal  among  European  residents  in  India  and  other  tropical  climates,  result  from 
the  habitual  ingestion  of  a  much  larger  quantity  of  food,  and  this  especially  of  a  ricli  and 
stimulating  character,  than  the  system  requires.  The  loss  of  appetite  consequent  upon  the 
diminution  of  the  demand  for  combustive  material,  is  set  down  to  the  deleterious  influence 
of  the  climate ;  and  an  attempt  is  made  to  neutralize  this  by  artificial  provocatives. — So,  it 
seems  probable  that  many  of  the  "  bilious  attacks,"  which,  in  this  country,  are  so  frequent  in 
early  autumn,  and  which  are  commonly  set  down  to  the  account  of  fruit  (although  the  sub- 
jects of  them  have  often  abstained  entirely  from  that  article),  are  really  the  result  of  the  pre- 
sence of  an  excess  of  hydrocarbonaceous  matter  in  the  system,  consequent  upon  over-feeding 
during  the  summer,  and  must  be  looked-on  as  the  natural  means  by  which  it  is  got  rid  of. 
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:  it  is  obvious  that,  unless  a  conversion  of  saccharine  into  oleaginous  mat- 
•  ter  can  take  place  in  the  alimenttiiy  canal  (of  which  there  is  no  adequate 
evidence),  no  true  chyle  can  be  formed,  except  when  oleaginous  matters 
have  formed  part  of  the  food.    There  is  strong  and  increasing  reason  to 
.believe,  that  a  deficiency  of  oleaginous  matter,  in  a  state  fit  for  appro- 
!  priation  by  the  nutritive  processes,  is  a  fertile  source  of  diseased  action, 
.  especially  of  that  of  a  tuberculous  character ;  and  that  the  habitual  use  of 
:  it  in  larger  propoiiion  would  operate  favourably  in  the  prevention  of  such 
1  maladies,  as  the  employment  of  cod-liver-oil  unquestionably  does  in  their 
I- cure.    A  most  remarkable  example  of  this  is  presented  by  the  popu- 
lation of  Iceland;  which,  notwithstanding  the  concurrence  of  every  one 
of  the  circumstances  usually  considered  favourable  to  the  scrofulous 
[  diathesis,  enjoys  a  most  remarkable  immmiity  from  it, — without  any 
other  assignable  cause  than  the  peculiarly  oleaginous  character  of  the 
diet  iisually  employed.* 

IV.  Another  of  the  results  of  experience,  of  which  Science  has  not  yet 
given  a  definite  rationale,  is  the  necessity  of  employing /?"esA  vegetables  as 
an  article  of  Diet ;  the  almost  invariable  consequence  of  the  entire  omis- 
sion of  them,  being  the  development  of  that  peculiar  constitutional 
disorder  which  is  known  as  Scurvy.    That  the  deficiency  of  something 
which  fi-esh  vegetables  can  alone  supply,  is  the  essential  cause  of  this 
disease  (its  operation  being  promoted,  however,  by  other  conditions, 
such  as  absolute  deficiency  of  food,  confinement,  bad  ventilation,  depres- 
sion of  spirits,  &c.),  may  now  be  regai'ded  as  a  well-established  fact;t  and 
it  is  one  which  ought  to  have  an  important  influence  on  our  dietetic 
rajrangements.    For  if  the  total  withdrawal  of  these  articles  be  produc- 
tive of  such  a  fearful  depravation  of  the  blood,  as  perverts  every  function 
:o  which  the  blood  is  subsei-vient,  a  diminution  of  them  below  the  standard 
'.•equisite  for  the  maintenance  of  health  must  necessai'ily  involve  a  depra- 
ifation  similar  in  kind  though  less  -aggravated  in  degree;  and  this,  if. 
slight,  may  be  expected  to  manifest  itself,  not  so  much  in  the  production 
:)f  idiopathic  disorders,  as  in  favoiu-ing  any  peculiar  tendency  to  disease 
vhich  may  exist  in  the  system,  and  in  preventing  or  retarding  recovery 
Tom  its  efiects.J   The  employment  of  fresh  fruits  and  of  green  vegetables 
icems  especially  indicated,  where  a  general  chronic  disorder  of  nutrition 
i.ndicates  a  perverted  condition  of  the  circulating  material ;  and  especially 
vhere  there  is  a  disposition  to  chronic  inflammation,  induration,  and 
ilceration,  in  difierent  parts  of  the  body. 

v.  Finally,  then,  a  well-arranged  dietetic  scheme  ought  to  consist  of 
uch  a  combination  of  the  Albuminous,  Oleaginous,  and  Farinaceous  con- 
tituents,  as  is  most  appropriate  to  the  requirements  of  the  system; — a 
tprger  measure  of  the  albuminous  being  supplied,  when  an  unusual  amount 

See  Dr.  Schleisner's  "  Island  imdersogt  fra  lasgevidenskabeligt  Synspunct,"  or  Report 
a  the  Sanitary  Condition  of  Iceland ;  and  the  analysis  of  it  in  the  "  Brit,  and  For.  Med  - 
i<hir.  Rev.,"  vol.  v.  p.  456. 

•  +  For  a  full  inquiry  into  this  subject,  see  the  "  Brit,  and  For.  Med.-Chir.  Rev.,"  vol.  ii. 
439. 

t  This  " scorbutic  tendency"  was  fully  recognized  by  the  past  generation  of  physicians 
fho  practised  in  those  good  old  limes  when  potatoes  were  a  luxury,  and  green  vegetables  in 
te  winter  almost  unknown,  when  the  middle  classes  fed  upon  sailed  meat  during  a  great 
urt  of  the  year,  and  when  sagacious  old  women  proscribed  nettle-tea  and  scurvy-grass  with 
course  of  lenitive  "  spring-physic,"  for  the  "  cleansing  of  the  blood."  ' 
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of  nervo-muscular  exertion  is  put  forth,  and  this  supply  being  then  most 
advantageously  derived  from  animal  flesh; — a  larger  measure  of  the 
oleaginous  being  required  for  the  sustentation  of  the  heat  in  a  frigid 
atmosphere,  and  this  being  supplied  equally  well  by  the  vegetable  king- 
dom as  by  the  animal ; — and  a  larger  proportion  of  the  farinaceous,  as  a 
substitute  for  the  oleaginous,  being  most  favourable  to  health  under  a 
high  atmospheric  temperature.  An  habitual  excess  in  the  use  of  either 
of  these  constituents,  above  what  the  demands  of  the  system  require, 
tends  towards  the  pi'oduction  of  a  particular  '  diathesis'  or  constitutional 
state,  which  may  manifest  itself  in  a  great  variety  of  modes.  Thus,  an 
excess  of  the  albuminous  components,  such  as  is  only  likely  to  occur 
when  too  large  a  proportion  of  animal  food  is  employed,  undoubtedly 
favours  the  arthritic  diathesis,  which  seems  to  consist  in  the  presence  of 
imperfectly  assimilated  histogenetic  substances  and  wrongly-metamor- 
phosed products  of  disintegration,  that  are  not  duly  eliminated  in  the 
kidneys;  and  this  diathesis  not  only  displays  itself  in  gout  and  gi-avel, 
but  modifies  the  course  of  other  diseases.  So,  again,  an  excess  of  the 
oleaginous  constituents  of  the  food  tends  to  the  production  of  the  hilioxis 
diathesis,  in  which,  through  the  insufficient  elimination  of  hydi'ocarbona- 
ceous  matters,  the  blood  becomes  charged  with  the  elements  of  bile.  The 
excess  o1  farinaceous  matters,  moreover,  especially  when  combined  with  a 
deficiency  of  the  albuminous  (as  it  too  frequently  is  among  those  who  are 
obliged  by  necessity  to  live  chiefly  upon  a  'poor'  vegetable  diet),  tends 
to  the  production  of  the  rheumatic  diathesis ;  which  seems  to  consist,  like 
the  arthritic,  in  the  mal-assimilation  and  wrong  metamorphosis  of  the 
components  of  the  tissues,  but  to  be  especially  favoured  by  the  presence 
either  of  lactic  acid,  or  of  some  other  product  of  the  metamorphosis  of 
the  saccharine  compounds.  And,  as  already  pointed  out,  the  deficiency  of 
oleaginous  matters  seems  to  tend  to  the  development  of  the  scrofulous 
diathesis ;  and  that  of  fruits  and  fresh  vegetables  to  the  production  of  the 
scorbutic  * 

4:05.  The  absolute  quantity  of  Food  required  for  the  maintenance  of  the 
Human  body  in  health,  varies  so  much  with  the  age,  sex,  constitution, 
and  habits  of  the  individual,  and  with  the  circumstances  in  which  he  may 

*  It  is  worthy  of  remark  that  in  the  times  when  even  the  wealthy  lived  during  four  or  five 
months  of  the  year  almost  exclusively  upon  meat,  bread,  and  flour-puddings,  and  when,  there- 
fore, the  diet  was  far  too  highly  azotized,  as  well  as  deficient  in  fresh  vegetables,  arthritic, 
calculous,  and  scorbutic  disorders  were  much  more  common  than  at  present.  The  introduction 
and  universal  employment  of  the  potato  has  unquestionably  done  much  to  correct  these  two 
tendencies ;  on  the  one  hand,  by  dilating  the  azotized  constituents  of  the  food,  so  that,  with  the 
same  bulk,  a  much  smaller  proportion  of  these  is  now  introduced  ;  and  on  the  other,  by  supply- 
ing to  the  blood  some  element  which  is  essential  to  the  maintenance  of  its  healthy  condition. 
But  with  the  diminution  of  the  arthritic  diathesis,  which  the  experience  of  our  older  practi- 
tioners, and  the  medical  writings  of  the  last  century,  indicate  as  having  taken  place  duruig 
that  period,  there  has  been  an  increase  in  the  rheumatic; — a  change  which  seems  to  have  a 
close  relation  to  this  alteration  in  diet.  And  it  seems  not  improbable,  too,  that  this  alteration 
in  diet  has  much  to  do  with  that  diminished  power  of  sustaining  active  depletory  treat- 
ment, which,  according  to  the  observations  of  practitioners  of  long  experience,  characterizes 
the  present  generation  as  compared  with  the  preceding.  But  whilst  there  is  a  diminished 
capability  of  bearing  large  blood-lettings,  violent  purgation,  &c.,  there  is  at  the  same  time  such 
an  increased  tendency  to  a  favourable  termination  in  many  of  those  diseases  for  which  they 
were  formerly  accounted  necessarj'',  as  should  remove  all  regret  at  this  change  of  constitution. 
— On  the  question  of  '  Vegetarianism,'  the  Author  may  refer  to  his  articles  on  that  subject  m 
the  "  Brit,  and  For.  Med.-Chir.  Rev.,"  vol.  vi.  pp.  76  and  .Sfl.O. 
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be  placed,  that  it  would  be  absurd  to  attempt  to  fix  any  standard  which 
should  apply  to  every  particular  case.  The  aj^petite  is  the  only  sure 
guide  for  the  supply  of  the  wants  of  each ;  but  its  indications  must  not  be 
misinterpreted.  To  eat  when  we  are  hungry,  is  an  evidently  natural 
disposition ;  but  to  eat  as  long  as  we  are  hungry,  may  not  always  be  pru- 
dent. Since  the  feeling  of  hunger  does  not  depend  so  much  upon  the 
state  of  fulness  or  emptiness  of  the  stomach,  as  upon  the  condition  of  the 
general  system,  it  appears  evident  that  the  ingestion  of  food  cannot  at 
once  produce  the  effect  of  dissipating  it,  though  it  will  do  so  after  a  short 
time ;  so  that,  if  we  eat  with  undue  rapidity,  we  may  continue  swallowing 
food  long  after  we  have  taken  as  much  as  will  really  be  required  for  the 
wants  of  the  system;  and  every  superfluous  particle  is  not  merely  useless, 
but  injurious.  Hence,  besides  its  other  important  ends,  the  process  of 
thorough  mastication  is  important,  as  prolonging  the  meal,  and  giving 
time  to  the  system  to  be  made  acquainted  (as  it  were)  that  the  supply  of  its 
wants  is  in  progress;  so  that  its  demand  may  be  abated  in  due  time  to 
prevent  the  ingestion  of  more  than  is  required.  It  is  very  justly  remarked 
by  Dr.  Beaumont,  that  the  cessation  of  this  demand,  rather  than  the  posi- 
tive sense  of  satiety,  is  the  proper  guide.  "  There  appears  to  be  a  sense 
of  perfect  intelligence  conveyed  to  the  encephalic  centre,  which,  in  health, 
invaiiably  dictates  what  quantity  of  aliment  (responding  to  the  sense  of 
himger  and  its  due  satisfaction)  is  naturally  I'equired  for  the  jDurposes  of 
life;  and  which,  if  noticed  and  properly  attended  to,  would  prove  the 
most  salutary  monitor  of  health,  and  effectual  preventive  of  disease.  It 
is  not  the  sense  of  satiety,  for  this  is  beyond  the  point  of  healthful  indul- 
gence, and  is  Nature's  earliest  indication  of  an  abuse  and  overbm-den  of 
her  powers  to  replenish  the  system.  It  occurs  immediately  previous  to 
this;  and  may  be  known  by  the  pleasurable  sensations  of  perfect  satisfac- 
tion, ease,  and  quiescence  of  body  and  mind.  It  is  when  the  stomach 
says,  enough  ;  and  it  is  distinguished  from  satiety  by  the  difference  of 
sensations, — the  latter  saying  too  mxichr  Eveiy  medical  man  is  well 
aware  how  generally  this  rule  is  transgressed;  some  persons  making  a 
regular  practice  of  eating  to  repletion ;  and  others  paying  far  too  little 
attention  to  the  preliminary  operations,  and  thus  ingesting  more  than 
is  good  for  them,  even  though  they  may  actually  leave  off  with  an 
appetite. 

406.  Although  no  universal  law  can  be  laid  down  for  individuals,  how- 
ever, it  is  a  matter  of  much  practical  importance  to  be  able  to  form  a 
correct  average  estimate.  It  is  from  the  experience  afforded  by  the  usual 
consu'mption  of  food  by  large  bodies  of  men,  that  our  data  are  obtained ; 
and  these  data  are  sufficient  to  enable  us  to  predict  with  tolerable  accu- 
racy what  will  be  required  by  similar  aggregations,  though  they  can  afford 
no  guide  to  the  consumption  of  individuals. — We  shall  first  consider  the 
quantity  sufficient  for  men  in  regular  active  exercise ;  and  then  inquire 
how  ftir  that  may  be  safely  reduced  for  those  who  lead  a  more  sedentary 
ilife. — ^The  Diet-scale  of  the  British  Navy  may  be  advantageously  taken  as 
a  specimen  of  what  is  required  for  the  first  class.  It  is  well  known  that 
an  extraordinary  improvement  has  taken  place  in  the  .health  of  seamen 
during  the  last  80  years ;  so  that  three  ships  can  now  be  kept  afloat  with 
only  the  same  number  of  men,  which  were  formerly  required  for  two. 
iThis  is  due  to  the  improvement  of  the  quality  of  the  food,  in  combination 
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with  other  pi'ophylactic  means.    At  present,  it  may  safely  be  affirmed 
that  it  would  not  be  easy  to  consti'uct  a  diet- scale  more  adapted  to  answer 
the  required  pm-pose.    The  health  of  crews  that  have  been  long  afloat, 
and  have  been  exposed  to  every  variety  of  external  conditions,  appears  to 
be  preserved  (at  least  when  they  are  under  the  direction  of  judicious 
officers)  to  the  full  as  well  as  that  of  persons  subject  to  similar  vicissi- 
tudes on  shore;  and  there  can  be  no  complaint  of  insufficiency  of  food, 
although  the  allowance  cannot  be  i^egarded  as  superfluous.    It  consists  of 
from  31  to  35^  ounces  of  dry  nutritious  matter  daily  ;  of  this  20  oz.  are 
vegetable,  and  the  rest  animal.    This  is  found  to  be  amply  sufficient  for 
the  suppoi-t  of  strength;  and  considerable  variety  is  produced,  by  ex- 
changing various  parts  of  the  diet  for  other  articles.    This,  however,  is 
sometimes  done  erroneously ;  thus  8  oz.  of  fresh  vegetables,  which  contain 
only  1^  oz.  of  solid  nutriment,  are  exchanged  for  12  oz.  of  flour,  which  is 
almost  all  nutritious.  Sugar  and  Cocoa  are  also  allowed,  pai-tly  in  exchange 
for  a  portion  of  the  Si^irits  formerly  sei-ved  out;  a  further  diminution 
of  which  has  recently  been  effected,  with  great  benefit. — A  considerable 
reduction  in  this  amount  is  of  course  admissible,  where  little  bodily 
exertion  is  required,  and  where  there  is  less  exposure  to  low  temperatures. 
In  the  case  of  Prisoners,  the  diet  sliould  of  course  be  as  spare  as  possible, 
consistently  with  health;  Imt  it  should  be  carefully  modified,  in  incUvidual 
cases,  according  to  several  collateral  circumstances,  such  as  depression  of 
mind,  compulsory  labour,  previous  intemperate  habits,  and  especially  the 
length  of  confinement.    It  has  been  supposed  by  some,  that  prisoner 
i-cquirc  a  fuller  diet  than  persons  at  large ;  this  is  probably  erroneous ; 
but  more  variety  is  certainly  desirable,  to  counteract,  as  far  as  possible, 
the  depressing  influence  of  their  condition  upon  the  digestive  powers.  The 
evil  effect  of  an  undue  reduction  in  the  supply  of  food,  and  of  insufficient 
attention  to  its  quality,  has  unfortunately  been  too  frequently  displayed  in 
our  prisons ;  a  notable  example  of  which  wiU  be  hereafter  alluded-to  (§  419). 
A  veiy  excellent  scale  of  dietaries  adapted  to  the  different  conditions  of 
prison-life,  has  been  issued  by  the  Government  on  the  recommendation  of 
the  Insjwctor  of  Prisons. — The  effects  of  confinement  have^been  well  shown 
in  the  experience  of  the  Edinburgh  Ho\ise  of  Refuge,  which  was  first 
established  in  1 832,  for  the  i-eceptiou  of  beggars  during  the  Cholera,  and 
which  has  been  continued  to  the  present  time.    The  diet  was  at  first  a 
quart  of  oatmeal  porridge  for  each  person,  moniing  and  evening;  and  at 
dinner  1  oz.  of  meat,  in  broth,  with  7  oz.  of  bread;  making  altogether 
about  23  oz.  of  solid  food  a  day.    During  some  months,  this  diet  seemed 
to  answer  very  well ;  the  people  went  out  fatter  than  they  came  in,  owing  to 
the  diet  being  better  than  that  to  which  they  had  been  accustomed ;  but 
afterwards  a  proneness  to  disease  manifested  itself  in  those  who  had  been 
residents  there  for  a  considerable  time,  and  the  diet  was  therefore  some- 
what increased,  with  good  effect.    The  quantity  of  animal  food  was  pro- 
bably here  too  small ;  "and  the  total  weight  might  still  have  been  sufficient, 
if  it  had  been  differently  apportioned. — The  inmates  of  Workliouses, 
especially  those  who  liave  been  acciistomed  to  poor  food  dm-ing  their 
whole  lives,  require  much  less  than  those  more  actively  employed;  and 
it  is  of  importance  that  the  diet  should  not  be  superior  in  cpiantity  or 
quality,  to  that  which  the  labouring  classes  in  the  respective  neighbour- 
hoods provide  for  themselves.    In  the  Edinburgh  workhouse,  of  which 
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the  inmates  usually  have  good  health,  they  are  fed  iipon  oatmeal  -povvidge 
morning  and  evening,  witli  barley-broth  at  dinner;  the  total  allowance  of 
diy  mitriment  is  about  17  oz. ;  namely  13  oz.  of  vegetable,  and  4  oz. 
animal.  A  series  of  Diet-scales  for  Pauj)ers  has  been  issued  by  the  Poor- 
Law  Commissioners,  who  state  that  these  have  all  been  emploj^ed  in 
different  parts  of  England,  and  have  been  found  to  work  well ;  the  average 
daily  amount  of  solid  aliment  in  these  is  only  25 1  oz. ;  and  of  this  not 
above  18  oz.  would  be  dry  nutriment.* 

407.  The  smallest  quantity  of  food  upon  which  life  is  known  to  have 
'  been  supported  with  vigour,  during  a  prolonged  period,  is  that  on  which 

■  Cornai'o  states  himself  to  have  subsisted.  This  was  no  more  than  12  oz. 
a  day,  chiefly  of  vegetable  matter,  with  14  oz.  of  light  wine,  for  a  period 
of  58  yeai-s.    There  is  only  one  instance  on  record,  in  which  his  plan  was 

'  followed;  and  there  are  probably  few  who  could  long  persevere  in  it,  at 
'■  least  among  those  whose  avocations  require  much  mental  or  bodily  exer- 
I  tion.  It  is  certain,  however,  that  life  with  a  modei-ate  amount  of  vigour 
!!  may  be  preserved  for  some  time,  with  a  very  limited  amount  of  food ;  this 
.  appe{ii's  from  the  records  of  shipwreck  and  similar  disasters.  In  regard, 
!  however,  to  those  who  have  been  stated  to  fast  for  a  period  of  months  or 
.  even  yeai'S,  taking  no  nutriment,  but  maintaining  an  active  condition,  it 
;  may  be  safely  asserted  that  they  were  impostors,  probably  possessing 
l  umisual  powers  of  abstinence,  which  they  took  care  to  magnify  (§  422). 

408.  Of  the  quantity  which  can  be  devoured  at  one  time,  this  is  scarcely 
(the  place  to  speak ;  since  such  feats  of  gluttony  only  demonstrate  the 

■  extraordinary  capacity  which  the  stomach  may  be  made  to  attain  by 
continual  pmctice.  Many  amusing  instances  are  related  by  Captain 
Tai-ry  in  his  Arctic  Voyages;  in  one  case,  a  young  Esqidmaux,  to  whom 
I'be  had  given  (for  the  sake  of  curiosity)  his  full  tether,  devoured  in  four- 
imd-twenty  hours,  no  less  than  35  lbs.  of  various  kinds  of  aliment,  includ- 
.  ng  tallow  candles.    A  case  has  more  recently  been  published  of  a  Hindoo, 

.vho  can  eat  a  whole  sheep  at  a  time ;  this  probably  surpasses  any  other 
I  nstance  on  record.    The  half-breed  voyageurs  of  Canada,  according  to 

■^ir  John  Franklin,  and  the  wandering  Cossacks  of  Siberia,  as  testified  by 

ipt.  Cochrane,  habitually  devour  a  quantity  of  animal  food,  which  would 
10  soon  fatal  to  any  one  imused  to  it.    The  former  are  spoken  of  as  very 

scontented,  when  put  on  a  short  allowance  of  8  lbs.  of  meat  a  day;  their 
i  sual  consumption  being  from  12  to  20  lbs. — That  a  much  larger  quantity 
f  food  than  that  formerly  specified,  may  be  habitually  taken  with  perfect 
i-eedom  from  injurious  consequences,  under  a  particular  system  of  ex- 
'  cise,  &c.,  appears  from  the  experience  of  those  who  are  trained  for  feats 
f  strength,  pugilistic  encounters,  &c.  The  ordinary  belief  that  tlie 
>.thletic  constitution  cannot  be  long  maintained,  aj^tpears  to  have  no  real 
mndation ;  nor  does  it  appear  that  any  ultimate  injury  results  from  the 
v  stem  being  persevered-in  for  some  time.  That  trained  men  often  Ml 
ito  bad  health,  on  the  cessation  of  the  plan,  is  probably  owing  in  part  to 

ic  intemperance  and  other  bad  habits  of  persons  of  the  class  usually  sub- 
•cted  to  this  discipline.    The  effects  of  trainers'  regimen  are  hardness 

id  firmness  of  the  muscles,  cleai-ness  of  the  skin,  capability  of  bcffi-ing 

A  copious  collection  of  Dietaries  will  be  found  in  Dr.  Pcreira's  "  Treatise  on  Food  ;iih1 
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contiriTied  severe  exercise,  and  a  feeling  of  freedom  and  lightness  (or 
"  corkiness  ")  in  the  limbs.  Dm'ing  the  contimiance  of  the  system,  it  is 
found  that  the  body  recovers  with  wonderful  facility  from  the  effects  of 
injuries;  wounds  heal  veiy  rapidly;  cutaneous  eruptions  usually  disap- 
pear. Clearness  and  vigour  of  mind,  also,  are  stated  to  be  res\ilts  of  this 
plan.* 

409.  It  is  not  enough  for  the  healthy  support  of  the  body,  that  the 
Food  ingested  should  contain  an  adequate  proportion  of  alimentary  con- 
stitvients ;  it  is  impoi'tant  that  these  should  be  in  a  wholesome  or  unde- 
composing  state.  Putting  out  of  view  all  impregnations  with  deleterious 
substances,  which  the  articles  \ised  as  food  may  have  received  from 
various  external  sources,  it  cannot  be  questioned  that  they  may  derive  a 
poisonous  character  fi'om  changes  taking  place  in  their  own  natui-e  and 
composition.  Thus  it  is  a  fact  very  familiar  to  German  Toxicologists,  that 
cheese,  bacon,  sausages,  and  other  articles,  may  spontaneously  xmdergo 
such  deleterious  alterations,  as  give  rise,  when  they  are  employed  as  food,  to 
all  the  symptoms  of  iiritant  poisoning,  which  may  even  pass  on  to  prodiice 
fatal  conseqiiences ;  that  siich  occun-ences  are  very  rare  in  this  country,  is 
probably  to  be  attributed  to  a  difference  in  the  mode  of  prej)aration.  This 
change  does  not  appear  to  consist  in  simple  putrescence;  for  the  effects 
which  the  cheese-poison,  sausage-poison,  &c.,  produce  on  the  animal  eco- 
nomy, are  fxr  more  potent  than  mere  putrescence  could  occasion ;  and  it 
is  supposed  by  Liebig  to  consist  in  the  generation  of  a  peculiar  ferment, 
which  the  stomach  is  not  able  to  decompose.  Similar  changes  in  ordinaiy 
flesh-meat  seem  to  be  sometimes  consequent  upon  the  previous  existence 
of  a  diseased  condition  in  the  animal  which  furnished  it.  Many  instances 
of  this  kind  have  been  recorded;  t  and  the  risk  is  quite  sufficient  to  jus- 
tify a  strict  prohibition  of  the  use  of  any  such  article. — That  meat  which 
is  simply  putrescent  is  to  be  considered  as  injurious  per  se,  when  habi- 
tually employed,  is  scarcely  a  matter  of  reasonable  doubt.  It  is  true  that 
some  nations  ai'e  in  the  habit  of  keeping  their  meat  until  it  is  tainted, 
having  a  preference  for  it  in  that  condition,  which  seems  to  have  gi-own 
out  of  the  supposed  necessity  for  thus  employing  it  (a  preference  which 
has  its  parallel  among  the  epicures  in  our  own  country,  who  consider  the 
haitt  gout  essential  to  the  perfection  of  their  venison  or  woodcock).  One 
of  the  most  remarkable  examples  of  this  kind  among  a  civilized  people,  is 
furnished  by  the  inhabitants  of  the  Faroe  islands ;  who,  according  to  the 
Report  of  Dr.  Panum,  who  has  investigated  their  Sanitary  condition,  live 
during  a  large  part  of  the  year  upon  meat  in  a  state  of  incipient  decom- 

•  The  method  of  training  employed  by  Jackson  (a  celebrated  trainer  of  prize-fighters  in 
modern  times),  as  deduced  from  his  answers  to  questions  put  to  him  by  John  Bell,  was  to 
begin  on  a  clear  foundation,  by  an  emetic  and  two  or  three  purges.  Beef  and  mutton,  the 
lean  of  fat  meat  being  preferred,  constituted  the  principal  food  ;  veal,  lamb,  and  pork  were 
said  to  be  less  digestible  ("  the  last  purges  some  men").  Fish  was  said  to  be  a  "  watery 
kind  of  diet and  is  employed  by  jockeys  who  wish  to  reduce  weight  by  sweating.  Stale 
bread  was  the  only  vegetable  food  allowed.  The  quantity  of  fluid  permitted  was  .3^  pnits 
per  diem;  but  fermented  liquors  were  strictlj^  forbidden.  Two  full  meals,  with  a  lignt 
supper,  were  usuallj'^  taken.  The  quantity  of  exercise  emploj-ed  was  vcrj'  considerable,  and 
such  ?is  few  men  of  ordinary  strength  could  endure. — This  account  corresponds  very  much 
with  that  which  Hunter  gave  of  the  North  American  Indians,  when  about  to  set  out  on  a 
long  march. 

t  See  "  Ann,  d'Hygiene,"  1829,  ii.  p.  267;  1«34,  ii.  69;  also  Taylor  in  "  Guy's  Hospital 
Reports,"  April,  184.i 
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jjositioii,  and  introduce  vast,  or  lialf-decayed  maggotty  flesh,  fowl,  or  fish, 
as  a  special  relish  at  the  end  of  a  meal.*    The  result  of  such  a  diet  is  (as 
might  be  anticipated)  a  continual  disorder  of  the  digestive  organs,  manifest- 
ing itself  especially  by  diarrhoea.  This  is  a  symptom  of  annual  occurrence 
on  the  bird-islands,  and  is  also  invariably  observed  after  a  large  '  take ' 
of  whales,  when  much  of  the  flesh  of  these  animals  necessarily  becomes 
'  rast '  before  it  is  consumed.    And  this  diarrhoea  also  complicates  the 
course  of  other  diseases,  and  even  becomes,  from  its  obstinacy  and  ex- 
hausting character,  their  most  serious  occurrence.    Moreover,  the  Faroese 
are  peculiarly  liable  to  suS'er  severely  from  epidemics,  when  these  are 
introduced  among  them;  as  was  especially  shown  in  the  epidemic  of 
Measles  investigated  by  Dr.  Panum,  which  attacked  in  the  course  of  six 
months  scarcely  less  than  6000  out  of  a  population  of  7782,  no  age  being 
spai'ed,  and  veiy  few  escaping,  save  such  as  had  suffered  from  the  malady 
in  the  epidemic  which  had  occiu-red  65  years  previously,  and  such  as 
!  maintained  a  very  rigorous  isolation.    Hence,  notwithstanding  that  the 
usuid  rate  of  mortality  is  very  low  (only  1  in  64|  annually),  it  is  obvious 
thtit  there  is  a  certain  constitutional  condition  among  them,  which  pecu- 
liarly favours  the  reception  and  propagation  of  Zymotic  poisons ;  and  it 
is  quite  conformable  to  the  principles  formerly  laid  down  (§  210),  to 
attribute  this  to  the  habitual  introduction  of  putrescent  matter  with  the 
:  food.    It  is  probable,  indeed,  that  if  it  were  not  for  the  active  lives  of  the 
:  Faroese,  and  their  habitual  exposure  to  a  low  external  temperature,  the 
I  du'ect  effects  of  their  diet  would  be  far  more  prejudicial  than  they  are ; 
i  but  a  large  part  of  these  are  probably  neutralized  by  that  activity  of 
1  resphation  which  the  habits  of  life  of  this  hardy  people  induce,  much  of 
I  the  noxious  matter  being  decomposed  and  eliminated  by  the  combustive 
j  process  (§  208).    Hence  it  may  well  be  conceived,  that  the  effects  of 
I  putrescent  food  would  be  much  more  decidedly  manifested  amongst  indi- 
\  viduals  habitually  living  in  close  ill- ventilated  apartments ;  and  although 
t  the  same  means  of  comparison  do  not  exist,  silioe  there  is  no  part  of  our 
t  town-population  habitually  subsisting  on  such  a  diet  as  that  of  the  Faroese, 
yet  there  is  no  want  of  evidence  with  regard  to  the  injurious  effects  of 
even  the  occasional  employment  of  putrescent  food,  especially  when  any 
zymotic  disease  is  epidemic,  t 

*  See  Dr.  Panum's  '  Observations  on  an  Epidemic  of  Measles  in  the  Fiiroe  Islands,'  in 
the  "Bibliothek  for  Lsegr.,"  1846;  of  which  an  analysis  is  given  in  the  "  Brit,  and  For, 
Med.-Chir.  Rev.,"  vol.  vii.  p.  4 19.— Dr.  Panum  says,  "During  the  interval  of  many  months 
that  the  flesh,  fish,  or  fowl,  is  neither  fresh,  nor  yet  wind-dried,  it  is  called  '  rast,'  a  word 
twhich  I  can  only  translate  by  half-rotten.  This  appellation  it  fully  deserves  from  the  horrible 
smell  that  it  sends  forth,  from  its  mouldy  aspect,  and  the  numerous  maggots  that  swarm  upon 
lit.  I  have  seen  a  boat's  crew  of  eight  men,  eating  with  great  relish  the  raw  flesh  of  the 
ca'aing  whale,  even  though  it  was  so  decomposed  that  the  smell  of  it  was  disagreeable  to  me 
even  in  an  open  boat,  and  the  bottom  of  the  boat  was  almost  white  with  the  maggots  that 
tfell  from  the  decaying  mass." 

+  Facts  of  this  kind  were  abundantly  furnished  during  the  last  visitation  of  Cholera.  See 
the  "  Report  of  the  General  Board  of  Health  on  the  Epidemic  Cholera  of  1848  and  1849," 
pp.  63,  64. — An  instance  of  a  very  remarkable  kind  occurred  at  Bridgwater,  towards  the 
lose  of  the  epidemic,  as  related  to  the  Author  by  Dr.  Brittan.  A  cargo  of  spoiled  oysters 
having  been  brought  to  the  town,  and  the  sale  of  them  having  been  prohibited  on  account 
af  their  putrescent  condition,  they  were  given  away  to  any  who  would  receive  them;  and 
several  children  in  a  neighbouring  school  partook  of  them  ])lontifully.  in  the  course  of  the 
following  night,  all  wlio  had  eaten  of  the  oysters  (so  far  as  Dr.  Brittan  could  ascertain)  were 
ittjicked  with  cholera  and  choleraic  diarrha'a,  and  eleven  of  the  children  died  the  next  dav. 
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410.  That  it  is  Water  which  constitutes  tiie  natural  cMuk  of  Man,  and 
that  no  other  liquid  can  supply  its  place,  is  apparent  from  what  has  been 
already  said  of  its  uses  in  the  system  (§§  74,  75) ;  and  it  is  only  uecessaiy 
here  to  remark,  that  the  purity  of  the  water  habitually  ingested  is  a  point 
of  extreme  importance,  A  very  minute  impregnation  with  lead,  for  ex- 
ample, is  quite  sufficient  to  develope  all  the  symptoms  of  chronic  lead- 
poisoning,  if  the  use  of  such  water  be  sufficiently  prolonged.  In  the  case 
formerly  referred  to  (§  89),  the  amount  of  lead  was  only  about  1  grain 
per  gallon ;  and  in  a  case  subscc[uently  published,  in  which  also  the  symp- 
toms of  lead-poisoning  were  unequivocally  developed,  the  amount  was  no 
more  than  l-9th  of  a  grain.*  So  again,  an  excess  of  the  saline  ingredients 
which  appear  to  be  innocuous  in  small  quantities,  may  produce  a  marked 
disorder  of  the  digestive  organs,  and  (through  them)  of  the  system  gener- 
ally, t  Moreover,  as  in  the  case  of  food,  the  presence  of  a  very  small 
amount  of  putrescent  matter  is  quite  sufficient  to  produce  the  most  per- 
nicious results,  when  that  matter  is  habitually  introduced  into  the  system ; 
and  these  results,  on  the  one  hand,  manifest  themselves  in  the  production 
of  certain  disorders  which  ai:)pear  distinctly  traceable  to  the  direct  action 
of  the  poison  so  introduced ;  whilst,  on  the  other,  they  become  apparent 
in  the  extraordinary  augmentation  of  the  liability  to  attacks  of  such 
zymotic  diseases  as  may  at  the  time  be  prevalent. ij; 

411.  The  various  beverages  employed  by  Man  for  the  most  pai't  consist 
of  Water  holding  solid  matters  of  different  kinds  in  solution ;  and  it  is  not 
reqiusite,  therefore,  to  bestow  any  special  attention  upon  them.  But 
the  use  of  Alcohol,  in  combination  with  water  and  with  organic  and 
saline  compounds,  in  the  various  forms  of  '  fermented  liquors,'  desei"ves 
particular  notice,  on  account  of  the  numerous  fallacies  which  are  in  vogue 
respecting  it. — In  the  first  place  it  may  be  safely  afiirmed,  that  Alcohol 
cannot  answer  any  one  of  those  impoi'tant  purposes  for  which  the  use  of 
Water  is  required  in  the  system ;  and  that,  on  the  other  hand,  it  tends  to 
antagonize  many  of  those  pm-poses,  by  its  power  of  precipitating  most  of 
the  organic  compounds,  whose  solution  in  water  is  essential  to  their  appro- 
priation by  the  living  body.  Secondly,  the  ingestion  of  Alcoholic  liquoi*8 
cannot  suj^ply  anything  which  is  essential  to  the  due  nutrition  of  the 
system ;  since  we  find  not  only  individuals,  but  whole  nations,  maintain- 
ing the  highest  vigour  and'  activity,  both  of  body  and  mind,  without  ever 

*  See  "Medical  Gazette,"  Sept.  20,  1850,  p.  518. 

+  Of  this  a  very  instructive  case  which  occurred  at  Wolverton,  has  been  published  by  Mr. 
Corfe  in  the  "  Phai'maceutical  Journal,"  July,  1848.  So  large  a  number  of  individuals  were 
there  attacked,  after  the  use  of  water  from  a  certain  well  for  some  months,  with  disorders  bearing 
a  strong  general  resemblance  to  each  other,  though  differing  in  their  subordinate  featiu-es,  and 
the  intensity  of  these  disorders  bore  such  a  constant  ratio  to  the  amount  of  the  saline  waters 
habitually  employed,  that  no  reasonable  doubt  could  exist  with  respect  to  its  causative 
agency.  Yet  the  total  quantity  of  saline  matter  was  only  about  40  grains  per  gallon,  or  but 
little  more  than  one-sixth  of  that  which  is  contained  in  the  Marienbad  water,  the  spa  to 
which  it  presented  the  greatest  resemblance  in  the  combination  of  its  components ;  and  as  the 
symptoms  which  were  prevalent  at  Wolverton  bore  a  very  close  correspondence  with  those 
whicli  are  known  to  result  from  the  imprudent  use  of  the  Marienbad  water,  it  appears  that 
here  too  the  same  effects  are  produced  by  the  long-continued  employment  of  the  weaker 
beverage,  as  by  a  much  smaller  number  of  doses  of  the  stronger  one. 

%  For  ample  evidence  to  tliis  effect,  see  Dr.  Pereii-a's  "Treatise  on  Food  and  Diet, 
pp.  89-91  ;  and  the  "Report  of  the  General  Board  of  Health  on  the  Epidemic  Cholera  of 
1848  and  1849,"  pp.  59-03,  "  J\ppcndix  a,"  p.  14,  and  "  Appendix  u,"  pp.  91-95. 
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employing  tlicm  as  an  article  of  diet.  Thirdly,  there  is  no  reason  to 
believe  that  Alcohol,  in  any  of  its  forms,  can  become  directly  subservient 
to  the  Nutrition  of  the  tissues  \  for  it  may  be  certainly  affirmed  that,  in 
common  with  non-azotized  substances  in  general,  it  is  incapable  of  trans- 
formation into  Albuminous  compounds ;  and  there  is  no  sufficient  evidence 
that  even  Fatty  matters  can  be  generated  in  the  body  at  its  expense.* 
Fourthly,  the  alimentary  value  of  Alcohol  consists  merely  in  its  power  of 
contributing  to  the  production  of  Heat,  by  aflFording  a  pabulum  for  the 
respiratory  process;  but  for  this  purpose  it  would  be  pronounced  on 
Chemical  gi-ounds  alone  to  be  inferior  to  fat  (§  401);  and  the  result  of 
the  experience  of  Ai'ctic  voyagers  and  travellers  is  most  decided  in  re- 
gard to  the  low  value  of  Alcohol  as  a  heat-producing  material. — Fifthly, 
the  operation  of  Alcohol  upon  the  living  body  is  essentially  that  of  a 
stimulus ;  increasing  for  a  time,  like  other  stimuh,  the  vital  activity  of 
the  body,  and  especially  that  of  the  nervo-musoular  apparatus,  so  that  a 
greater  effect  may  often  be  produced  in  a  given  time  under  its  use,  than 
can  be  obtained  without  it ;  but  being  followed  by  a  corresponding 
depression  of  power,  which  is  the  more  prolonged  and  severe  in  propor- 
tion as  the  previous  excitement  has  been  greater.  Nothing,  therefore,  is 
in  the  end  gained  by  their  use;  which  is  only  justifiable  where  some 
temporaiy  emergency  can  only  be  met  by  a  temporary  augmentation  of 
power,  even  at  the  expense  of  an  increased  amount  of  subsequent  depres- 
sion ;  or  where  (as  in  the  case  of  some  individuals  whose  digestive  power 
is  deficient)  it  affords  aid  in  the  introduction  of  aliment  into  the  system, 
which  nothing  else  can  so  well  supply.  These  cases,  however,  will  be  less 
numerous,  in  proportion  as  due  attention  is  paid  to  other  means  of  pro- 
moting health,  which  are  more  in  accordance  with  Nature. — The  Physio- 
logical objections  to  the  habitual  use  of  even  small  quantities  of  Alcoholic 
Hquors,  rest  upon  the  following  grounds.  First,  they  are  universally 
admitted  to  possess  a  poisonous  character,  when  administered  in  large 
doses ;  death  being  the  speedy  result,  througli  the  suspension  of  nervous 
power  which  their  introduction  into  the  circulation,  in  sufficient  quantity, 
■  is  certain  to  induce. — Secondly,  when  habitually  used  in  excessive  quanti- 
ties, universal  experience  shows  that  AlcohoHc  hquors  tend  to  produce  a 
morbid  condition  of  the  body  at  large,  and  especially  of  the  nervous 
system  ;  this  condition  being  such  as  a  knowledge  of  its  modus  operandi 
on  the  body  would  lead  the  Physiologist  to  predicate. — Thirdly,  the 
frequent  occun-ence  of  more  chronic  diseases  of  the  same  character,  among 
persons  advanced  in  life  who  have  habitually  made  use  of  Alcoholic  liquors 
in  'moderate'  amount,  affords  a  strong  probabihty  that  they  result  from 
p.  gradual  perversion  of  the  nutritive  processes,  of  which  that  habit  is  the 
ause. — Fourthly,  the  special  liability  of  the  intemperate  to  zymotic 
diseases,  indicates  that  the  habitual  ingestion  of  alcoholic  liquors  tends 
to  prevent  the  due  ehmination  of  the  products  of  the  disintegration  of 

It  is  quite  true  that  some  persons  who  consume  large  quantities  of  fermented  liquors 
ecome  very  fat ;  but  the  material  for  this  fat  is  probably  derived  in  part  from  the  consti- 
tuents of  the  food,  and  in  part  from  the  disintegration  of  tlie  tissues  ;  the  liydrocarbonaceous 
Batters  in  tlie  system  being  prevented  from  undergoing  the  combustive  process  to  wiiicli  tliey 
ould  otherwise  be  subject,  by  the  superior  aflinity  for  o.xygeu  which  Alcoiiol  possesses. 
MLuch  of  tlio  fatty  deposit  in  intemperate  persons  has  the  character  of  'fatty  degeneration  "' 
he  tendency  to  which  is  very  marked  in  persons  of  this  class.  ' 
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the  system,  and  thus  to  induce  a  '  fermentible'  condition  of  the  blood 
(§  210).  Fifthly,  extended  experience  has  shown  that  notwithstanding 
the  temporary  augmentation  of  power  which  may  result  from  the  occa- 
sional use  of  fermented  liquors,  the  capacity  for  prolonged  endurance  of 
mental  or  bodily  labour,  and  for  resisting  the  extremes  of  heat  and  cold, 
as  well  as  other  depressing  agencies,  is  diminished  rather  than  increased 
by  their  habitual  employment. — On  these  grounds,  the  Author  has  felt 
himself  fully  justified  in  the  conclusion,  that,  for  Physiological  reasons 
alone,  habitual  abstinence  from  Alcoholic  hquors  is  the  best  rule  that  can 
be  laid  down  for  the  great  majority  of  healthy  individuals;  the  excep- 
tional cases  in  which  any  real  benefit  can  be  derived  fit'om  their  use, 
being  extremely  few.* 

2.  Of  Hunger  and  Thirst; — Starvation. 

412.  The  want  of  solid  aliment,  arising  out  of  the  several  sources  of 
demand  formerly  enumerated  (§§  374-6),  is  indicated  by  the  sensation  of 
Hunger ;  and  that  of  liquid  by  Thirst.  The  former  of  these  sensations  is 
referred  to  the  stomach,  and  the  latter  to  the  fauces ;  but  although  certain 
conditions  of  these  parts  may  be  the  immediate  cause  of  the  sensations  in 
question,  they  are  really  indicative  of  the  requirements  of  the  system  at 
lai'ge.  For  the  intensity  of  the  feelings  bears  no  constant  relation  to  the 
amount  of  solid  or  liquid  aliment  in  the  stomach;  whilst,  on  the  other 
hand,  it  does  correspond  with  the  excess  of  demand  in  the  system,  over  the 
supply  aflbi'dcd  by  the  blood ;  and  it  is  caused  to  abate  by  the  introduction 
of  the  requisite  materials  into  the  circulating  fluid,  even  thoiigh  this  be 
not  accomplished  in  the  usual  manner  by  the  ingestion  of  food  or  diiuk 
into  the  stomach. 

413.  That  the  sense  of  Hunger,  however,  is  immediately  dependent 
upon  some  condition  of  the  Stomach,  seems  to  follow  fi-om  the  fact,  that 
it  may  be  temporarily  alleviated,  by  introducing  into  the  digestive  Cavity 
matter  which  is  not  alimentary.  Of  the  precise  nature  of  that  condition, 
however,  we  have  no  certain  knowledge.  It  is  easy  to  prove  that  many 
of  the  causes  which  have  been  assigned  for  the  sensation,  are  but  little,  if 
at  all,  concerned  in  producing  it.  Thus,  mere  emptiness  of  the  Stomach 
cannot  occasion  it;  since,  if  the  previous  meal  have  been  ample,  the  food 
passes  from  its  cavity  some  time  before  the  imeasy  feeling  is  renewed; 
and  this  emptiness  may  continue  (in  certain  disordered  states  of  the 
system)  for  many  hom'S  or  even  days,  without  a  return  of  desu'e  for  food. 
Besides,  the  stomach  may  be  filled  with  food,  and  yet  Hunger  may  be 
intensely  felt,  if,  from  disease  of  the  pylorus  or  any  other  cause,  there  be  an 
obstacle  to  the  passage  of  the  aliment  into  the  intestine,  and  to  the  com- 
pletion of  the  processes  of  chylification  and  absorption,  so  that  the  system 
needs  that  which  the  digestive  apparatus  is  unable  to  provide  for  it. 
Again,  the  sense  of  Hunger  cannot  be  due,  as  some  have  supposed,  to  the 
action  of  the  gastric  fluid  upon  the  coats  of  the  stomach  themselves ;  since 
this  fluid  is  not  jDoured  into  the  stomach,  except  when  the  production  of 
it  is  stimulated  by  the  irritation  of  its  secreting  foUicles.    It  is  thought 

"  See  his  Prize  Essay  "  On  the  Use  and  Abuse  of  Alcoholic  Liquors  in  Health  and  Dis- 
ease also  the  important  Treatise  on  "  Alcoholisnius  Chronicus"  by  Dr.  Huss  of  Stockholm, 
of  which  an  abstract  is  given  in  the  "  Brit,  and  For.  Med.-Chir.  Rev.,"  vols.  vii.  and  ix. 
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IV  Dr.  Beaumont,  that  the  distension  of  these  follicles  with  the  secreted 
add  is  the  proximate  cause  of  hmiger;  but  there  is  no  more  reason  to 
teheve,  that  the  secretion  of  gastric  fluid  is  accumulating  during  the 
iitei-vals  when  it  is  not  required,  than  there  is  in  regard  to  saliva,  the 
ichrymal  fluid,  or  any  other  secretions,  which  are  occasionally  poured 
ut  in  large  quantities  under  the  influence  of  a  particular  stimulus ;  and, 
iioreover,  it  is  difficult  to  imagine  how  mental  emotion,  or  any  impression 
uu  the  nervous  system  alone  (which  is  able,  as  is  well  known,  to  dissipate 
Is-he  keenest  appetite  in  a  moment),  can  relieve  such  distension. — It  may, 
I  lerhaps,  be  a  more  probable  supposition,  that  there  is  a  certain  condition 
j|r-f  the  Capillary  circulation  in  the  Stomach,  which  is  preparatory  to  the 
ecretion,  and  which  is  excited  by  the  influence  of  the  Sympathetic  nerves, 
,  hat  commimicate  (as  it  were)  the  wants  of  the  general  system.  This 
i  ondition  may  be  easily  imagined  to  be  the  proximate  cause  of  the  sensa- 
ion  of  himger,  by  acting  on  the  nervous  centres.*    When  food  is  intro- 
iiluced  into  the  stomach,  the  act  of  secretion  is  directly  excited;  the 
kjapillaiy  vessels  are  gradually  unloaded;  and  the  immediate  cause  of  the 
ampression  on  the  nervous  system  is  withdi-awn.t    By  the  conversion  of 
tihe  ahmentary  matter  into  materials  fit  for  the  nutrition  of  the  system, 
,  he  remote  demand  also  is  satisfied ;  and  thus  it  is,  that  the  condition  of 
!ie  stomach  just  referred-to,  is  permanently  relieved  by  the  ingestion  of 

Iubstances  that  can  serve  as  food.  But  if  the  ingested  matter  be  not  of 
r  kind  capable  of  solution  and  assimilation,  or  the  digestive  apparatus 
:annot  efloct  its  preparation,  the  feeling  of  hunger  is  only  temporarily 
Ueved,  and  soon  retm-ns  in  greater  force  than  before. — The  theory  here 
I  ven  seems  reconcilable  with  all  that  has  been  said  of  the  conditions  of 
le  sense  of  Hmiger;  and  particularly  with  what  is  known  of  the  effect 
)duced  upon  it  by  nervous  impressions,  which  have  a  peculiar  influence 
pon  the  capillary  cu-culation.  It  also  corresponds  exactly  with  what  we 
now  of  the  influence  of  the  nervous  system,  and  of  mental  impressions, 
[)on  other  secretions  (chap,  xiv.,  sect.  6).        •  - 

414.  The  sense  of  Hunger,  like  other  sensations,  may  not  be  taken 
.ognizance  of  by  the  Mind,  if  its  attention  be  strongly  directed  towards 
ther  objects;  of  this  fact,  almost  every  one  engaged  in  active  occupa- 
i.ons,  whether  mental  or  bodily,  is  occasionally  conscious.    The  nocturnal 

•  It  was  maintained  by  Brachet,  that  the  senses  of  Hunger  and  Satiety  are  annihilated  by 
jction  of  the  Pncumogastric  nerves ;  which,  if  true,  would  strongly  confirm  the  view  that 
le  immediate  source  of  these  senses  lies  in  the  condition  of  the  Stomach.    But  the  researches 
>if  other  experimenters,  particularly  those  of  Dr.  .John  Reid  ("  Edinb.  Med.  and  Surg.  Journ.," 
r.pril,  IWAd,  and  "Physiological,  Anatomical,  and  Pathological  Researches,"  pp.  234-239), 
•0  not  confirm  this  view;  for  they  seem  to  show  that  after  the  immediate  eflfect  of  the  opera- 
I'on  has  subsided,  animals  take  food  with  no  less  avidity  than  previously.    It  appears 
»owever,  from  Dr.  Reid's  observations,  as  well  as  from  those  of  Valentin,  that  the  sense  of 
itiety  is  more  dependent  upon  the  continuity  of  these  nerves  than  that  of  Hunger  ;  for 
limals  on  whom  the  section  of  the  Pneumogastric  has  been  performed,  do  not  seem  to  know 
hen  they  have  had  enough,  but  continue  to  gorge  themselves  with  food  lono-  after  the 
imach  has  been  adequately  filled. 

t  These  views  are  confirmed  by  the  observations  of  M.  Bernard  on  the  condition  of  the 

trie  follicles  during  the  intervals  of  their  functional  tictivity.  He  states  that  when  the 
-iiiach  is  empty,  the  follicles  are  lined  by  cylindrical  epithelium  of  the  same  kind  as  that 
liich  covers  the  general  surface  of  the  gastric  mucous  membrane  ;  and  this  even  blocks  lip 

•ir  orifices,  so  that  during  fasting  these  appear  as  minute  slightly  prominent  papillaj  The 
trie  fluid  is  contjiined  in  newly-formed  cells,  wliich  are  rapidly  generated  and  thrown  ofT' 

i«m  the  secreting  process  is  called  into  renewed  activity.    ("Gaz.  Med.,"  Mars  1844)  ' 
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Btiideut,  who  takes  a  light  and  early  evening  meal,  and,  after  devoting 
himself  to  his  pursuits  for  several  hours  uninterru])tedly,  retires  to  rest 
with  a  wearied  head  and  an  empty  stomach,  but  without  the  least  sensa- 
tion of  hunger,  is  frequently  prevented  from  sleeping  by  an  indescribable 
feehng  of  restlessness  and  deficiency ;  and  the  introduction  of  a  small 
quantity  of  food  into  the  stomach  will  almost  instantaneously  allay  this, 
and  procure  comfortable  rest.  Many  persons,  again,  who  desire  to  take 
active  exercise  before  breakfast,  are  prevented  from  doing  so  by  the  lassi- 
tude and  even  faintness  which  it  induces, — the  bodily  exercise  increasing 
the  demand  for  food,  whilst  it  draws  off  the  attention  from  the  sensation 
of  hunger.  * 

415.  The  conditions  of  the  sense  of  Thirst  appear  to  be  veiy  analogous 
to  those  of  hunger.  This  sense  is  not  referred,  however,  to  the  stomach, 
but  to  the  fauces.  It  is  generally  considered  that  it  immediately  results 
from  an  impression  on  the  nerves  of  the  stomach ;  since,  if  liquids  are 
introduced  into  the  stomach  through  an  cosophagus-tube,  they  are  just  as 
etfectual  in  allaying  thirst,  as  they  are  if  swallowed  in  the  ordinaiy  manner. 
It  may,  however,  be  doubted  whether  the  sense  of  thirst  is  not  even  more 
immediately  connected  with  the  state  of  the  general  system,  than  that  of 
hunger;  for  the  immediate  i-elief  afforded  by  the  introduction  of  hquid 
into  the  stomach  is  fully  accounted  for,  by  the  instantaneoiis  absorption 
of  the  fluid  into  the  veins,  which  is  known  to  take  place,  when  there  is  a 
demand  for  it,  not  only  from  Dr.  Beaumont's  observations,  but  from  many 
experiments  made  with  reference  to  this  particular  question.  This  demand 
is  increased  with  almost  equal  rapidity,  by  an  excess  in  the  amount  of  the 
fluid  excretions  \  and  it  may  be  sjitisfied,  or  at  least  alleviated,  without  the 
introduction  of  water  into  the  stomach,  this  having  been  one  of  the  results 
observed  after  the  use  of  saline  injections  into  the  veins  in  cases  of  Asiatic 
Cholera,  as  well  as  after  the  immersion  in  a  warm  bath  in  cases  of  extreme 
dysphagia.  Thirst  may  also  be  produced,  however,  by  the  impression 
made  by  pecuhar  kinds  of  food  or  diink  upon  the  walls  of  the  ahmeutaiy 
canal;  thus  salted  or  highly-spiced  meat,  fermented  liquors  when  too 
little  diluted,  and  other  similarly  ii-ritating  agents,  excite  thirst ;  the  pur- 
pose of  which  is  obviously  to  cause  ingestion  of  fluid,  by  which  they  may 
be  diluted. 

*  The  Author  may  be  excused  from  mentioning  the  following  circumstance,  which  some 
years  ago  occurred  to  himself ;  and  which  seems  to  him  a  good  illustration  of  the  principle, 
that  the  sense  of  hunger  orkjinaks  in  tlie  condition  of  the  general  system,  and  that  its  mam- 
fcstution  through  a  peculiar  action  in  the  stomach,  is  to  be  regarded  as  a  secondary  phenomenon, 
— adapted,  under  ordinary  circumstances,  to  arouse  the  mind  to  the  actions  necessary  for  the 
supply  of  the  physical  wants,—  but  capable  of  being  overlooked,  if  the  attention  of  tlie  mind 
be  otherwise  directed.  He  was  walking  alone  through  a  beautiful  country,  and  with  much 
to  occupy  his  mind;  and,  having  expected  to  meet  with  some  opportmiity  of  obtainmg 
refreshment  on  his  road,  he  had  taken  uo  food  since  his  breakhist.  This  expectation,  how- 
ever, was  not  fulfilled ;  but,  as  he  felt  no  hunger,  he  thought  little  of  the  disappointment. 
It  was  evening  before  he  approached  the  place  of  his  destination,  after  having  \yalked  about 
twenty  miles,  resting  frequently  by  the  way ;  and  he  then  began  to  feel  a  peculiar  lassituQ^ 
different  from  ordinary  fatigue,  which  rapidly  increased,  so  that  during  the  last  mile  he  could 
scarcely  support  himself.  The  "  stimulus  of  necessity,"  however,  kept  him  up ;  but  ott 
arriving  at  his  temporary  home,  he  immediately  fainted.  It  is  obvious  that,  in  this  case,  the 
occupation  of  tlie  mind  on  the  objects  around,  and  on  its  own  thoughts,  liad  prevented  tne 
usual  warning  of  hunger  from  being  perceived  ;  and  the  effect  wliicii  succeeded  was  •^-'^'^Y) 
what  was  to  be  anticipated,  from  the  exliaustion  of  the  supply  of  food  occasioned  by  tue 
active  and  prolonged  exertion. 
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410.  The  results  of  aai  entire  deficiency  of  Food,  or  of  its  supply  in  a 
neasure  inadequate  for  the  wants  of  the  system,  constitute  the  phenomena 
.f  Inanition  or  Starvation.    These  have  been  experimentally  studied  by 
A.  Chossat"'  on  Birds  and  Mammals;  and  the  information  thence  gained 
•ads  us  to  a  better  comprehension  of  what  is  (unfortunately)  too  fre- 
iiently  exhibited  in  the  Human  subject. — The  following  were  the  general 
ymptoms  noted  by  M.  Chossat.  The  animals  usually  remain  calm  dming 
he  fii-st  half  or  two-thirds  of  the  period;  but  they  then  become  more  or 
^3ss  agitated ;  and  this  state  continues  as  long  as  their  temperatm-e  remains 
levated.  On  the  last  day  of  life,  however,  whilst  the  temperature  rapidly 
I  ils,  this  restlessness  ceases,  and  gives  place  to  a  state  of  stupor.  The 
.nimal,  when  set  at  liberty,  sometimes  looks  round  with  astonishment, 
.'ithout  attempting  to  fly ;  and  sometimes  closes  the  eyes,  as  if  in  a  state 
f  sleep.    Gradually  the  extremities  become  cold,  and  the  limbs  so  weak 
5  no  longer  to  be  able  to  sustain  the  animal  in  a  standing  posture ;  it 
dls  over  on  one  side,  and  remains  in  any  position  in  which  it  may  be 
laced,  without  attempting  to  move.   The  respiration  becomes  slower  and 
iwer;  the  general  weakness  increases,  and  the  insensibility  becomes 
lore  profoimd;  the  pupil  dilates;  and  life  becomes  extinct,  sometimes  in 
calm  and  tranquil  manner,  sometimes  after  convulsive  actions  produc- 
opisthotouic  rigidity  of  the  body.    After  the  first  day,  in  which  the 
jces  contain  tlie  residue  of  the  food  previously  taken,  their  amount  is 
ny  small ;  and  they  seem  to  consist  principally  of  grass-gi'een  biliary 
latter.    Towards  the  close  of  life,  they  contain  a  much  larger  quantity 
'  water,  even  when  none  has  been  ingested  by  the  animal ;  and  include 
'ich  saline  matter  in  addition  to  the  biliary. — The  average  loss  of  weight 
the  WcU-m-blooded  animals  experimented-on  by  M.  Chossat,  between  the 
■mmeucement  of  the  period  of  Inanition  and  its  termination  by  death, 
IS  40  per  cent;  but  he  met  with  a  considerable  variation  in  the  ex- 
•mes,  which  seemed  to  depend  chiefly  on  the  amount  of  fat  previously 
cumulated  in  the  body;  those  animals  losing  most  weight,  in  w^hich  the 
t  had  been  most  abundant,  which  were  also  those  that  lived  the  long- 
t.t    Taking  40  per  cent  as  the  mean,  M.  Chossat  obtained  the  following 
irious  results,  as  regards  the  relative  diminution  of  the  several  tissues 
id  organs  of  the  body;  those  which  lost  more  than  the  mean,  being  dis- 


ucruished  from  those  which  lost  less. 


Farts  which  lose  more  than  40  per  cent. 

It  ....  93-3 

00(1  ....  75-0 

...  71*4 

64-1 
.  52-0 


'een 
ncreas 
y  er 
uirt  . 
testines  . 

iscles  of  Locomotion 


44-8 
42-4 
42-3 


Parts  which  lose  less  than  40  per  cent. 

Muscular  coat  of  stomach  .          .  .39-7 

Pharynx  and  oesophagus  .  M'2 

Skin         .          .  .          .  33.3 

Kidneys           .          .  .  31-9 

Respiratory  apparatus  .          .  22*2 

Osseous  system            .  .           ]  g-y 

Eyes         .          .  .          .  10-0 

Nervous  system          .  .  j-g 


'  ■■  Recherches  Exp^rimen tales  sur  I'Inanition,"  Paris,  1843. 

t  There  is  a  well-known  case  of  a  fat  pig,  which  was  buried  in  its  sty  for  160  days,  under 
rty  feet  of  the  chalk  of  Dover  cliff ;  and  which  was  dug  out  alive  at  the  end  of  that  time, 
uced  in  weight  from  KJO  lbs.  to  40  lbs.,  or  no  less  than  75  per  cent.  ("Trans,  of  Linn, 
c,"  vol.  xi.  p.  41 1).  The  extraordinary  prolongation  of  life  in  this  case  may  be  attributed 
llic  retention  of  tlie  liail  of  the  body  l)y  the  non-conducting  power  of  the  chalk;  and  to  the 
untion  of  its  moisture  by  the  saturation  of  the  air  in  its  immediate  vicinity. 
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The  points  most  worthy  of  uote  in  the  above  table,  are  the  almost  com- 
plete removal  of  the  fat,  and  the  reduction  of  the  hlood  to  three-fourths 
its  normal  amount;  whilst  the  nervous  system  undergoes  scarcely  any 
loss.  It  would  seem,  in  fact,  as  if  the  supervention  of  death  was  coinci- 
dent with  the  consumption  of  all  the  disposable  combustive  material ;  and 
that  up  to  that  point,  the  whole  remaining  energy  of  nutrition  is  concen- 
trated upon  the  nervous  system.  And  it  will  be  shown  hereafter  (chap. 
XIII.),  that  there  is  adequate  ground  for  considering  death  by  starvation 
as  really  death  by  cold;  since  the  temperature  of  the  body  is  maintained 
with  little  diminution  until  the  fat  is  thus  consumed,  and  then  rapidly 
falls,  unless  it  be  kept  up  by  heat  externally  applied. — As  might  be 
expected  from  what  has  been  already  said  of  the  rapidity  of  interstitial 
change  at  the  earlier  periods  of  life  (§  130),  it  was  found  by  Chossat  that 
the  diurnal  loss  was  much  the  most  rapid  in  young  animals,  and  that  the 
duration  of  their  lives  when  deprived  of  food  was  consequently  far  less 
than  that  of  adults.  He  further  ascertained  that  the  results  of  insufficient 
alimentation  were  in  the  end  the  same  as  those  of  total  deprivation  of 
food ;  the  total  amount  of  loss  being  almost  exactly  identical,  but  its  rate 
being  less,  so  that  a  longer  time  was  required  to  produce  it.  He  did  not 
find  that  much  influence  was  exerted  on  the  duration  of  life,  by  permit- 
ting or  withdrawing  the  supply  of  water;  but  this  statement  does  not 
apply  to  Man,  in  whom  death  supervenes  much  earlier  when  liquid  as  well 
as  solid  aliment  is  withheld ;  and  the  indifference  in  the  case  of  Birds  is 
probably  due  to  the  fact  that  they  ordinarily  drink  very  sparingly,  and 
eliminate  very  little  water  in  the  various  excretions. 

417.  The  most  prominent  symptoms  of  Starvation,  as  they  have  been 
noted  in  the  Human  subject,  are  as  follows : — In  the  first  place,  severe 
pain  in  the  epigastrium^  which  is  relieved  on  pressure ;  this  subsides  after 
a  day  or  two,  but  is  succeeded  by  a  feeling  of  weakness  and  'sinking'  in 
the  same  region ;  and  an  insatiable  thirst  sujDervenes,  which,  if  water  be 
withheld,  thenceforth  becomes  the  most  distressing  symptom.  The  coun- 
tenance becomes  pale  and  cadaverous;  the  eyes  acquire  a  pecuHai*  wild 
and  glistening  stare;  and  general  emaciation  soon  manifests  itself.  The 
body  then  exhales  a  peculiar  foetor,  and  the  skin  is  covered  with  a  brown- 
ish, dirty- looking,  and  offensive  secretion.  The  bodily  strength  rapidly 
declines ;  the  sufferer  totters  in  walking,  his  voice  becomes  weak,  and  be 
is  incapable  of  the  least  exertion.  The  mental  powers  exhibit  a  similar 
prostration ;  at  first  there  is  usually  a  state  of  stupidity,  which  gradually 
increases  to  imbecility,  so  that  it  is  diflicult  to  induce  the  sufferer  to  make 
any  effort  for  his  own  benefit ;  and  on  this  a  state  of  maniacal  delirium 
frequently  supervenes.  Life  terminates  either  in  the  mode  described  m 
Chossat's  observations,  or,  as  occasionally  happens,  in  a  convulsive  par- 
oxysm.*— On  post-mortem  examination,  the  condition  of  the  body  is  found 
to  be  such  as  the  results  of  Chossat's  obervations  would  indicate ;  namely, 
extreme  general  emaciation  and  disappearance  of  fat,  diminution  in  the 
bulk  of  the  principal  viscera,  and  almost  complete  bloodlessness,  save  m 
the  brain,  which  still  receives  its  usual  supply.  It  is  specially  worthy 
of  note,  that  the  coats  of  the  smaU  intestines  are  peculiarly  thiuued 


*  See  Rostan  in  "Diction,  de  Medecine,"  art.  '  Abstinence  and  Dr.  DonovJiu's  acd 
of  the  Irish  lamine  of  lo47  in  the  "Dublin  Medical  Press,"  Feb.,  1848. 
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'Donovan,  loc.  cit.),  so  that  they  become  ahnost  transparent ;  and  that 
:he  gall-bladder  is  almost  invariably  turgid  with  bile,  the  cadaveric 
exudation  of  which  tinges  the  sun'ovmding  parts.  And  fiu-ther,  the 
Dody  rapidly  passes  into  decomposition. 

418.  Now  it  is  peculiarly  worthy  of  note,  that  the  deficient  supply  of 
aew  histogenetic  materials  appears  to  check  the  elimination  and  removal 
)f  those  which  have  become  effete;  for  in  no  other  way  can  we  account 
or  that  tendency  to  putrescence,  which  is  so  remarkably  manifested 
hu-ing  life  in  the  foetid  exhalation  and  in  the  peculiar  secretion  from  the 
kin,  and  which  is  shown  after  death  in  the  rapidity  with  which  putrefac- 
ion  supervenes.  Moreover,  towards  the  close  of  many  exhausting  dis- 
ases,  the  fatal  termination  of  which  is  really  due  to  a  chronic  inanition, 
t  frequently  happens  that  a  '  colliquative  diarrhoea '  comes  on,  which 
nust  be  considered  as  a  manifestation  of  the  general  disintegration  that 
s  making  progress  even  diu'ing  life. — Now  referring  to  the  conditions 
bi-merly  enumerated  (§21 0),  as  those  which  favom-  the  operation  of  zymo- 
■-ic  poisons  in  the  body,  it  is  obvious  that  no  state  could  be  more  liable  to 
t  than  this ;  since  we  have  not  merely  that  general  depression  of  the  vital 
■lowers  which  is  a  predisposing  cause  of  almost  any  kind  of  malady,  and 
re-eminently  so  of  zymotic  diseases;  but  also  the  presence  of  a  large 
moimt  of  disintegrating  matter  in  the  blood  and  general  system,  which 
^i-ms  the  most  favourable  nidus  possible  for  the  recejDtion  and  multiplica  • 
ion  of  such  poisons.  And  thus  it  happens  that  pestilential  diseases  most 
ertainly  follow  in  the  wake  of  a  famine,  and  carry  off  a  far  greater 
umber  than  perish  from  actual  starvation. 

419.  Another  class  of  phenomena,  however,  results  from  such  a  defi- 
iency  of  alimentation  as  is  not  adequate  to  produce  the  results  just  de- 
oribed ;  provided  this  deficiency  be  prolonged  for  a  considerable  length  of 
ime,  and  especially  if  it  be  conjoined  with  other  unfavourable  conditions, 
'f  this  a  remarkable  example  was  presented  at  the  Milbank  Penitentiary 

1  1823.  The  prisoners  confined  in  this  estaWishment,  who  had  pre- 
iously  received  an  allowance  of  ft-om  31  to  33  oz.  of  diy  nutriment 
.lily,  had  this  allowance  suddenly  reduced  to  21  oz.,  animal  food  being 
t  the  same  time  almost  entirely  excluded.  They  were  at  the  same  time 
ibjected  to  a  low  gi-ade  of  temperatiu^e,  and  to  considerable  exertion ; 
lid  were  confined  within  the  walls  of  a  prison  situated  in  the  midst  of  a 
larsh  which  is  below  the  level  of  the  adjoining  river.  The  prison  had 
een  previously  considered  healthy ;  but  in  the  course  of  a  few  months, 
le  health  of  a  large  proportion  of  the  inmates  began  to  give  way,  TJie 
'■st  symptoms  were  loss  of  colom-,  and  diminution  of  flesh  and  strength; 
ibsequently  diarrhoea,  dysentery,  and  scmwy ;  and  lastly  adynamic  fevers, 
1-  headache,  vertigo,  conviilsions,  maniacal  delirium,  apoplexy,  &c.  The 
iiallest  loss  of  blood  produced  syncope,  which  was  frequently  fatal ;  and 
ter  defith,  ulceration  of  the  mucous  lining  of  the  alimentary  canal  was 
n-y- commonly  found.     Out  of  860  prisoners,  no  fewer  than  437,  or 

2  per  cent,  were  thus  affected.  '  The  influence  of  con  cm-rent  conditions, 
pecially  of  previous  confinement,  was  here  remarkably  shown;  for  those 
ere  found  to  be  most  liable  to  disease,  who  had  been  in  prison  the  lono-- 
t.    That  the  reduction  of  the  allowance  of  food,  however,  was  the  main 

'urce  of  the  epidemic,  was  proved  by  the  two  following  facts:  the 

risoners  employed  in  the  kitchen,  who  had  8  oz.  of  bread  additional  per 
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day,  were  not  attacked,  except  three  wlio  had  oidy  been  tlierc  a  few  days : 
and  after  the  epidemic  had  spread  to  a  gi-eat  extent,  it  was  found  4-,hat  the 
addition  of  8  oz.  to  the  daily  allowance  of  vegetable  food,  and  ^  oz.  to  the 
animal,  greatly  facilitated  the  operation  of  the  remedies  which  were  tised 
for  the  restoration  of  health.* — Another  very  striking  example  of  the 
effects  of  prolonged  insufficiency  of  diet,  has  been  furnished  by  the 
"Maison  Centrale"  of  Nimes;  which  is  a  large  penitentiaiy  containing 
an  average  of  1200  prisoners.  The  mortality  in  this  prison,  between  the 
years  1829  and  1847,  varied  from  1  in  7-85  to  1  in  23-88,  the  average 
being  1  in  12-70;  whilst  the  average  mortality  among  the  inhabitants  of 
the  town  of  Nimes,  of  the  same  age  and  sex,  was  only  1  in  49-9 ;  so  that 
the  mortality  among  the  prisoners  was  from  two  to  six  times  as  gi'eat  as 
that  among  the  townspeople,  the  average  being  nearly /bzi?^  times.  Several 
causes  doubtless  concurred  to  produce  this  terrible  result;  but  whilst 
over-crowding  and  deficient  vcutiliition  were  constant,  deficiency  of  food, 
amoiuit  of  labour  exacted,  and  depression  of  temperature  were  variable; 
and  the  variations  in  the  rate  of  mortality  followed  these  last  so  uni- 
formly, that  thei'e  could  be  no  doubt  of  their  dependence  upon  them.t 

420.  It  is  a  curious  effect  of  insufficient  nutriment,  as  shown  by  the 
inquiries  of  Chossat  (Oj).  cit.),  that  it  produces  an  incapability  of  chgesting 
even  the  limited  amount  supplied.  He  found  that,  when  turtle-doves 
were  supplied  with  limited  quantities  of  corn,  but  with  water  at  discre- 
tion, the  whole  amount  of  food  taken  was  scarcely  ever  actually  digested ; 
a  part  of  it  being  rejected  by  vomiting,  or  passing  off  by  diai'rhoea,  or 
accumulating  in  the  crop.  It  seems  as  if  the  vital  powers  were  not  suffi- 
cient to  furnish  the  requisite  siqiply  of  g-astric  fluid,  when  the  body  began 
to  be  enfeebled  by  insufficient  nutrition;  or  perhaps  we  might  well  say, 
the  materials  of  the  gastric  fluid  were  wanting. — Hence  the  loathing  of 
food,  which  is  often  manifested  by  those  who  have  been  subjected  to  the 
influence  of  an  insufficient  diet-scale  in  our  prisons  and  poor-houses,  and 
which  has  been  set  down  to  caprice  or  obstinacy,  and  j)unished  accordingly, 
may  be  actually  a  proof  of  the  deficiency  of  the  supply,  which  we  might 
expect  to  have  been  voraciously  devoured,  if  really  less  than  the  wants  of 
the  system  i-equire. 

421.  It  is  extremely  imiDortant  that  the  Medical  Practitioner  should 
be  aware,  that  many  of  the  phenomena  above  described  may  be  induced 
by  the  adoption  of  a  system  of  too-rigid  abstinence  in  the  treatment  of 
various  diseases;  and  that  they  have  been  frequently  confounded  mth 
the  symptoms  of  the  malady  itself,  and  have'  led  to  an  entii-ely  erroneous 
method  of  treating  it.  "  Many  cases,"  says  Dr.  Copland,  J  "  have  occurred 
to  me  in  practice,  where  the  antiphlogistic  regimen,  which  had  been  too 
rig-idly  pursued,  was  itself  the  cause  of  the  very  symptoms  which  it  was 
employed  to  remove.  Of  these,  symptoms,  the  affection  of  the  head  and 
delirium  are  the  most  remai'kablc,  and  the  most  readily  mistaken  for  an 
actual  disease  requiring  abstinence  for  its  removal." — The  experience  of 
those,  especially,  who  are  largely  engaged  in  consulting  pmctice,  must  have 
furnished  numerous  illustrations  of  the  above  statement.    Di".  Copland 

*  See  Dr.  Latham  "  On  the  Diseases  in  tlie  Milbank  Penitentiary  ;"  18'24. 
+  See  tlie  highly-instructive  account  of  this  series  of  occurrences,  by  M.  Roileau-Castehia", 
chief  physician  to  the  "  Maison  Centrale,"  in  "Ann.  d'Mygiene  Publ.,"  Janv,,  184.9. 
X  "  Dictionary  of  Practical  Medicine,"  vol.  i.  p.  2C. 
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mentions  the  following.  "  A  professional  man  had  been  seized  with  fever, 
for  whieli  ji  too  rigid  abstinence  was  enforced,  not  only  during  its  con- 
tinuance, but  also  dming  convalescence.  Delirium  had  been  present  at 
the  height  of  the  fever,  and  recurred  when  the  jDatieut  was  convalescent. 
A  physician  of  eminence  in  maniacal  cases  was  called  to  him,  and  recom- 
mended that  he  should  be  removed  to  a  private  asylum.  Before  this  was 
carried  into  effect,  I  was  requested  to  see  Mm.  A  different  treatment 
and  regimen,  with  a  gradual  increase  of  nourishment,  were  adopted ;  and 
he  was  well  in  a  few  days,  and  within  a  fortnight  returned  to  his  profes- 
sional avocations." 

422.  The  time  diu-ing  which  life  can  be  supported  under  total  absti- 
nence from  food  or  diink,  is  usually  stated  to  vary  from  8  to  1 0  days ; 
the  period  may  be  gi'eatly  prolonged,  however,  by  the  occasional  use  of 
water,  and  still  more  by  a  very  small  supply  of  food ;  or  even,  it  would 
seem,  by  a  moist  condition  of  the  surrounding  atmosphere,  which  obstructs 
the  exlialatiou  of  liquid  fi-om  the  body.  Thus  Fodere  mentions  that  some 
workmen  were  extricated  alive,  after  fourteen  days'  confinement  in  a  cold 
damp  vault,  in  which  they  had  been  buried  under  a  ruin.  Dr.  Sloan  has 
given  an  account  t  of  the  case  of  a  healthy  man  set.  65,  who  was  found 
alive  after  having  been  shut  up  in  a  coal-mine  for  twenty-three  days, 
during  the  fii'st  ten  of  which  he  was  able  to  procure  and  swallow  a  small 
quantity  .of  foul  water ;  he  was  in  a  state  of  extreme  exhaustion,  and  died 
I  three  days  aftei*wai"ds,  notwithstanding  the  attempts  made  to  recover  him. 
— It  would  seem  as  if  certain  conditions  of  the  Nervous  system,  especially 

•  those  attended  -with  peculiar  emotional  excitement,  are  favourable  to  the 
;,  prolongation  of  life  under  such  circumstances.  Thus,  in  a  case  recorded 
1  by  Dr.  Willan,  of  a  young  gentleman  who  starved  himself  under  the  influ- 
i  ence  of  a  religious  delusion,  life  was  prolonged  for  60  days;  during  the 
\  whole  of  which  time  nothing  else  was  taken  than  a  little  orange-juice. 
1  In  a  somewhat  similar  case  which  occuiTed  und^r  the  Author's  notice,  in 
t  the  person  of  a  young  French  lady,  more  than  15  days  elapsed  between 
t  the  time  that  she  ceased  to  eat  regularly,  and  the  time  of  her  being  com- 
pelled to  receive  nourishment ;  during  this  period  she  took  a  good  deal  of 
exercise,  and  her  streng-th  seemed  to  suifer  but  little,  although  she  swal- 

•  lowed  solid  food  only  once,  and  then  in  small  quantity.    Again,  in  certain 
states  of  the  system  commonly  known  as  '  hysterical,'  there  is  frequently 

i  a  very  remarkable  disposition  for  abstinence,  and  power  of  sustaining  it. 
In  a  case  of  this  kind  which  occurred  Under  the  Author's  own  observa- 
tion, a  young  lady,  who  had  just  before  suffered  severely  from  the  tetanic 
.  form  of  Hysteria,  was  unable  to  take  food  for  thi-ee  weeks.    The  slightest 
J  attempt  to  introduce  a  morsel  of  solid  matter  into  the  stomach,  occa- 
sioned violent  efforts  at  vomiting;  and  the  only  nourishment  taken  during 
Hhe  period  mentioned,  was  a  cup  of  tea  once  or  twice  a  day;  and  on  many 
sdays  not  even  this  was  swallowed.    Yet  the  strength  of  the  patient  rather 
increased  than  diminished  during  this  period ;  her  muscles  became  firmer, 
and  her  voice  more  powerful. — It  may  be  well  to  remark  that,  under  such 

*  There  Beems  adequate  evidence  that  a  state  which  maybe  characterized  as  one  of  Sytwope 
ay  be  prolonged  for  many  days  or  even  weeks,  provided  the  temperature  of  the  body  be  not 
ao  much  reduced.    This  chiss  of  facts,  however,  will  be  more  appropriately  considered  here- 
fter  (oHAi-.  XIV.,  SECT.  7). 
t  "Medical  Gazette,"  vol.  xvii.  p.  3«9. 
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circumstances,  tlie  coutinual  persuasions  of  anxious  friends  are  very  inju- 
rious to  the  patient ;  whose  return  to  her  usual  state  w^l  probably  take 
place  the  earlier,  the  more  completely  she  is  left  to  herself. 

3.  Movements  of  the  Alimentary  Canal. 

423,  The  motions  by  which  Food  is  conveyed  to  the  Mouth  and  intro- 
duced into  its  cavity,  constituting  the  acts  of  Prehension  and  Ingestion, 
are  ordinarily  considered  to  be  vohtntary,  at  least  in  the  adult ;  and  it  is 
indubitable  that  the  Will  has  entire  control  over  them.  Nevertheless, 
they  belong  to  that  class  of  '  secondarily  automatic'  movements,  whose 
chai-acter  has  been  already  noticed  (§  392) ;  and  like  the  movements  of 
locomotion,  may  be  kept  up  when  tlie  will  is  in  abeyance,  by  the  suggest- 
ing and  guiding  influence  of  sensations,  thus  being  performed  under  the 
same  essential  conditions  as  the  purely  '  consensual' or  '  sensori-motor' 
actions.*    The  necessity  of  guiding  sensations  for  their  jDerformance  is 
made  evident  by  one  of  Sir  C.  Bell's  experiments,  the  WTong  interpreta- 
tion of  whose  resiilts  originally  led  him  to  an  erroneous  view  of  the  func- 
tions of  the  Fifth  pair  of  nei-ves.    He  found  that  an  Ass,  in  which  tlie 
infi-a-orbital  branch  of  this  nerve  had  been  divided,  made  no  attempt  to 
pick  up  oats  with  its  lip,  although  the  animal  saw  them,  bent  down  its 
liead  with  the  obvious  pui-pose  of  ingesting  them,  and  brought  its  lip  into 
absohite  contact  with  them ;  hence  he  concluded  that  the  power  of  motion 
was  destroyed  in  the  lip,  when  it  was  in  reality  only  the  guiding  sensa- 
tion that  was  deficient,  the  motor  power  being  supplied  by  the  Facial 
nerve  or  Poiiiio  dura. — But  although  the  movements  concerned  in  tlie 
ingestion  of  food  in  the  adiilt  reqiiire  the  co-operation  of  the  sensorial 
centres,  this  is  not  the  case  with  the  act  of  suction  in  the  Infant,  which 
may  be  considered  as  essentially  a  respiratory  act,  and  which  is  performed 
not  merely  without  will,  but  even  without  consciousness.    The  experi- 
ments provided  for  us  by  natm-e,  in  the  production  of  Anencephalous 
monstrosities,  fully  prove  that  the  '  nervous  circle'  whereby  the  lips  and 
i'esj)iratory  organs  ai'e  connected  with  the  Medulla  Oblongata,  is  alone 
sufficient  for  its  performance ;  and  Mr.  Grainger  has  sufficiently  estab- 
lished the  same,  by  experiment  upon  puppies  whose  brain  had  been 
removed.    He  adds  that,  as  one  of  these  brainless  puppies  lay  on  its  side, 
sucking  the  finger  which  was  presented  to  its  lips,  it  pushed  out  its  feet 
in  the  same  manner  as  young  pigs  exert  theirs  against  the  sow's  dugs.+ 

*  This,  the  Author  thinks,  will  be  conformable  to  the  experience  of  most  of  his  readers  ; 
who  will  find,  if  they  analyze  their  own  consciousness,  that  they  continue  to  eat  while  their 
whole  attention  is  given  to  some  abstract  train  of  thought,  or  to  some  external  object.  But  a 
remarkable  case  will  be  cited  hereafter  (chap,  xiv.,  Sect.  7),  which  fully  confirms  the  view- 
here  advanced  ;  the  movements,  not  merely  of  the  lips  and  jawS,  but  those  by  which  food 
was  conveyed  to  the  mouth,  having  been  carried  on  mitomatically,  when  once  (so  to  speak) 
the  spring  was  touched  hj  which  they  were  set  in  action. 

f  "Observations  on  the  Structure  and  Functions  of  the  Spinal  Cord,"  pp.  80,  81. — The 
actions  of  the  mammary  foetus  of  the  Kangaroo,  described  by  Mr.  Morgan,  furnish  a  very 
interesting  exemplification  of  the  same  function  of  the  Spinal  Cord  ;  this  creature,  resembling 
an  earth-worm  in  appearance,  and  only  about  fourteen  lines  in  length,  with  a  brain  corre- 
sponding in  degree  of  development  to  that  of  a  human  foetus  of  the  ninth  week,  execute^s 
regular,  but  slow,  movements  of  respiration,  adheres  firmly  to  the  point  of  the  nipple,  and 
moves  its  limbs  when  disturbed.  The  milk  is  forced  into  the  oesophagus  by  a  compressor 
muscle,  with  which  the  mamma  of  the  parent  is  provided.    "  Can  it  be  imagined,"  very 
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The  Human  infant  or  other  young  Mammal,  however,  performs  move-" 
ments  which  are  of  a  higher  character  than  tliis ;  going  in  search,  as  it 
were,  of  the  sovu-ce  of  its  nomishment  j  towards  which  it  seems  to  be 
especially  guided  by  the  sense  of  Smell.  Such  movements  are  probably 
to  be  considered  as  '  consensual,'  and  as  deriving  their  first  stimulus  from 
the  internal  feelings  of  hunger,  whilst  their  direction  is  given  by  the 
guiding  sensation  which  indicates  the  situation  of  the  appropriate  aliment. 
That  no  such  actions  ai^e  called  into  play  by  the  same  stimuli,  after  the 
expiry  of  the  period  dm-ing  which  the  young  Mammal  is  dependent  upon 
its  maternal  parent  for  its  nourishment,  seems  to  indicate  that  the  reactive 
power  of  the  nervous  centres  on  which  they  are  dependent  is  only  tempo- 
rary, and  that  it  ceases  with  the  need  for  its  exercise ;  the  child  growing- 
out  (so  to  speak)  of  this  automatic  power,  whilst  it  g7'Ows-into  many  new 
ones, — those  especially,  which  are  connected  with  the  generative  func- 
tion. 

424.  The  food  thus  introduced  into  the  mouth,  is  subjected  (unless  it 
be  abeady  in  a  state  which  needs  no  further  reduction)  to  the  process  of 
Mastication.  This  is  evidently  an  operation  of  great  importance  in  pre- 
paring the  substances  to  be  afterwards  operated-on  for  the  action  of  their 
solvent;  and  it  exactly  corresponds  with  the  trituration  to  which  the 
Chemist  would  submit  any  soHd  matter,  that  he  might  present  it  in  the 
most  advantageous  form  to  a  digestive  menstruum.  The  complete  disin- 
tegration of  the  ahmentary  matter  is,  therefore,  of  great  consequence ; 
and,  if  imperfectly  eflFected,  the  subsequent  processes  are  liable  to  derange- 
ment. Such  derangement  we  continually  meet  with ;  for  there  is  not, 
perhaps,  a  more  frequent  source  of  Dyspepsia  than  imperfect  mastication, 
whether  resulting  from  the  haste  with  which  the  food  is  swallowed,  or 
from  the  want  of  the  instruments  proper  for  the  reducing  operation. 
The  mechanical  disintegration  of  the  food  is  manifestly  aided  by  Insaliva- 
1  tion;  but  the  admixture  of  Sahva  also  exerts,  jis  we  shall  hereafter  see 
(§  439),  a  veiy  marked  influence  on  the  chemical  composition  of  certain 
of  its  constituents. — The  movements  of  Mastication,  still  more  than  those 
already  adverted-to,  although  under  the  complete  control  of  the  Will,  and 
ori^naUy  dependent  upon  it  for  theu  excitation,  come  at  last  to  be  of  so 
habitual  a  character,  that  they  continue  when  the  direct  influence  of  the 
wiU  is  withckawn,  the  influence  of  the  '  guiding  sensation,'  however,  being 
essential  to  their  performance.^'  Every  one  is  conscious  that  the  act  of 
mastication  may  be  performed  as  weU,  when  the  mind  is  attentively 
dwelling  on  some  other  object,  as  when  directed  to  it;  but,  in  the  former 
case,  we  are  rather  apt  to  go  on  chewing  and  rechewing  what  is  already 
fit  to  be  swallowed,  simply  because  the  will  does  not  exert  itself  to  check 
the  action,  and  to  carry  the  food  backwards  within  the  reach  of  the 
muscles  of  deglutition.  This  conveyance  of  food  backwards  to-  the  fauces 
is  a  distinctly  voluntary  act ;  and  it  is  necessary  that  it  should  be  guided 
by  the  sensation,  which  there  results  from  the  contact  it  induces.    If  the 

justly  asks  Mr.  Grainger,  "that  in  this  case  there  are  sensation  and  volition,  in  what  can  be 
■'^  proved  anatomically  to  be  a  foetus  ?  " 

•  Thus,  in  the  curious  case  formerly  rcferred-to  (§  373  note),  food  can  only  be  administered 
by  carrying-back  the  spoon  containing  it,  until  it  touches  the  fauces  and  thus  excites  an  act  of 
deglutition.  Sensation  being  here  entirely  deficient,  there  is  nothing  to  excite  or  to  iruide  tl,n 
movements  of  the  muscles  of  the  mouth  and  tongue.  ^ 
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surface  of  the  pharynx  were  as  destitute  of  sensation,  as  is  the  lower  pai-t 
of  the  oesophagus,  we  should  not  know  when  we  had  done  what  was  neces- 
sary to  excite  its  muscles  to  operation. — The  muscles  concerned  in  the 
Mastication  of  food  are  nearly  all  supphed  by  the  third  branch  of  the 
Fifth  pair,  a  large  proportion  of  which  is  well  known  to  have  a  motor 
character.  Many  of  these  muscles,  especially  those  of  the  cheeks,  are 
also  supphed  by  the  Facial  nerve]  and  yet,  if  the  former  be  paralyzed, 
the  latter  cannot  stimulate  them  to  the  necessary  combined  actions. 
Hence  we  see  that  the  movements  are  of  an  associated  character,  their 
due  performance  being  dependent  on  the  part  of  the  nervous  centres, 
from  which  the  motor  influence  originates.*  If  the  Fifth  pair,  on  the 
other  hand,  be  uninjured,  whilst  the  Portio  Dura  is  paralyzed,  the  move- 
ments of  Mastication  are  jDerformed  without  difiiculty ;  whilst  those  con- 
nected in  any  way  with  the  Respiratory  function,  or  with  Expression,  ai-e 
pai-alyzed.  If,  again,  the  sensory  j)ortion  of  the  Fifth  pair  be  pai-alyzed, 
the  act  of  Mastication  is  very  imperfectly  performed,  even  though  the 
motor  power  be  not  in  the  least  impaired ;  for  the  muscles  cannot  be  made 
to  perform  the  requisite  associated  movements,  without  the  guidance  of 
sensations ;  so  that  the  morsel  lodges  between  the  teeth  and  the  cheek, 
or  beneath  the  tongue,  and  can  with  difficulty  be  kept  in  the  appropriate 
position. 

425.  When  the  reduction  of  the  food  in  the  mouth  has  been  sufficiently 
accomplished,  it  is  carried  into  the  Pharynx,  and  thence  propelled  down 
the  oesophagus  into  the  stomach,  by  a  set  of  associated  movements,  which, 
taken  together,  constitute  the  act  of  Deglutition.  These  movements  were 
first  described  in  detail  by  Magendie;  but  his  account  requhes  some 
modification,  through  the  more  recent  observations  of  Dzondi.t — The  first 
stage  in  the  process  is  the  canyiug-back  of  the  food,  until  it  has  passed 
tlie  anterior  palatine  arch ;  this,  which  is  effected  by  the  approximation 
of  the  tongue  and  the  palate,  is  a  purely  voluntary  movement.  In  the 
second  stage,  the  tongue  is  carried  still  further  backwards,  and  the  larynx 
is  drawn  forwards  under  its  root,  so  that  the  epiglottis  is  pressed-down 
over  the  rima  glottidis.  The  muscles  of  the  anterior  palatine  arch  con- 
tract after  the  morsel  has  passed  it,  and  assist  its  passage  backwai'ds; 
these,  with  the  tongue,  cut  off  completely  the  communication  between 
the  fauces  and  the  mouth.  At  the  same  time,  the  muscles  of  the  posterior 
palatine  arch  contract  in  such  a  manner,  as  to  cause  the  sides  of  the  arch 
to  approach  each  other  Mke  a  pair  of  curtains,  so  that  the  passage  from 

*  Comparative  Anatomy  furnishes  the  key  to  these  phenomena,  which  seem  at  first  sight 
to  he  somewhat  strange. — Among  Invertebrate  animals  generally,  the  Respiratory  organs 
are  completely  unconnected  with  the  mouth  ;  and  a  very  distinct  set  of  muscles  is  provided 
to  keep  them  in  action.  These  muscles  have  separate  ganglia  as  the  centres  of  their  opera- 
tions ;  and  these  ganglia  are  only  connected  indirectly  with  those  of  the  sensori-motor  system. 
The  same  is  the  case,  in  regard  to  the  introduction  of  the  food  into  the  digestive  apparatus. 
The  muscles  concerned  in  this  operation  have  their  own  centres, — the  Stomato-gastric  and 
Pharyngeal  ganglia,  which  are  not  very  closely  connected  with  the  cephalic,  or  with  the 
respiratory,  or  with  those  of  general  locomotion.  Now  in  the  Vertebrata,  the  distinct  organs 
have  been  so  far  blended  together,  that  the  same  muscles  serve  the  purposes  of  both ;  hut  the 
different  sets  of  movements  of  these  muscles  are  excited  by  different  nerves;  and  the  effect 
of  division  of  either  nerve,  is  to  throw  the  muscle  out  of  connection  with  the  fimction  to 
which  that  nerve  previously  rendered  it  subservient, — as  much  as  if  the  muscle  were  sepa- 
rated from  the  nervous  system  altogether. 

t  See  Prof.  MUller's  "  Elements  of  Physiology  "  (translated  by  Dr.  Baly),  p.  501. 
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the  fauces  into  the  posterior  nares  is  nearly  closed  by  them ;  and  to  the 
cleft  between  the  approximated  sides,  the  uvula  is  applied  like  a  valve. 
A  sort  of  inclined  plane,  directed  obliquely  downwards  and  backwards,  is 
thus  formed;  and  the  morsel  slides  along  it  into  the  pharynx,  which  is 
brought-up  to  receive  it.    Some  of  these  acts  may  be  performed  volun- 
tarily ;  but  the  combination  of  the  whole  is  automatic.    The  third  stage 
of  the  process,  the  propulsion  of  the  food  down  the  cesophagTis,  then  com- 
mences.   This  is  accomplished,  in  the  upper  part,  by  means  of  the  con- 
strictors of  the  pharynx ;  and  in  the  lower,  by  the  muscular  coat  of  the 
oesophagus  itself.    When  the  morsels  are  small,  and  are  mixed  with  much 
duid,  the  undulating  movements  from  above  downwards  succeed  each 
other  very  rapidly ;  this  may  be  well  observed  in  Horses  whilst  drinking ; 
lai-ge  morsels,  however,  are  frequently  some  time  in  making  their  way 
down.    Each  portion  of  food  and  diink  is  included  in  the  contractile 
walls,  which  are  closely  applied  to  it  during  the  whole  of  its  transit.  The 
.  gurghng  soimd.  which  is  observed  when  drink  is  poured  down  the  throat 
of  a  person  in  articulo  mortis,  is  due  to  the  want  of  this  contraction.  The 
■.  whole  of  the  thh'd  stage  is  completely  involuntary. — At  the  point  where 
t  the  oesophagus  enters  the  stomach,  the  'cardiac  orifice'  of  the  latter, 
t  there  is  a  sort  of  sphincter,  which  is  usually  closed,  but  which  opens  when 
-  sufl&cient  pressure  is  made  on  it  by  accumulated  food,  closing  again,  when 
I  this  has  passed,  so  as  to  retain  it  in  the  stomach. 

426.  The  piu-ely  automatic  nature  of  the  act  of  Deglutition  is  shown 
i  by  the  fact,  that  no  attempts  on  our  own  part  will  succeed  in  performing 
it  really  voluntarily.  In  order  to  excite  it,  we  must  supply'  some  stimulus 
to  the  fauces.    A  very  small  particle  of  solid  matter,  or  a  little  fluid 
'  (sahva,  for  instance),  or  the  contact  of  the  back  of  the  tongue  itself,  will 
'  be  sufficient ;  but  without  either  of  these,  we  cannot  swalloiv  at  will.  Nor 
can  we  restrain  the  tendency,  when  it  is  thus  excited  by  a  stimulus ; 
every  one  knows  how  irresistible  it  is,  when  th6  fauces  are  touched  in  any 
;  unusual  manner;  and  it  is  equally  beyond  the  direct  control  of  the  will, 
:  in  the  ordinary  process  of  eating, — voluntary  as  we  commonly  regard  this. 
The  only  mode  in  which  the  will  can  influence  it,  is  by  regulating  the 
approach  of  the  stimulus  necessary  to  excite  it ;  thus,  we  voluntarily  bring 
a  morsel  of  food,  or  a  little  fluid,  into  contact  with  the  surface  of  the 
fauces,  and  an  act  of  deglutition  is  then  involuntarily  excited ;  or  we  may 
voluntarily  keep  all  stimulus  at  a  distance;  and  no  efl'ort  of  the  will  can 
then  induce  the  action.    Moreover,  this  action  is  performed,  like  that  of 
respii-ation,  when  the  power  of  the  will  is  suspended,  as  in  profound  sleep, 
or  in  apoplexy  affecting  only  the  brain ;  and  it  does  not  seem  to  be  at  all 
Saffected  by  the  entire  removal  of  the  brain,  in  an  animal  that  can  sustain 
nthe  shock  of  the  operation ;  being  readily  excitable,  on  stimulating  the 
1  fauces,  so  long  as  the  nervous  structure  retains  its  functions.    This  has 
I  been  experimentally  proved  by  Dr.  M.  Hall;  and  it  harmonizes  with  the 
Jaatural  experiment  sometimes  brought  under  our  notice  in  the  case  of  an 
■enencephalous  infant,  in  which  the  power  of  swallowing  seems  as  vigorous 
in  the  perfect  one.    But,  if  the  'nervous  circle'  be  destroyed,  either  by 
I  vision  of  the  trunks,  or  by  injury  of  any  kind  to  the  portion  of  the 
ervous  centres  connected  with  them,  the  action  can  no  longer  be  per- 
'  >rmed  ;  and  thus  we  see  that,  when  the  effects  of  apoplexy  are  extending 
■emsclves  from  the  brain  to  the  spinal  cord,  whilst  the  respiration  become^ 
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stertorous,  the  power  of  Deglutition  is  lost,  and  then  respiration  ahio 
speedily  ceases. 

427.  Our  knowledge  of  the  nerves  specially  concerned  in  this  action  is 
principally  due  to  the  very  careful  and  well-conducted  experiments  of  Dr. 
J.  Reid.* — The  distribiition  of  the  Glosso-pharyngeal  evidently  points  it 
out  as  in  some  way  connected  with  it ;  but  this,  when  carefully  examined, 
discloses  the  important  fact,  that  the  nerve  scarcely  sends  any  of  its 
branches  to  the  muscles  which  they  enter,  these  mostly  passing  through 
them,  to  be  distributed  to  the  superjacent  mucous  surface  of  the  tongue 
and  fauces.  Fiu'ther,  when  the  trunk  is  separated  from  the  nervous 
centres,  irritation  produces  scarcely  any  muscular  movements.  Hence  it 
is  not  in  any  great  degree  an  '  efferent'  or  motor  neiwe;  and  its  distribu- 
tion would  lead  us  to  suppose  its  chief  function  to  be  'afferent;'  namely, 
the  convej^ance  of  imj)ressions  from  the  surface  of  the  fauces  to  the  Medulla 
Oblongata.  This  inference  is  fully  confirmed  by  the  fact,  that,  so  long  as 
its  trunk  is  in  connection  with  the  centre,  and  the  other  parts  are  imin- 
jured,  pinching,  or  other  severe  irritation  of  the  Glosso-pharyngeal,  will 
often  excite  distinct  acts  of  deglutition.  Such  ii'ritation,  however,  may 
excite  only  convulsive  twitches,  instead  of  the  regular  movements  of 
swallowing;  and  it  is  evident  that,  here  as  elsewhere,  the  impressions 
made  upon  the  extremities  of  the  nerves  are  much  more  powerful  excitoi"s 
of  reflex  movement,  than  those  made  upon  the  tinnk,  though  the  latter 
are  more  productive  of  pain.  It  was  fiu-ther  observed  by  Dr.  Reid,  that 
tliis  effect  was  prodiiced  by  pinching  the  pharyngeal  branches  only;  no 
irritation  of  the  lingual  division  being  effectual  to  the  piirpose. — If,  then, 
the  muscles  of  deglutition  be  not  immediately  stimulated  to  contraction 
by  the  Glosso-pharyngeal  nerve,  it  remains  to  be  inquired,  by  what  nerve 
the  motor  influence  is  conveyed  to  them  from  the  Medulla  Oblongata ; 
and  Dr.  Reid  was  equally  successful  in  proving,  that  this  function  is 
chiefly  performed  by  the  Pharyngeal  branches  of  the  Pneumogastric. 
Anatomical  examination  of  their  distribution  shows,  that  they  lose  them- 
selves in  the  muscles  of  the  pharynx;  and  whilst  no  decided  indications 
of  suffering  can  be  produced  by  in-itating  them,  evident  contractions  ai'e 
occasioned,  when  the  trunk,  separated  from  the  brain,  is  pinched  or  other- 
wise stimulated. — It  appears,  however,  that  neither  is  the  Glosso-phaiyn- 
geal  the  sole  exciter  nerve,  nor  are  pharyngeal  branches  of  the  Pneiimo- 
gastric  the  sole  motor  nerves,  concerned  in  deglutition;  for  after  the 
former  has  been  perfectly  divided  on  each  side,  the  usual  movements  can 
still  be  excited,  though  with  less  energy ;  and,  after  the  latter  have  been 
cut,  the  animal  retains  the  means  of  forcing  small  morsels  tlu'ough  the 
pharynx,  by  the  action  of  the  muscles  of  the  tongue  and  neck.  From  a 
careful  examination  of  the  actions  of  deglutition,  and  of  the  influence  of 
various  nerves  upon  them.  Dr.  Reid  di-ew  the  following  conclusions: — 
The  excitor  impressions  are  conveyed  to  the  Medulla  Oblongata  chiefly 
through  the  Glosso-pharyngeal,  but  also  along  the  branches  of  the  Fiftli 
pair  distributed  upon  the  fauces,  and  probably  along  the  superior  La^•3^l- 
geal  branches  of  the  Pneumogastric  distributed  upon  the  pharynx.  The 
motor  influence  passes  chiefly  along  the  Pharyngeal  branches  of  the  Pneu- 

*  "  Edinb.  Med.  and  Surg.  Journ.,"  vol.  xlix. ;  and  "  Physiological,  Anatomical,  and 
Pathological  Researches,"  chap.  iv. 
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mogastrio;  along  the  branches  of  the  Hypoglossal,  tlistributed  to  the 
miiscles  of  the  tongue,  and  to  the  sterno-hyoid,  sterno-thyt'oid,  and  thyro- 
hyoid muscles;  along  the  motor  filaments  of  the  Kecurrent  laryugeals; 
along  some  of  the  branches  of  the  Fifth,  supplying  the  elevator  muscles 
of  the  lower  jaw;  along  the  branches  of  the  Facial,  ramifying  upon 
the-  digastric  and  stylo-hyoid  muscles  and  upon  those  of  the  lower  part  of 
the  face ;  and  probably  along  some  of  the  branches  of  the  Cervical  plexus, . 
which  unite  themselves  to  the  Descendens  noni.  It  was  further  observed 
by  Dr.  Reid  (Op.  cit.  pp.  258 — 260),  that  the  stylo-phaiyngeus  muscle  is 
usually  thrown  into  contraction,  when  the  roots  of  the  Glosso-pharyngeal 
nei-\'e  are  irritated ;  and  this  has  also  been  noticed  by  Mayo,  Volkmann, 
and  others ;  *  so  that  we  are  to  consider  the  Glosso-pharyngeal  as  a  motor 
nerve,  in  so  far  as  that  muscle  is  concerned. 

428.  When  the  food  has  been  propelled  downwards  by  the  Pharyngeal 
muscles,  so  far  as  their  action  extends,  its  further  progress  thi'ough  the 
(Esojyhagus  is  effected  by  a  kind  of  peristaltic  contraction  of  the  muscular 
coat  of  the  tube  itself  This  movement  is  not,  however,  due  only  to  the  direct 
stimulus  of  the  musculai'  fibre  by  the  pressure  of  the  food,  as  it  seems  to 
be  in  the  lower  pai-t  of  the  ahmentary  canal ;  for  Dr.  J.  Reid  has  found, 
by  repeated  experiment,  that  the  continuity  of  the  oesophageal  branches 
of  the  Pneumogastric  with  the  Medulla  Oblongata,  is  necessary  for  the 
rapid  propulsion  of  the  food ;  so  that  it  can  scarcely  be  doubted,  that  an 
impression  made  upon  the  mucous  surface  of  the  oesophagus,  conveyed  by 
the  afferent  fibres  of  these  nerves  to  their  ganglionic  centre,  and  reflected 
downwards  along  the  motor  fibres,  is  the  real  cause  of  the  muscular  con- 
traction. If  the  Pneumogastric  be  divided  in  the  rabbit,  on  each  side, 
above  the  oesophageal  plexus,  but  below  the  pharyngeal  branches,  and  the 
animal  be  then  fed,  it  is  found  that  the  food  is  delayed  in  the  oesophagus, 
which  becomes  greatly  distended.  Further,  if  the  lower  extremity  of  the 
Pneumogastric  be  irritated,  distinct  contractions,  are  seen  in  the  oesopha- 
geal tube,  proceeding  from  above  downwards,  and  extending  over  the 
cardiac  extremity  of  the  stomach. — We  have  here,  then,  a  distinct  case  of 
reflex  action  without  sensation,  occurring  as  one  of  the  regular  associated 
movements  in  the  natural  condition  of  the  animal  body ;  and  it  is  very 
interesting  to  find  this  following  upon  a  reflex  action  with  sensation  (that 
of  the  pharynx),  and  preceding  a  movement  which  is  altogether  uncon- 
nected with  the  Spinal  Cord  (that  of  the  lower  part  of  the  alimentary 
canal).  The  use  of  sensation  in  the  former  case  has  been  abeady  shown 
(§  424).  The  muscular  fibres  of  the  oesophagus  are  also  excitable,  though 
usiially  in  a  less  degi'ee,  by  direct  stimulation;  for  it  appears  that,  in  some 
animals  (the  Dog,  for  example),  section  of  the  pneumogastric  does  not 
produce  that  check  to  the  propulsion  of  the  food,  which  it  occasions  in 
the  Rabbit ;  and  even  in  the  Rabbit,  as  Dr.  M.  Hall  has  remarked,t  the 
simple  contractility  of  the  muscular  fibre  occasions  a  distinct  peristaltic 
movement  along  the  tube,  after  its  nerves  have  been  divided;  causing  it 
to  discharge  its  contents,  when  cut  across.  Such  a  movement,  indeed, 
seems  to  take  place  in  something  of  a  rhythmical  manner  (that  is,  at  short 

*  It  seems  not  improbable  that  the  discrepant  results  obtained  by  different  experimenters 
.  on  this  point,  are  partly  to  be  explained  by  differences  in  the  distribution  of  the  nerves  in 
the  severai  animals  operated  on. 

t  "  Third  Memoir  on  the  Nervous  System,"  $  201. 
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and  tolerably  regulai'  intervals,)  whilst  a  meal  is  being  swallowed ;  but  as 
the  stomach  becomes  fuU,  the  intervals  are  longer,  and  the  wave-like  con- 
tractions less  frequent.  —  That  the  action  of  the  Cardiac  sphincters  is 
reflex,  and  is  dependent  upon  the  'nervous  circle'  furnished  by  the  Pneu- 
mogastric  nerves  and  their  ganglionic  centres,  would  appear  from  the 
fact,  that  when  the  trunks  of  these  nerves  are  divided,  the  sphincter  no 
longer  contracts,  and  the  food  regurgitates  into  the  oesophagus.  The  re- 
opening of  the  cardiac  orifices,  on  pressure  from  within  (which  is  usually 
resisted  by  the  sphincter,  as  in  the  acts  of  defecation,  parturition,  &c.),  is 
one  of  the  first  of  that  series  of  reversed  actions  which  constitutes  the  act 
of  Vomiting  (§  431);  and  this  is  accompanied  by  a  reversed  peristaltic 
action  of  the  oesophagus.  The  independence  of  these  actions,  one  of 
another,  and  their  relation  to  a  common  cause,  is  remarkably  sho-^Ti  by 
the  fact,  that  when  vomiting  takes  place  as  a  conseqvience  of  the  injection 
of  tartar  emetic  into  the  veins,  the  reversed  peristaltic  action  of  the 
cesoiihagus  is  performed  even  after  its  separation  from  the  stomach. 

429.  The  food,  wliich,  thus  propelled  along  the  oesophagus,  enters  the 
Stomach  through  its  cardiac  orifice  in  successive  waves,  is  immediately 
subjected  to  a  peculiar  peristaltic  movement,  which  has  for  its  object  to 
produce  the  thorough  intermixture  of  the  gastric  fluid  with  the  alimentaiy 
mass,  and  to  separate  the  portion  which  has  been  sufficiently  reduced, 
from  the  remainder.  The  fasciculi  composing  the  musculai'  wall  of  the 
human  stomach,  are  so  disposed  as  to  lessen  its  diameter  in  every  direc- 
tion ;  and  whilst  the  cavity  is  empty,  they  are  uniformly  contracted,  so  as 
to  reduce  the  organ  to  its  smallest  dimensions.  When  food  is  introduced, 
the  contraction  of  the  parietes  as  a  whole  still  continues,  to  such  a  degi'ee  as 
to  make  tlicm  closely  apply  themselves  to  its  surface ;  but  the  contraction 
of  the  individvial  fiisciculi  alternates  with  relaxation,  in  such  a  manner  as 
to  induce  a  great  variety  of  motions  in  this  organ,  sometimes  transversely, 
and  at  other  times  longitudinally.  "  These  motions,"  remarks  Dr.  Beau- 
mont, who  has  enjoyed  a  peculiar  opportunity  of  observing  them,*  "not 
only  produce  a  constant  distm-bance  or  churning  of  the  contents  of  the 
stomach,  but  they  compel  them,  at  the  same  time,  to  revolve  about  the 
interior  from  point  to  point,  and  from  one  extremity  to  the  other."  In 
addition  to  these  movements,  there  is  a  constant  agitation  of  the  stomach, 
produced  by  the  respiratory  muscles.  The  motions  of  the  stomach  itself 
are  not  performed  on  any  very  exact  plan,  and  are  much  influenced  by 
the  character  of  the  ingesta,  the  state  of  the  general  system,  and  by  other 
circumstances.  The  following  is  the  ordinary  com'se,  however,  of  the 
revolutions  of  the  food.  "  After  passing  the  oesophageal  ring,  it  moves 
from  right  to  left,  along  the  small  arch;  thence  through  the  large  curva- 
tm-e,  from  left  to  right.  The  bolus,  as  it  enters  the  cardia,  turns  to  the 
left,  passes  the  aperture,  descends  into  the  splenic  extremity,  and  follows 
the  great  curvature  towards  the  pyloric  end.  It  then  retm-ns,  in  the 
course  of  the  smaller  curvature,  makes  its  appearance  again  at  the  aper- 
tm-e  in  its  descent  into  the  gi-eat  curvature,  to  perform  similar  revolu- 
tions.   These  revolutions  are  completed  in  from  one  to  three  mimites. 

*  See  the  "  Case  of  Alexis  St,  Martin,  witli  Observations  and  Experiments  by  Dr.  Beau- 
mont," republished  in  this  country  by  Dr.  Andrew  Combe.— This  patient  had  a  large  fistulous 
orifice  in  his  stomach,  remaining  after  a  wound  which  had  laid  open  the  cavity;  but  his 
general  health  had  been  completely  restored. 
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;  They  ai'e  probably  induced  in  a  gi-eat  measure,  by  the  circular  or  trans- 
verse muscles  of  the  stomach.  They  are  slower  at  first,  than  after  chy- 
myfication  has  considerably  advanced;"  at  which  time  also  there  is  an 
increased  impulse  towards  the  pylorus.  It  is  probable  that,  from  the  very 
commencement  of  chymification,  until  the  organ  becomes  empty,  portions 
of  chyme  are  continually  passing  into  the  duodenum ;  for  the  bulk  of  the 
alimentaiy  mass  progi-essively  diminishes,  and  this  the  more  rapidly  as 
the  process  is  nearer  its  completion.  The  accelerated  expulsion  appears 
to  be  effected  by  a  peculiar  action  of  the  transverse  muscles;  and  espe- 
cially of  that  portion  of  them,  which  surrounds  the  stomach  at  about  four 
•  inches  from  its  pyloric  extremity.  This  band  is  so  forcibly  contracted  in 
the  latter  part  of  the  digestive  process,  that  it  almost  separates  the  two 
portions  of  the  stomach  into  a  sort  of  hour-glass  form ;  and  Dr.  B.  states 
that,  when  he  attempted  to  introduce  a  long  thermometer-tube  into  the 
pyloric  portion  of  the  stomach,  the  bulb  was  at  first  gently  resisted,  then 
allowed  to  pass,  and  then  grasped  by  the  muscular  parietes  beyond,  so  as 
to  be  di'awn  in :  whence  it  is  evident  that  the  contraction  has  for  its 
object,  to  resist  the  passage  of  solid  bodies  into  the  pyloric  extremity  of 
the  stomach,  at  this  stage  of  digestion,  whilst  the  matter  which  has  been 
reduced  to  the  fluid  form  is  pumped  away  (as  it  were)  by  the  action  of 
that  portion  of  the  viscus.  These  peculiar  motions  continue,  until  the 
stomach  is  perfectly  empty,  and  not  a  particle  of  food  or  chyme  remains ; 
and  when  they  are  nearly  brought  to  a  close,  the  contraction  of  the 
pyloric  orifice  also  gives  way,  to  an  extent  suflficient  to  allow  not  only  the 
imdigested  residue  of  the  food,  but  also  large  solid  bodies  that  may  have 
been  swallowed  (such  as  coins  and  the  hke),  to  pass  into  the  intestinal 
1  canal. 

430.  With  regard  to  the  degi-ee  in  which  these  movements  of  the 
t  Stomach,  whose  share  in  the  Digestive  operation  is  so  important,  are  de- 
pendent  upon  the  Spinal  cord,  and  are  consequ'ently  of  a  'reflex'  nature, 
t  is  difficult  to  speak  with  certainty,  owing  to  the  contradictory  results 
obtained  by  difierent  experimenters.  These  contradictions,  however,  seem 
Dartly  due  to  a  diversity  in  the  nature  of  the  animals  experimented  on, 
md  partly  to  a  difierence  in  the  stage  of  the  digestive  process  at  which 
the  obsei-vations  were  made.  It  seems  to  be  well  established,  by  the 
researches  of  Reid,  Valentin,  and  others,*  that  distinct  movements  may 
30  excited  in  the  Stomach  of  the  Rabbit,  if  distended  with  food,  by  irritat- 
ng  the  Pneumogastric  soon  after  the  death  of  the  animal;  these  move- 
nents  seem_  to  commence  from  the  cardiac  orifice,  and  then  to  spread 
themselves  in  a  sort  of  peristaltic  manner  along  the  walls  of  the  stomach ; 
Jut  no  such  movements  can  be  excited  if  the  stomach  be  empty.  Various 
jxperiments  upon  living  animals  have  led  to  a  similar  conclusion ;  food 
■aken-in  shortly  before  or  subsequently  to  its  division,  having  been  found 
o  be  only  dissolved  on  the  sm'face  of  the  mass,  where  it  was  in  contact 
nth  the  mucous  membrane.  But  these  experiments  have  been  made 
or  the  most  part  upon  Herbivorous  animals,  such  as  horses,  asses,  and 
abbits;  whose  food  is  bulky  and  difficult  of  solution,  requiring  to  be 

•  *^  ^.-^  P^'  ^^'"^'^  "  Physiological,  Anatomical  and  Pathological  Researches,"  chao  v  • 
alentin  De  Funct.onibus  Nervorum  Cerebralium,"  &c.  chap.  xi. ;  also  Longet  "Anatom'ie 
^Physiologie  du  Systeme  Nerveux,"  torn.  i.  p.  323;  and  Bischoff  in  "  MUlIer's  Archr," 
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ooustantly  changed  in  its  position,  so  that  every  part  of  it  may  be  succes- 
sively brought  to  the  exterior.    On  the  other  hand,  Dr.  Reid  found,  in  liis 
experiments  upon  Dogs,  that,  after  the  first  shock  of  the  operation  liad 
gone  off,  solution  of  food  in  the  stomach,  and  absorption  of  chyle,  might 
take  place ;  and  hence  it  may  be  inferred,  that  no  influence  of  this  nerve 
upon  the  muscular  parietes  of  the  stomach  is  essential  to  digestion  in  that 
species.    This  conclusion  harmonizes  -well,  therefore,  with  the  fact  ah-eady 
stated  respecting  the  absence  of  such  influence  in  the  lower  pai'ts  of  its 
oesophagus ;  and  it  may,  perhaps,  be  explained  by  the  consideration,  that 
the  natural  food  of  the  dog  is  much  less  bulky  and  more  easy  of  solution, 
than  that  of  the  animals  ah-eady  named;  so  that  there  is  not  so  much 
need  of  that  pecuhai'  movement,  which  is  in  them  so  important  an  aid  to 
the  process  of  reduction. — There  is  yet  much  to  be  learned  on  this  sub- 
ject, however ;  especially  in  regard  to  the  degree  in  which  the  movements 
may  be  checked  or  altered,  by  impressions  transmitted  through  the  nervous 
system.    It  was  stated  by  Brachet,  that,  in  some  of  his  experiments  upon 
the  Pneumogastric,  some  hours  after  section  of  the  nerve  on  both  sides, 
the  surface  only  of  the  ahmentaiy  mass  was  found  to  have  imdergone 
solution,  the  remainder  of  the  mass  remaining  in  the  condition  in  which 
it  was  at  first  ingested ;  and  if  this  statement  can  be  relied  on,  it  would 
appear  that  the  movements  of  the  stomach,  like  those  of  the  heart,  can  be 
readily  affected  by  a  strong  nei*vous  impression.    It  may  be  pai'tly  in  this 
manner,  therefore,  and  not  by  acting  upon  the  secretions  alone,  that 
strong  Emotions  influence  the  digestive  process,  as  tliey  are  weU  kno^^^l 
to  do.     On  the  other  hand,  the  moderate  excitement  of  jjleasurable 
emotions  may  be  favourable  to  the  operation ;  not  only  by  giving  firm- 
ness and  regvdarity  to  the  action  of  the  heart,  and  thence  promoting  the 
circulation  of  the  blood,  and  the  increase  of  the  gastric  secretion ;  but  also 
in  imparting  firmness  and  regularity  to  the  musculai*  contractions  of  the 
stomach. 

431.  Much  discussion  has  taken  place  upon  the  question,  how  far  con- 
tiuction  of  the  parietes  of  the  Stomach  itself  actively  participates  in  the 
operation  of  Vomiting;  and  many  experiments  have  been  made  to  deter- 
mine the  facts  of  the  case.  Some,  as  Magendie,  have  gone  so  far  as  to 
affirm  that  the  stomach  is  entirely  passive ;  grounding  this  inference  upon 
the  fact  experimentally  ascertained,  that  when  the  stomach  was  removed, 
and  a  bladder  was  substituted  for  it,  this  was  emptied  of  its  contents,  by 
the  compression  of  the  parietes  of  the  abdomen,  when  tartar  emetic  ^vas 
injected  into  the  veins.  But  this  fact  by  no  means  disproves  the  active 
co-operation  of  the  stomach;  and  judging  from  the  analogy  of  the  uterus, 
bladder,  and  rectimi, — whose  muscular  walls  are  all  actively  concerned  m 
the  expulsion  of  their  contents,  though  that  expulsion  is  in  gi-eat  part  due 
to  the  contraction  of  the  abdominal  muscles, — we  should  be  led  to  concur 
with  the  common  opinion,  of  which  our  own  sensations  during  the  act 
would  indicate  the  correctness.  And  this  opinion  has  been  confirmed  by 
observation  of  a  case,*  in  which,  the  abdominal  parietes  having  been  acci- 
dentally laid  open  in  the  human  subject,  and  the  stomach  having  wholly 
protruded  itself,  it  was  seen  to  contract  itself  repeatedly  and 
dxu'ing  the  space  of  half  an  horn-,  until  by  its  own  efforts  it  had  expelled 
all  its  contents  except  gases.  As  already  mentioned,  the  relaxation  of  the 
*  Lepine  in  "  Bullet,  de  I'Acad.  Roy.  de  Medecinc,"  1844. 
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cardiac  spliiucter  is  essential  to  the  act  of  vomiting ;  and  unless  this  take 
place,  all  the  other  movements  will  be  in  vain ;  for  its  fibres,  when  con- 
tracted, can  resist  the  combined  force  of  all  the  expulsor  muscles.  There 
can  be  little  doubt  that  tiie  violent  but  fruitless  efforts  at  vomiting  which 
we  occasionally  witness  (two  or  three  such  efforts  frequently  preceding  the 
effectual  one),  are  prevented  from  emptying  the  stomach  by  the  obstinacy 
with  which  the  cai'diac  sphincter  is  kept  closed;  just  as  the  expiratory 
effort  which  assists  in  emptying  the  stomach,  is  prevented,  by  the  firm- 
ness with  which  the  glottis  is  held  shut,  from  expelling  the  contents  of  the 
chest.    It  is  not  true,  as  was  formerly  supposed,  that  the  diaphi'agm 
actively  co-operates  in  the  effort  of  vomiting ;  for,  as  was  first  pointed  out 
by  Dr.  M.  Hall,*  this  effort,  like  those  of  defecation,  urination,  and  par- 
tm-ition,  is  essentially  performed  by  the  muscles  of  expiration ;  with  this 
difference,  however,  that  the  diaphragm,  instead  of  being  passive,  is  fixed, 
and  supplies  a  fii'm  siu-face  against  which  the  stomach  is  pressed.  In 
this,  as  in  the  other  cases  just  referred-to,  the  expulsive  effort  is  preceded 
by  a  deep  inspiration,  after  which  the  glottis  is  spasmodically  closed 
dming  its  whole  continuance. — The  immediate  causes  of  vomiting  may 
be  reduced  to  thi-ee  different  categories.    1st.  The  contact  of  irritating- 
substances  with  the  mucous  membrane  of  the  stomach  itself ;  these,  how- 
ever, cannot  act  upon  more  than  its  muscular  coat  by  di^-ect  stimulation; 
and  their  operation  upon  the  associated  muscles  must  take  place  by 
reflexion,  through  the  'nervous  circle'  furnished  by  the  pneumogastrics 
and  the  motor  nerves  of  exphation.    2nd.  Irritations  applied  to  other 
pai-ts  of  the  body,  likewise  operating  by  simj^ly -reflex  transmission ;  as  in 
the  vomiting  which  is  consequent  upon  the  strangulation  of  a  hernia,  or 
the  passage  of  a  renal  calculus;  or  in  that  which  is  excited  by  the  injec- 
tion of  tartar  emetic  or  emetin  into  the  circulating  ciirrent,  where  these 
substances  probably  produce  their  characteristic  effect  by  their  operation 
on  the  nervous  centres.    3rd.  Impressions  redfeived  through  the  sensorial 
centres,  which  may  be  either  sensational  or  emotional,  but  which  do  not 
operate  unless  they      felt.    In  this  mode  seems  to  be  excited  the  vomit- 
ing that  is  mduced  by  tickling  the  fauces,  which  first  gives  rise  to  the 
sensation  of  nausea ;  as  well  as  the  vomiting  consequent  upon  disgusting 
sights,  odours,  or  tastes,  and  upon  those  peculiar  internal  sensations  which 
are  preliminary  to  'sea-sickness.'    The  recollection  of  these  sensations, 
conjoined  with  the  emotional  state  which  they  originally  excited,  may 
itself  become  an  efficient  cause  of  the  action,  at  least  in  individuals  of 
peculiarly  iiTitable  stomachs  or  of  highly  sensitive  nervous  systems;  for 
this  plays  downwai-ds  upon  the  sensorial  centres,  in  such  a  manner  as  to 
excite  in  them  the  same  condition,  as  that  which  was  originally  produced 
tlirough  the  medium  of  the  sensory  nerve,  when  the  object  was  actually 
present.  (See  chap,  xiv.,  sect.  3.) 

432.  The  passage  of  the  Chyme,  or  product  of  the  gastric  digestion, 
through  the  pyloric  orifice,  into  the  commencement  of  the  Intestinal  tube, 
IS  at  first  slow;  but  when  the  digestive  process  is  nearly  completed  it  is 
transmitted  in  much  larger  quantities.  The  pyloric  orifice,  like  the 
cardiac,  is  furnished  with  a  sphincter  muscle ;  but  how  far  its  contractions 
arc  dependent  upon  'reflex  action,'  has  not  yet  been  ascertained  The 
ingested  matter,  which  undergoes  further  changes  of  a  very  important 
'     Quarterly  Journal  of  Science,"  vol.  xxv.  p.  388,  et  aeq. 
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character  witliiu  this  portion  of  the  canal,  is  gradually  propelled  onwards 
by  the  peristaltic  contractions  of  its  walls ;  and  these  are  excited  by  the 
contact,  either  of  the  products  of  digestion,  or  of  the  secretions  poured-iu 
by  the  various  glands  that  discharge  their  ^jrotlucts  into  the  intestinal 
tube.*  In  its  progress  along  the  small  intestines,  the  nutritious  portion 
of  the  ingested  matter  is  gradually  taken-up  by  the  blood-vessels  and 
absorbents;  and  the  residue,  combined  with  excrementitious  matters 
separated  from  the  blood,  begins  to  assume  the  faecal  character.  A  further 
absorption  takes  place  during  the  passage  of  the  fsecal  matter  through 
the  large  intestines ;  and  thus  by  the  time  it  reaches  the  rectum,  it  has 
acquired  a  considerable  degree  of  consistency. — The  ordinary  Peristaltic 
movements  of  the  Intestinal  canal  are  fuUy  accounted-for,  by  referring 
them  to  the  contractility  of  the  muscular  portion  of  its  walls,  called  into 
action  by  direct  stimulation  (§  316);  and  that  they  are  not  in  any  degree 
dependent  upon  nervous  connection  with  the  Cerebro-spinal  centres,  is 
clearly  shown  by  their  continuance  after  the  destruction  of  these.  Some 
Physiologists  suppose  that  these  movements  are  attributable  to  'reflex' 
action,  through  a  nervous  circle  fm-nished  by  the  fibres  and  ganglia  of  the 
Sympathetic  system.  This  supposition,  however,  is  entirely  unnecessary; 
since  the  Hallerian  doctrine  of  independent  irritability,  of  the  truth  of 
which  such  cogent  evidence  has  been  adduced  (§§  325 — 327),  affords  an 
adequate  explanation  of  them.  And  it  will  be  found,  on  careful  examin- 
ation, to  have  no  sufficient  evidence  in  its  favoiu" ;  the  utmost  which 
experiment  can  show,  being  that  contractions  mai/  be  excited  through  the 
medium  of  the  Sympathetic  nerves.  But  the  experiments  of  Valentin, 
who,  more  than  any  other  Physiologist,  has  succeeded  in  obtaining  posi- 
tive results  of  this  kind,  also  indicate  that  the  motor  influence  does  not 
originate  in  the  Sympathetic  ganglia,  but  is  derived  from  the  Spinal 
cord.t  The  following  are  his  general  results,  so  far  as  they  apply  to  this 
part  of  the  subject. — The  lower  part  of  the  CEsophagus  in  the  neck  is 
made  to  contract  peristaltically  from  above  downwards,  by  irritation  of 
the  roots  of  the  first  three  cervical  Spinal  nerves,  and  of  the  cervical  por- 
tion of  the  Sympathetic,  through  which  last  the  former  evidently  operate. 
The  thoracic  portion  of  the  oesophagus  is  made  to  contract,  by  iiritation 
of  the  lowest  Sympathetic  ganglion  of  the  neck,  and  of  the  higher  thoracic 
ganglia,  and  also  of  the  roots  of  the  lower  cervical  Spinal  nerves. — Mus- 
cular contractions  of  the  Stomach  ai'e  produced,  by  irritation  of  the  roots 
of  the  4th,  5th,  6th,  and  7th  cervical  nerves,  and  of  the  first  thoracic  in 
the  rabbit ;  so  that  a  distinct  farrow  is  evident  between  the  cardiac  and 
pyloric  portion  of  the  viscus;  and  the  lower  the  nerve  is  irritated,  the 
nearer  to  the  pylorus  do  the  contractions  extend.  Irritation  of  the  fii'st 
thoracic  ganglion  of  the  Sympathetic  produces  the  same  effect. — Contrac- 
tions of  the  Intestinal  tube,  varying  in  place  according  to  the  part  of  the 
Spinal  cord  experimented-on,.  may  be  excited  by  irritation  of  the  roots  of 
the  dorsal,  lumbar,  and  sacral  nerves,  and  of  the  trigeminus ;  and  similar 
effects  are  produced  by  irritation  of  the  lower  part  of  the  thoracic  portion, 

"  The  Bile  seems  to  have  an  important  share  in  producing  this  effect  ;  since,  when  the 
ductus  choledochus  is  tied,  constipation  always  occurs.    The  purgative  action  of  Mercurials 
seems  to  depend  in  great  part  upon  the  increase  of  the  hepatic  and  other  secretious  which  i 
induces. 

+  "De  Functionibus  Nervorum  Cerebralium  at  Nervi  Sympathici,"  book  ii.  chap.  2. 
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uf  the  lumbar,  and  of  the  sacral  portions  of  the  Sympathetic, — also  of  the 
splanchnic,  and  of  the  gastric  plexus. 

433.  From  these  facts  it  is  evident,  that  the  movements  of  the  Intes- 
inal  tube  may  be  injiuenced  by  the  Spinal  Cord;  and  that  what  is  com- 
iionly  termed  the  Sympathetic  nerve,  is  the  channel  of  that  influence,  by 
die  fibres  which  it  derives  from  the  Spinal  system.  But  it  by  no  means 
tlience  follows,  that  the  ordinary  peristaltic  actions  of  the  muscles  in 
^|uestion  are  dependent  on  a  stimulus  reflected  through  the  spinal  cord, 
rather  than  on  one  directly  applied  to  themselves.  It  is  clear  that, 
although  these  movements  are  of  the  first  importance  to  the  welfare  of 

j  the  system,  such  means  of  sustaining  them  are  feeble,  compared  to  those 
j  which  we  find  provided  for  the  maintenance  of  the  distinctly-reflex  actions 
i  of  deglutition,  respiration,  &c.     And  the  fact  that  they  are  capable  of 
i  being  at  all  times  more  easily  excited  by  stimuli  applied  to  the  muscles, 
i  than  by  any  kind  of  irritation  applied  to  their  nerves, — taken  in  connec- 
!  tion  with  the  fact  that  the  muscles  not  only  remain  irritable,  but  will 
i  execute  regular  peristaltic  contractions,  for  a  long  time  after  any  such  con- 
I  tractions  can  be  excited  through  their  nerves, — seems  a  very  strong  indi- 
!  cation  that  nervous  influence  is  not  the  ordinary  agent  in  calling  these 
movements  into  play.   On  the  other  hand,  we  do  know  that  the  peristaltic 
movements  are  afiected  by  particular  states  of  mind,  or  by  conditions  of 
the  bodily  system ;  and  the  connection  just  traced  satisfactorily  accounts 
for  this,  and  is  itself  sufficiently  explained. — The  Intestinal  tube,  then, 
'  om  the  stomach  to  the  rectum,  is  not  dependent  upon  the  Nervous 
ontres  either  for  its  contractility,  or  for  its  power  of  exercising  it,  but  is 
uabled  to  propel  its  contents  by  its  own  inherent  powers;  still  we  find 
Jiat  here,  as  in  other  instances,  the  nervous  centres  exert  a  general 
mtrol  over  even  the  Organic  functions,  doubtless  for  the  purpose  of 
larmonizing  them  with  each  other,  and  with  the  conditions  of  the  organs 
jf  Animal  life.  •  . 

434.  On  examining  the  outlet  by  which  the  faeces  are  voided,  we  find 
chat  it  is  placed,  like  the  entrance,  imder  the  guardianship  of  the  Spinal 
Cord;  subject,  however,  to  some  control  on  the  part  of  the  Will.    In  the 
Mwest  animals,  the  act  of  discharging  excrementitious  matter  is  probably 
s  involuntaiy  as  are  the  acts  immediately  concerned  in  the  introduction 
if  nutriment;  and  it  is  performed  as  often  as  there  is  anything  to  be  got 
l  id  of    In  the  higher  classes,  however,  such  discharges  are  much  less  fi^e- 
[uent;  and  reservoirs  are  provided,  in  which  the  excrementitious  matter 
may  accumulate  in  the  intervals.    The  associated  movements  required  to 

rapty  these,  are  completely  involuntary  in  their  character;  and  are 
■scited^  by  the  quantity,  or  stimulating  quahty,  of  the  contents  of  the 
'.servoir.    But,  had  volition  no  control  over  them,  great  inconveniences 
■  uuld  ensue;  hence  sensation  is  excited  by  the  same  stimulus  which  pro- 
luces  the  movements,  in  order  that,  by  arousing  the  will,  the  otherwise 
I  uvoluntary  motions  may  be  restrained  and  directed. — There  can  be  little 
loubt,  from  the  experiments  of  Dr.  M.  Hall,  as  well  as  from  other  consi- 
Icrations,  that  the  associated  movements,  by  which  the  contents  of  the 
■cctum  (and  bladder)  are  discharged,  correspond  much  with  those  of 
I  respiration;  being  in  their  own  nature  excito-motor,  but  being  capable  of 
'  certain  degree  of  voluntary  restraint  and  assistance.    The  act  of  Defeca 
ion  (as  of  Urination)  chiefly  depends  upon  the  combined  contraction  of 
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the  abdominal  muscles,  similar  to  that  which  is  concerned  in  the  expiiu- 
tory  movement;  but,  the  glottis  being  closed  so  as  to  prevent  the  upward 
motion  of  the  diaphragm,  their  force  acts  only  on  the  contents  of  the  abdo- 
minal cavity:  and  so  long  as  the  sjihincter  of  the  cardia  remains  closed,  it 
must  press  downwards  upon  the  walls  of  the  rectum  and  bladder, — the 
coiitents  of  the  one  or  the  other  of  these  cavities,  or  of  both,  being  expelled, 
according  to  the  condition  of  their  respective  sphincters.  These  actions  are 
doubtless  assisted  by  the  contraction  of  the  walls  of  the  rectum  and  blad- 
der themselves;  for  we  sometimes  find  their  agency  sufficient  to  expel  tlie 
contents  of  the  cavities,  when  there  is  a  total  pai*alysis  of  the  ordinary 
expulsors,  provided  that  the  sphincters  be  at  the  same  time  sufficieutlv 
relaxed.  This  is  more  especially  the  case,  when  their  j)ower  is  augmented 
by  increased  nutrition.  For  example,  in  many  cases  of  disease  or  injmy 
of  the  Spinal  Cord,  the  bladder  ceases  to  expel  its  contents,  through  the 
interruption  of  the  circle  of  reflex  actions ;  but  after  a  time,  the  necessity 
for  drawing  olf  the  urine  by  the  catheter  is  found  to  exist  no  longer,  the 
fluid  being  constantly  expelled  as  soon  as  it  has  accumulated  in  small  quan- 
tities. In  such  cases,  the  mucous  coat  is  found  after  death  to  be  thickened 
and  inflamed ;  and  the  musculai'  coat  to  be  greatly  increased  in  strength, 
and  contracted  upon  itself.  It  would  seem,  then,  that  the  abnormal 
iiTitability  of  the  mucous  membrane,  and  the  increased  nutrition  of  the 
musculai'  substance  which  appeal's  consequent  upon  it,  enable  the  latter  to 
expel  the  lu'iiie  without  the  assistance  of  the  ordinary  expulsors. 

435.  On  the  other  hand,  the  sphincters  which  antagonize  the  expeUeut 
action,  ai'e  usually  maintained  in  a  state  of  moderate  contraction,  so  as  to 
afibrd  a  constant  check  to  the  egress  of  the  contents  of  the  cavities;  and 
this  condition  has  been  fully  proved  by  Dr.  M.  Hall,  to  result  from  then* 
connection  with  the  Spinal  Cord,  ceasing  completely  when  this  is  inter- 
rupted. But  the  sphincters  ai'e  certainly  in  part  controlled  by  the  will, 
and  arc  made  to  act  in  obedience  to  the  warning  given  by  sensation ;  and 
this  voluntaay  power  is  frequently  destroyed  by  injuries  of  the  Brain, 
whilst  the  Spinal  Cord  remains  able  to  perform  all  its  own  functions,  so 
that  discharge  of  the  m-ine  and  faeces  occurs. — In  their  moderate  action, 
the  expulsors  and  the  sphincters  may  be  regarded  as  balancing  one 
another,  so  far  as  their  reflex  action  is  concerned ;  the  latter  having  rather 
the  predominance,  so  as  to  restrain  the  operation  of  the  former.  But, 
when  the  quantity  or  quality  of  the  contents  of  the  cavity  gives  an  exces- 
sive stimulus  to  the  former,  their  action  predominates,  unless  the  will  be 
put  in  force  to  strengthen  the  resistance  oi  the  sphincter ;  this  we  are  fre- 
quently experiencing,  sometimes  to  our  great  discomfort.  On  the  other 
hand,  if  the  stimulus  be  deficient,  the  will  must  aid  the  expulsors,  in  order 
to  overcome  that  resistance  whicli  is  due  to  the  reflex  contraction  of  the 
sphincters;  of  this  also  we  may  convince  om-selves,  when  a  sense  of  pro- 
priety, or  a  prospective  regard  to  convenience,  occasions  us  to  evacuate 
the  contents  of  the  rectum  or  bladder  without  a  natm-al  call  to  do  so. 


4.  Of  the  Changes  which  the  Food  undergoes,  during  its  passage  along  t 

Alimentary  Canal. 

436.  The  object  of  the  Digestive  process,  as  already  pointed  out,  is  i 
reduce  the  Alimentary  matters  to  a  condition  in  which  they  can  bo  iuti' 
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duced  by  Absorption  into  the  Circnlating  system.     This  reduction  is 

partly  effected,  as  we  have  seen,  by  Mechanical  means ;  but  it  is  chiefly  due 

to  the  chemical  agencies  which  are  brought  to  bear  upon  the  ingested 

substances  dm-ing  their  transit  through  the  mouth,  the  stomach,  and  the 

upper  portion  of  the  intestinal  tube.    The  first  of  these  is  exerted  by  the 

Salivari/  fluid,  which  is  incorporated  with  the 

food  in  the  act  of  mastication,  and  of  which 
:  a  large   quantity  descends  with  it  to  the 

stomach.    For  the  secretion  of  this  fluid,  it 

will  be  remembered  that  three  pairs  of  glands 

of  considerable  size  are  provided ;  namely,  the 

parotid,  the  sublingual,  and  the  submaxillary. 

But  in  addition  to  these,  a  very  important 
j  part  of  the  fluid  is  fm-nished  by  the  numerous 

follicular  glands  lodged  in  and  beneath  the 

Iniccal  mucous  membrane.      The  Salivary 

i;lands  ai'e  constructed  upon  that  follicular 

type  of  which  an  example  has  been  already 

uiven  from  the  glands  of  Brunner  (S  234):     _  ,  ,    ,„    ...  ^,    .  . 

t5  \.5         J}      Lobule  of  Parotid  Gtewrf  of  a  new- 

their    ultimate     follicles    (l^lg.  91)     are    very   bom  infant,  injected  with  mercury. 

minute  (their  average  diameter  being  only  Magnified  so  diameters, 
about  l-1200th  of  an  inch),  and  are  closely  surrounded  by  a  plexus  of 
capillary  blood-vessels  (Fig.  26).  Their  development  commences  from 
a  simple  canal,  sending  off  bud-like  processes,  which  opens  from  the 
mouth,  and  lies  amidst  a  cellular  blastema;  and  as  their  evolution 
advances,  the  large  parent-cells  of  this  blastema  form  commimications 
with  the  gland-canal,  whicK  is  at  the  same  time  extending  its  ramifi- 
cations, and  remain  as  the  terminal  follicles  of  these. 

437.  The  inquiry  into  the  chemical  constitution  and  properties  of 
he  Sahva  has  for  the  most  part  been  limited  to  the  fluid  obtained 
from  the  mouth,  rather  than  to  that  secreted  by  the  glands.  The 
specific  gi'avity  of  this  fluid  is  usually  (according  to  Lehmann)  from 
1004  to  1006;  but  it  may  rise  to  1008  or  1009,  or  may  sink  to  1002, 
without  any  indication  of  coexisting  disease.    When  examined  micro- 
;copieally,  the  Saliva  is  found  to  contain  a  small  number  of  minute 
orpuscles  derived  from  the  Salivary  glands,  and  large  epithelial-scales 
iirowTi  off  by  the  buccal  mucous  membrane.    Its  reaction  is  usually 
i.lkaline,  that  of  the  Saliva  fiu-nished  by  the  principal  glands  being  always 
I  )  (in  the  state  of  health),  whilst  that  of  the  buccal  mucous  membrane  is 
icid;  so  that  when  the  former  predominates,  as  is  always  the  case  when 
■  jod  is  being  masticated  and  digested,  the  saliva  of  the  mouth  is  alka- 
ine;  whilst,  when  the  latter  is  more  abundant,  as  is  often  the  case 
hu'iiig  the  intervals  of  digestion,  from  the  slow  rate  at  which  the  salivary 
dandulEe  then  pour  forth  their  product,  the  buccal  saliva  is  frequently 
icid. — The  following  are  two  of  the  most  recent  analyses  of  this  fluid 
liat  have  been  made ;  the  one  by  the  eminent  chemist  Frerichs,*  whose 
•ontributions  to  the  Physiology  of  Digestion  are  among  the  most  valu- 
ble  of  the  results  which  have  been  furnished  by  recent  inquiries  in  this 


lb 


*  "See  "  Canstatt's  Jahrcshericht,"  1850,  p.  136;  and  "Wagner's  IlandwcirterbiTch," 
I  t. '  Verdiiuung.'' 
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direction;  and  the  other  by  Dr.  Wright  ("  Lancet,"  March,  1842),  who 
has  made  a  siDCcial  study  of  the  Salivary  secretion. 

Dr.  Wriffht. 
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The  total  proportion  of  solid  matter,  as  the  analyses  shovsr,  is  subject  to 
great  variation ;  it  commonly  ranges  between  7  and  12  parts  in  1000,  but 
may  even  reach  1 6  parts.  We  shall  presently  see,  however,  that  this  varia- 
tion may  be  partly  attributed  to  a  difference  in  the  proportions  of  the 
fluid  pom-ed  into  the  mouth  by  the  several  glands  which  secrete  it. — The 
substance  to  which  the  designation  of  Ftyalin  is  given,  is  that  on  whose 
presence  the  peculiar  properties  of  the  Saliva  appear  to  depend ;  and  it 
appears,  as  regards  its  chemical  nature,  to  be  an  albuminous  compoimd, 
in  such  a  state  of  change,  however,  that  it  acts  the  part  of  a  'ferment.'* 
— The  presence  of  SuliDho-cyanogen  is  interesting,  not  only  because  this  is 
the  only  animal  product  in  which  this  substance  is  known  to  occur,  but 
because  tlie  uniformity  with  which  it  makes  its  appearance  when  seai'ched- 
for,  would  seem  to  indicate  that  it  performs  some  pecvdiai-  part  in  the 
operations  to  which  the  salivary  fluid  is  subservient.  Moreover,  in  a 
medico-legal  point  of  view,  the  existence  of  a  sulphocyanide  in  the  saliva 
has  a  special  imj)ortance ;  since,  if  in  a  state  of  sufficient  concentration,  it 
causes  the  saliva  to  exhibit  the  same  blood-red  colom-,  when  treated  with 
a  per-salt  of  iron,  as  that  which  is  produced  by  meconic  acid.  (The  dif- 
ference between  the  two,  however,  is  easily  made  apparent,  by  adding  a 
solution  of  perchloride  of  mercury ;  for  this  causes  the  colour  produced 
by  the  sulphocyanide  to  disappear,  whilst  it  has  no  action  on  that  which 
is  due  to  the  presence  of  meconic  acid.) — The  Salts  of  the  Saliva,  with  the 
exception  of  the  foregoing,  seem  to  coi-respond  closely  with  those  of  the 
blood ;  and  its  alkaline  reaction  appears  due,  not  to  the  presence  of  a  fi'ee 
alkali,  but  to  that  of  the  basic  phosphate  of  soda.  The  'tartar'  which 
collects  on  the  teeth  consists  principally  of  the  earthy  phosphates,  which 
are  held  together  by  about  20  per  cent  of  animal  matter ;  and  the  same  may 
be  said  of  the  salivary  concretions  which  occasionally  obstruct  the  ducts. 

*  The  following,  according  to  Prof.  Lehmann  (Lehrbuch  der  physiologischen  Chemie," 
band  ii.  p.  1 5),  are  the  distinctive  chemical  characters  of  ptyalin.  Being  held  in  solution 
by  an  alkali,  the  addition  of  a  little  acetic  acid  occasions  a  flocculent  precipitate,  which  readily 
dissolves  in  an  excess  of  the  acid.  When  boiled  with  hydrochlorate  of  ammonia  or  sulphate 
of  magnesia,  the  alkaline  solution  of  ptyalin  becomes  very  turbid  ;  it  is  precipitated  by  tannic 
acid,  bichloride  of  mercury,  and  basic  acetate  of  lead ;  but  not  by  alum,  sulphate  of  copper. 
&c.  The  acetic  acid  solution  is  strongly  precipitated  on  the  addition  of  ferrocj^anidc  of 
potassium  ;  and  when  boiled  with  nitric  acid,  it  yields  a  yellow  solution.  By  these  reactions 
it  is  shown  that  ptyalin  closely  resembles  both  albumen  and  casein,  without  being  identical 
with  either  of  them. 
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438.  From  the  experimeuts  of  MM.  Magendie*  and  CI.  Bernard,t 
however,  on  the  secretions  of  the  respective  glands,  as  obtained  directly 
from  themselves  by  tubes  passed  into  their  ducts,  it  appears  that  their 
composition  and  physical  characters  ai'e  by  no  means  uniform.    For  the 
fluid  of  the  parotid  and  sublingaial  glands  is  clear,  and  as  limpid  and  thin 
as  water,  and  contains  but  a  small  proportion  of  solid  matters  (not  more 
;  thaii  0-47  per  cent  in  the  dog,  and  0-76  per  cent  in  the  horse,  according 
I  to  Lehmaun  and  Jacubowitsch) ;  whilst  the  fluid  of  the  submaxillary  is 
thick  and  viscid,  resembling  in  colour  and  consistence  ordinary  simple 
?  syrup,  and  containing  a  far  larger  amount  of  solid  matters,  in  which  the 
organic  components,  however,  bear  a  smaller  proportion  to  the  salts,  than 
t  they  do  in  the  fluid  of  the  other  two  glands.    Now  it  has  been  observed 
by  Bernard,  that  the  flow  of  saUva  which  takes  place  dm-ing  mastication 
!  proceeds  almost  entuely  from  the  parotid  and  sublingual  glands ;  whilst, 
;  during  the  act  of  deglutition,  when  the  tongue  carries  the  bolus  back  into 
t  the  phai-ynx,  the  secretion  of  the  submaxillary  is  the  greatest.    Hence  it 
sn  seems  reasonable  to  conclude,  that  the  purpose  of  these  secretions  is  not 
identical;  that  of  the  parotid  and  sublingual  being  to  saturate  the  food 
I* when  mixed  up  with  it  in  the  act  of  mastication;  whilst  that  of  the  sub- 
imaxillary  seems  rather  destined  to  facilitate  deglutition.;}: — The  fluid  which 
sis  secreted  by  the  three  principal  glands,  moreover,  appears  (from  the 
experiments  of  Magendie  and  Bernard)  to  be  far  less  efficacious  than  is 
"the  buccal  saliva,  in  producing  that  chemical  change  in  the  food  which  it 
the  peculiar  attribute  of  this  secretion  to  exert  (§  439) ;  whence  it 
Jems  fau  to  conclude  that  the  'ferment'  to  which  this  change  is  due,  is 
shiefly  furnished  by  the  smaller  buccal  glandulse. — Of  the  quantity  of 
lahva  which  is  secreted  daily,  it  is  impossible  to  form  an  exact  estimate, 
since  it  vai'ies  greatly  with  the  character  of  the  food  ingested,  and  the 
'equency  with  which  that  food  is  taken ;  the  secreting  process  being, 
jindeed,  almost  suspended  when  the  masticator  muscles  and  tongue  are 
iompletely  at  rest,  unless  excited  by  a  nervous  stimulus.    The  taste,  the 
^ight,  or  even  the  idea,  of  savoury  food,  is  sufficient  to  cause  a  flow  of 
diva,  especially  after  a  long  fast ;  but  it  is  by  the  masticatory  move- 
iiments  that  this  flow  is  chiefly  promoted;  so  that  the  amount  poured  forth 
nmil  in  a  great  degree  depend  upon  the  duration  of  these  movements, — 
'ithis,  again,  being  governed  by  the  degi^ee  in  which  the  food  requires 
mechanical  reduction.    It  seems  probable  that  the  average  in  Man  is 
nbetween  15  and  20  ounces  daily. 

439.    There  can  be  little  doubt  that  the  most  important  action  of  the 
laliva  upon  the  food,  is  in  preparing  it  for  the  chemical  operations  to 
ritvhich  it  is  to  be  afterwards  subjected,  by  promoting  its  mechanical  re- 
Tuction  in  the  act  of  mastication,  and  by  facilitating  the  subsequent 

•  "Rapport  lu  dans  la  stance  de  Tlnstitut,"  Oct.  25,  1845. 
+  "Archives  Generales  de  Medecine,"  4ieme  s6rie,  torn.  xiii. 

X  This  idea  of  M.  Bernard's  was  confirmed  by  the  following  experiments.  He  made  an 
ppening  into  the  oesophagus  of  a  Horse,  from  which  he  drew  the  alimentary  bolus  as  it 
tescended  ;  and  on  weighing  it,  he  found  that  by  the  imbibition  of  saliva  it  had  increased 
Vevenfold.  He  next  tied  Wharton's  duct,  and  found  that  the  animal  rec^uircd  41  minutes 
[lO  masticate  what  had  previously  required  only  9  minutes ;  and  the  mass,  when  withdrawn 
rora  the  oesophagus,  was  covered  with  mucus  and  a  glutinous  fluid,  the  interior  being  dry  and 
Sable,  and  the  whole  increased  in  weight  only  three  and  a  Zta// times. 
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admixture  of  other  watery  fluids,  through  the  intimacy  with  which  it  is 
incorporated  with  the  alimentaiy  matter.    Its  pecuhar  physical  quahties 
give  it  a  remai'kable  adaptation  for  this  purpose ;  for  water  covild  not  be 
so  easily  or  completely  incorporated.   But  there  can  be  no  doubt  that  the 
peculiar  organic  constituent  of  the  saliva  has  a  chemical  action  upon  the 
farinaceous  elements  of  food ;  for  it  has  been  experimentally  proved  to 
have  the  power  of  converting  starch  or  dextrin  into  grape-sugar.  Tliis 
power  is  not  peculiar,  however,  to  the  Sahva ;  for  M.  Bernard  has  shown 
that  many  azotized  substances,  in  a  state  of  incipient  decomposition,  exert 
a  similar  agency;  still  it  ajDpears  to  be  possessed  by  ptyalin  in  a  much 
greater  degi'ee  than  by  any  of  these.    But  as  the  transformation,  at  the 
usual  temperatm'e  of  the  body,  is  not  effected  with  great  rapidity,  no  very 
great  amount  of  sugar  can  be  thus  generated,  previously  to  the  entrance 
of  the  food  into  the  stomach.    There,  however,  the  transforming  process 
may  continue ;  for  although  it  has  been  usually  stated  that  an  alkaline 
condition  of  the  fluid  is  necessary  for  the  operation  of  this  '  ferment,'  yet 
it  has  been  shown  by  Frerichs,  and  confirmed  by  Dr.  Bence  Jones,*  that 
this  action  continues  in  the  stomach,  notwithstanding  the  acid  condition 
which  the  Salivary  fluid  then  acqukes  from  admixtin-e  with  the  gastric 
fluid. — No  satisfactory  evidence  has  yet  been  obtained,  that  the  Saliva 
has  any  chemical  action  ujDon  azotized  substances;  and,  consequently,  as 
regards  these  constituents  of  the  food,  its  operation  must  be  considered  as 
purely  physical.    We  shaU  find  that  a  different  secretion  is  provided  for 
their  transformation,  which  has  no  action  upon  farinaceous  matter.t 

440.  On  its  entrance  into  the  Stomach,  the  food  is  subjected  to  the 
operation  of  the  Gastric  J nice,  which  is  secreted  by  the  follicles  in  its 
walls,  or  by  a  certain  part  of  them.  This  follicular  apparatus  is  ex- 
tremely extensive,  and  makes-up  the  chief  part  of  the  thickness  of  the 
gasti'ic  mucous  membrane.  If  this  be  divided  by  a  section  peipendicular 
to  the  surface,  it  is  seen  to  be  almost  entirely  composed  of  a  multitude  of 
parallel  tubuli  closely  applied  to  each  other,  their  csecal  extremities  abut- 
ting against  the  submucous  tissue,  and  their  open  ends  being  directed 
towards  the  cavity  of  the  stomach.  The  conformation  of  these  tubuli  is 
not  the  same,  however,  in  every  part ;  for  whilst  they  ai*e  usually  straight 
and  simple,  especially  in  the  cardiac  portion  of  the  stomach,  they  are 
longer  and  more  complicated  in  the  neighbourhood  of  the  pyloms,  their 
deeper  paints  presenting  a  sacculated  or  somewhat  convoluted  appearance 
(Fig.  92).  Between  the  tubuli,  blood-vessels  pass  up  from  the  submucoiis 
tissue,  and  form  a  vascular  network  on  its  surface,  in  the  interspaces  of 
which  the  orifices  of  the  tubes  are  seen  (Fig.  94).    From  the  examination 

*  "  Medical  Times,"  May  31  and  June  14,  1851. 

+  An  excellent  summary  of  the  present  state  of  our  knowledge  of  the  characters  and  offices 
of  the  Saliva,  is  given  by  Dr.  Bence  Jones  in  the  "Medical  Times"  for  May  31,  1851.  A 
summary  of  M.  Bernard's  researches  on  this  subject  will  be  foimd  in  the  "Amer.  Journ.  of 
Med.  Sci.,"  Oct.  1851.  The  Second  Volume  of  Prof.  Lehmann's  Physiological  Chemistry 
also  contains  a  large  amount  of  information  on  this  subject.  Among  the  most  important 
special  contributions  to  the  chemical  and  physiological  history  of  the  Saliva,  not  previously 
referred  to,  are  those  of  Leuchs,  by  whom  the  discovery  of  its  power  of  transforming  starch 
into  sugar  was  first  made  ("•  Kastner's  Archiv.,"  1831,  quoted  in  Mliller's  "Elements  of 
Physiology,"  p.  577),  Mialhe  ("  Memoire  sur  la  digestion  et  Tassimilation  des  matieres  amy- 
loides  et  sucrees,  1846),"  Jacubowitcsh  ("De  Saliva,"  diss,  inaug.  Dorpati  Liven.,  1848), 
and  Tilanus  (De  Saliva  et  Muco,"  diss,  inaug.,  Amstclod.,  1849). 
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of  horizontal  sections  of  the  Mucous  membrane  at 
different  depths,  Dr.  Todd  has  ascertained  that  the 
tubuli  are  arranged  in  bundles  or  groups,  surrounded 
and  bound-together  by  areolar  tissue ;  the  size  of  the 
bimcUes,  however,  and  the  number  of  tubules  con- 
tained in  them,  vaiy  considerably.  The  character  of 
the  mternal  sm-face  of  the  stomach,  and  the  mode 
in  which  the  tubuli  open  upon  it,  are  by  no  means 
ithe  same  in  different  parts  of  the  organ.    When  a 
well-injected  preparation  is  examined  with  the  micro- 
-eope,  it  is  seen  that  on  the  convex  surfaces  of  the 
i  ug£e  the  orifices  of  the  follicles  lie  singly  in  the 
uterspaces  of  the  capillary  network  (Fig.  94,  a). 
lUit  a  large  proportion  of  the  surface  exhibits  a  sort 
f  honeycombed  appearance,  being  divided  by  parti- 
lon-like  elevations  into  pits  which  are  more  or  less 
ircular  or  hexagonal  in  form,  their  usual  diameter 
eing  fi'om  100th  to  l-250th  of  an  inch,  and  their 
epth  variable;  in  the  bottom  of  each  of  these  pits, 
om  three  to  five  (and  sometimes  more)  orifices  of 
he  gastric  follicles  may  be  seen  (Fig.  93).  The 
idges  which  divide  these  pits  or  alveoli  are  highly 
ascular ;  and  the  orifices  of  the  follicles  lie,  as  before, 
a  the  interspaces  of  a  capillary  network  which  covers 
he  floor  of  each  depression.   As  we  pass  towards  the 
yloric  portion  of  the  stomach,  however,  the  ridges 
'hich  divide  the  alveoli  become  more  and  more 
levated,  and  present  conical  elongations  at  certain 
oints;   and  these  elongations  become  more  and 
lore  marked,  until,  in  the  neighbourhood  of  ^  the 
yloric  orifice,  they  assume  the  form  and  appearance 
■  the  villi  of  the  small  intestine  (Fig.  94,  b),  being, 
owever,  of  much  smaller  size,  and  destitute  of  the 
cteal  absorbents  which  give  to  the  latter  their  dis- 
nctive  character.* — Of  the  contents  of  the  gastric 
Hides,  an  account  has  been  already  given  (§  235); 
om  which  it  is  obvious  that  here,  as  elsewhere,  the 
3culiar  product  which  it  is  their  province  to  elabo- 
.te  and  discharge,  is  prepared  by  the  agency  of 
e  cells  which  are  successively  generated  in  their 
terior. 


Section  of  the  Mucous 
Membrane  of  the  Stomach, 
near  the  pylorus,  showing 
the  Gastric  Follicles: — a, 
magnified  3  times  ;  b,  mag- 
nified 20  times. 

Fig.  93. 


Portion  of  the  Mucous 
Membrane  of  the  Stomach, 
showing  entrances  to  the 
gastric  follicles,  in  pits  upon 
its  surface. 


"  See  Dr.  Sprott  Boyd's  '  Inaugural  Dissertation  on  the  Mucous  Membrane  of  the 
imach,'  in  the  "  Edinb.  Med.  and  Surg.  Journ.,"  vol.  xlvi.  ;  Dr.  Todd's  '  Gulstoniau 
>:tures  on  the  Physiology  of  the  Stomach,'  in  the  "Medical  Gazette,"  1839;  and  a 
moir  by  Dr.  Neill  on  the  '  Structure  of  the  Mucous  Membrane  of  the  Human  Stomach,' 
the  "Amer.  Journ.  of  Med.  Sci.,"  Jan.  1851. — Dr.  Neill's  object  has  been  to  bring  pro- 
lently  into  view  the  villous  structure  of  the  pyloric  portion  of  the  stomach,  and  the 
ingement  of  the  capillaries  in  other  parts.  In  his  exclusive  attention  to  these,  liowever, 
has  under-estimated  the  import  of  the  orifices  of  the  gastric  follicles,  which  he  speaks  of  as 
imply  the  subdivisions  of  the  cells  into  smaller  and  deeper  ones  by  tlie  arrangement  of  the 
'id-vesscls."  There  cannot  be  the  slightest  doubt  that  this  arrangement  of  the  blood- 
^eh  is  altogether  subordinate  to  the  existence  and  functional  activity  of  the  gastric 
ifies. 
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Fig.  9  i. 


Appearance  of  the  lining  membrane  of  the  Stomach,  in  an  injected  preparation : — a,  from  the 
convex  surface  of  the  rugse  ; — b,  from  the  neighbourhood  of  the  pylorus,  where  the  orifices  of  the 
gastric  follicles  occupy  the  interspaces  of  the  deepest  portions  of  the  vascular  network. 

441.  The  nature  and  composition  of  tlie  Gastfic  Juice  which  is  secreted 
and  poured  forth  by  this  follicular  aj^paratus,  have  been  the  subjects  of 
much  discussion  among  Chemists;  and  tho\igli  certain  points  may  be 
considered  as  satisfactorily  determined ;  there  are  others  which  still  re- 
main doubtful.  —  This  liquid,  when  obtained  without  admixture  with 
saliva,  is  clear,  tiunsparent,  colourless  or  slightly  yellow,  and  has  veiy 
little  viscidity.    Its  specific  gravity  is  not  much  above  that  of  water;  aud 
according  to  the  analysis  of  Frerichs,  it  does  not  contain  above  1-72  per 
cent  of  solid  matter,  of  which  more  than  half  seems  to  consist  of  the  pecu- 
liar 'ferment'  to  be  presently  described,  the  remainder  being  composed  of 
the  chlorides  and  phosphates  of  potass,  soda,  lime,  and  magnesia.  Micro- 
scopic examination  indicates  the  persistence  of  a  few  of  the  cells  exuviated 
from  the  interior  of  the  g-astric  follicles;  but  these  for  the  most  part  leave 
no  other  traces  than  their  nuclei  aud  a  fine  molecular  matter  aiisino-  from 
their  disintegration.    Tiic  most  characteristic  featm-e  of  the  gastric  fluid, 
is  its  decided  acidity,  which  is  very  perceptible  to  the  taste.   With  regard 
to  the  natm-e  of  the  acid,  however,  there  has  been  much  discrejjaucy  of 
opinion  amongst  Chemists;  for,  simple  as  the  problem  of  its  determina- 
tion might  seem,  yet  it  is  comj)licated  by  the  very  peculiar  property 
Avhich  lactic  acid  possesses  of  decomposing  the  alkahne  chlorides  at  a 
certain  elevation  of  temperature,  the  degi-ee  being  partly  determined  by 
the  strength  of  the  solution.    Hence,  supposing  lactic  acid  to  be  present 
in  the  stomach  with  chloride  of  sodium,  the  fluid  which  passes  over  by 
distillation  will  at  first  be  destitute  of  hydrochloric  acid;  but,  as  the 
liquor  becomes  more  concentrated,  and  the  temperatm-e  rises,  hydi'O- 
chloric  acid  will  appear.    This,  it  has  been  alleged  by  Bernard,  R.  D- 
Thomson,  Lehmaun,  aud  other  Chemists,  is  the  tiaie  source  of  the  hydro- 
chloric acid  which  may  be  always  obtained  from  the  gastric  juice  by  this 
process ;  and  it  is  affirmed  by  them  that  Lactic  acid  is  the  real  ageat  in 
the  solvent  process  to  which  that  fluid  is  subservient,  the  presence  of  free 
lactic  acid  in  the  stomach  having  been  determined  by  other  means.  But 
however  true  this  conclusion  may  be  in  regard  to  dogs  and  pigs,  which 
are  the  animals  that  have  been  chiefly  exj)erimented-on  for  this  purpose, 
there  appears  to  be  valid  evidence  that  it  is  not  applicable  to  Man. 
the  first  place,  the  great  readiness  with  which  hydrochloric  acid  was 
obtained  by  Prof.  Dmigiison  from  the  pure  gastric  fluid  drawn  from  the 
stomach  of  Alexis  St.  Martin,  and  the  fact  that  the  smell  of  hydrochloric 
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acid  might  be  distinctly  recognized  in  the  fresh  juice,*  are  strong  evi- 
dences in  favour  of  tlie  belief  that  (as  originally  maintained  by  Dr. 
Front)  free  hydi-ochloric  acid  is  present  in  this  flnid,  and  that  it  is  the 
principal  if  not  the  only  source  of  its  acidity.  And  an  opportunity 
having  been  recently  afforded  to  Dr.  Bence  Jones  of  obtaining  pure  gastric 
fluid,  and  this  having  been  placed  in  the  hands  of  Prof  Graham  for  exa- 
mination, this  distinguished  Chemist  has  succeeded  in  separating  hydro- 
.  chloric  acid  from  it  by  his  metliod  of  'liquid  diffLision,'  which  is  not  open 
;  to  the  objection  that  applies  to  distillation;  and  although  he  has  found 
free  lactic  acid  to  be  also  present,  its  quantity  is  comparatively  small,  t 
The  truth  appeai-s  to  be,  that  both  the  hydrochloric  and  lactic  acids  may 

igive  to  the  gastric  fluid  the  peculiar  solvent  power,  which  (as  will  be 
presently  shown)  it  possesses  for  albuminous  substances,  and  that  one 
Q may  take  the  place  of  the  other;  so  that  whilst  in  Man,  hydrochloric  acid 
is  the  chief  source  of  the  acidity,  lactic  acid  may  be  so  in  the  dog  and  pig. 
Acetic,  butyric,  and  phosphoric  acids  have  also  been  occasionally  met  with 
in  the  gastric  fluid;  but  they  can  scarcely  be  reckoned  among  its  normal 
constituents. 

442.  The  peculiar  organic  'ferment'  of  the  gastric  juice,  to  which  the 
Biame  of  Fej^sin  has  been  given,  was  first  obtained  in  an  isolated  state  by 
(Wasmann;  who  has  given  the  following  account  of  the  properties  and 
reactions  of  that  which  he  procured  from  the  mucous  membrane  of  the 
Istomach  of  the  Pig,  which  greatly  resembles  that  of  Man.    When  this 
Knembrane  is  digested  in  a  large  quantity  of  water  at  from  85°  to  95°, 
amany  other  matters  are  removed  from  it  besides  pepsin ;  but  if  this  water 
*be  poured-off,  and  the  digestion  be  continued  with  fresh  water  in  the  cold, 
tveiy  little  but  pepsin  is  then  taken  up.    Pepsin  appears  to  be  but  spar- 
oingly  soluble  in  water;  when  its  solution  is  evaporated  to  dryness,  there 
""emains  a  brown,  greyish,  viscid  mass,  with  the  odour  of  glue,  and  having 
he  appeai'ance  of  an  extract.    The  solution  of  this  in  water  is  turbid,  and 
still  possesses  a  portion  of  the  characteristic  power  of  pepsin,  but  greatly 
•educed.    When  strong  alcohol  is  added  to  a  fresh  solution  of  pepsin,  the 
atter  is  precipitated  in  white  flocks,  which  may  be  collected  on  a  filter, 
uid  produce  a  grey  compact  mass  when  dried.    Pepsin  enters  into  che- 
iiical  combination  with  many  acids,  forming  compounds  which  still 
edden  litmus  paper;  and  it  is  when  thus  united  with  acetic  and  mm-iatic 
icids,  that  its  solvent  powers  are  the  greatest. ^ — The  general  result  of 
ater  inquiries  has  been  to  confirm  the  views  laid  down  in  the  following 
itatement  of  Wasmann's  inquiries.    "  In  regard  to  the  solvent  power  of 
jepsin  for  coagidated  albumen,  it  was  observed  by  M.  Wasmann  that  a 

*  See  Prof.  Dunglison's  "  Human  Physiology,"  7th  edit.,  vol.  i.  pp.  585-6. 

t  For  his  knowledge  of  this  fact,  the  Author  is  indebted  to  Prof.  Graham. — That  Hydro- 
liloric  acid  is  the  source  of  the  acidity  of  the  gastric  juice  has  also  been  maintained  by 
iuderlin  ("  Canstatt's  Jahresbericht,"  1843,  p.  149),  and  recently  by  Hubbenet  ("  Disqui- 
iiiones  de  Succo  Gastrico,"  diss,  inaug.,  Dorpat,  1850). 

t  It  has  been  supposed  by  Prof.  Schmidt  (of  Dorpat),  that  the  union  of  pepsin  with  these 
lid  other  acids  forms  a  '  conjugated '  acid  58,  note\  which  possesses  the  property  of  form- 
ig  soluVile  compounds  with  albuminous  and  other  azotized  substances  ;  but  the  existence  of 
ich  an  acid  has  not  been  determined  by  the  analysis  of  any  combination  either  with  a 
imeral  b;ise  or  with  an  albuminous  substance;  and  the  numerous  experiments  which  have 
i  cn  made  by  Prof.  Lehmann  regarding  the  digestive  agents  and  substances  to  be  digested 
idicate  no  such  definite  proportion  between  them,  as  this  view  of  the  constitution  of  iho 
inner  would  ref|uire. 
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liquid  which  contains  17-10,000ths  of  acetate  of  pepsin,  and  G  drops  of 
hydrochloric  acid  per  ounce,  possesses  a  very  sensible  solvent  power,  so 
that  it  will  dissolve  a  thin  slice  of  coagulated  albumen  in  the  coiu-se  of 
6  or  8  hours'  digestion.  With  12  drops  of  hydrochloric  acid  per  ounce, 
the  white  of  egg  is  dissolved  in  2  hours.  A  liquid  which  contains  ^  gv. 
of  acetate  of  pepsin,  and  to  which  hydrochloric  acid  and  white  of  egg  are 
alternately  added,  so  long  as  the  latter  dissolves,  is  capable  of  taking  up 
210  gi-aius  of  coagulated  white  of  egg  at  a  temperature  between  95°  and 
104°.  It  woidd  appear,  from  such  experiments,  that  the  hydrochloric  acid 
is  the  true  solvent,  and  that  the  action  of  the  pepsin  is  limited  to  that  of 
disjiosing  the  white  of  egg  to  dissolve  in  hydi-ochloric  acid.  The  acid 
when  alone  dissolves  white  of  egg  by  ebullition,  just  as  it  does  under  the 
influence  of  pepsin ;  from  which  it  follows  that  pepsin  replaces  the  effect 
of  a  high  temperature,  which  is  not  possible  in  the  stomach.  The  same 
acid  with  pepsin  dissolved  blood,  fibrin,  meat  and  cheese;  while  the 
isolated  acid  dissolved  only  an  insignificant  quantity  at  the  same  tem- 
perature; but  when  raised  to  the  boiling  point,  it  dissolved  nearly  as 
mucli,  and  the  part  dissolved  appeared  to  be  of  the  same  nature.  The 
epidermis,  horn,  the  clastic  tissue  (such  as  the  fibrous  membrane  of 
arteries)  do  not  dissolve  in  a  dihite  acid  containing  pepsin.  M.  Wasmaini 
has  remarked  that  tlic  pepsin  of  the  stomach  of  the  pig  is  entirel}'^  desti- 
tute of  tlie  power  to  coagulate  milk,  although  the  pepsin  of  the  stomach 
of  the  calf  possesses  it  in  a  very  high  degree;  from  which  he  is  led  to 
suj)pose,  that  the  power  of  the  latter  depends  upon  a  pnrticular  modifica- 
tion of  pepsin,  or  pei'haps  upon  another  substance  accomjianying  it,  wliich 
ceases  to  be  formed  when  the  yoiuig  animal  is  no  longer  noiuished  by  the 
milk  of  its  mother."  * 

443.  It  is  only  when  either  alimentary  or  some  other  substances  capa- 
ble of  exciting  irritation  are  present  in  the  Stomach,  that  this  acid 
secretion  is  poured  forth.  So  long  as  it  is  empty,  the  secretion  whicli 
moistens  its  walls  is  neutral  or  even  alkaline;  but  as  soon  as  food  is 
taken,  acid  is  poured  forth,  and  this  in  increasing  quantities,  until  a 
certain  time  after  the  commencement  of  the  digestive  process,  when  the 
acidity  of  the  stomach  is  at  its  maximum.  In  proiDortion  as  the  ali- 
mentary matter  is  dissolved,  however,  and  is  either  at  once  absorbed, 
or  escapes  through  the  pyloric  orifice,  the  acidity  of  the  stomach  di- 
minishes ;  and  as  soon  as  its  cavity  is  emptied,  the  secretion  of  its  walls 
is  neutral  again,  t — A  very  important  series  of  observations  on  the  con- 
ditions under  which  the  Gastric  juice  is  secreted,  was  made  some  yeai's 
since  by  Dr.  Beaumont,  in  the  remarkable  case  of  Alexis  St.  Martin, 
already  several  times  referred  to. J  "The  inner  coat  of  the  stomach  (as 
seen  through  the  fistulous  orifice)  in  its  natural  and  healthy  state,  is  of  a 
light  or  pale  pink  colour,  varying  in  its  hues,  according  to  its  fall  or 
empty  state.  It  is  of  a  soft  or  velvet-like  appearance,  and  is  constantly 
covered  with  a  very  thin,  transparent,  viscid  mucus,  lining  the  whole 
interior  of  the  organ.  By  applying  aliment  or  other  irritants,  to  the 
internal  coat  of  the  stomach,  and  observing  the  effect  through  a  magnify- 

•  Prof.  Graham's  "  Elements  of  Chemistry,"  pp.  1031-1033. 
+  See  Dr.  Rence  .Tones,  in  "  Medical  Times,"  June  14,  1852. 

j  See  Dr.  Beaumont  s  "  Experiments  and  Observations  on  tlie  Gastric  Juice  and  the 
Physiology  of  Digestion,"  reprinted  with  notes  by  Dr.  Andrew  Combe,  Edinb.,  lt)38. 
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iug-  glass,  innumerable  lucid  points,  and  very  fine  [nervous  or  vascular] 
papillfB  can  be  seen  arising  from  the  villous  membrane,  and  protruding 
through  the  mucous  coat,  from  which  distils  a  pure,  limpid,  colourless, 
slightly  viscid  fluid."  (The  papilla)  here  described  appear  to  be  the  orifices 
of  "tho"^  gustric  follicles,  which  are  usually  closed  by  their  epithelial  cells 
during  fasting,  and  which  would  seem  to  become  prominent  when  the  vis 
a  tergo  of  the  secreted  fluid  first  causes  this  plug  of  cells  to  be  cast  forth.) 
"  The  fluid  thus  excited  is  invariably  distinctly  acid.    The  mucus  of  the 
stomach  is  less  fluid,  more  viscid  or  albuminous,  semi-opaque,  sometimes 
a  little  saltish,  and  does  not  possess  the  slightest  character  of  acidity.  The 
gastric  fluid  never  appears  to  be  accumulated  in  the  cavity  of  the  stomach 
while  fasting ;  and  is  seldom,  if  ever,  discharged  from  its  proper  secerning 
vessels,  except  when  excited  by  the  natural  stimulus  of  aliment,  mecha- 
nical irritation  of  tubes,  or  other  excitants.    When  aliment  is  received, 
the  juice  is  given  out  in  exact  proportion  to  its  requirements  for  solution, 
except  wheu  more  food  has  been  taken  than  is  necessary  for  the  wants  of 
the  system." — The  observations  of  Dr.  Beaumont  have  been  confirmed  by 
those  of  M.  Blondlot*  and  of  M.  CI.  Bernard,t  Avhich  were  made  upon 
Dogs,  in  whose  stomachs  fistulous  openings  were  maintained  for  a  length 
of  time.    They  found  that  the  flow  of  gastric  fluid  is  more  excited  by 
;  pej^per,  salt,  and  soluble  stimulants,  than  it  is  by  mechanical  irritation ; 
:  and  that  if  mechanical  ii-ritation  be  carried  beyond  certain  limits,  so  as  to 
{produce  pain,  the  secretion,  instead  of  being  more  abundant,  diminishes 
or  ceases  entirely ;  whilst  a  ropy  mucus  is  poured  out  instead,  and  the 
movements  of  the  stomach  ai'e  considera.bly  increased.    The  animal  at  the 
same  time  appears  ill  at  ease,  is  agitated,  has  nausea,  and,  if  the  irritation 
be  continued,  actual  vomiting  j  and  bile  has  been  observed  to  flow  into 
the  stomach,  and  escape  by  the  fistulous  opening.    Similar  disorders  of 
the  functions  of  the  stomach  result  from  violent  pain  in  other  parts  of  the 
body;  the  process  of  digestion  in  such  cases  being  suspended,  and  some- 
times vomiting  excited.    When,  acidulated  substances,  as  food  rendered 
ucid  by  the  addition  of  a  little  vinegar,  were  introduced  into  the  stomach, 
the  quantity  of  gastric  fluid  poured  out  was  much  smaller,  and  the  diges- 
tive process  consequently  slower,  than  when  similar  food,  rendered  alkaline 
)y  a  weak  solution  of  carbonate  of  soda,  was  introduced.    If,  however, 
nstead  of  a  weak  solution,  carbonate  of  soda  in  crystal  or  in  powder  was 
I  itroduced  into  the  stomach,  a  large  quantity  of  mucus  and  bile,  instead 
jf  gastric  fluid,  flowed  into  the  stomach ;  and  vomiting  and  purging  very 
•ften  followed.    When  very  cold  water,  or  small  pieces  of  ice,  were  intro- 
iaced  into  the  stomach,  the  mucous  membrane  was  at  first  rendered  very 
)allid ;  but  soon  a  kind  of  reaction  followed,  the  membrane  became  turgid 
vith  blood,  and  a  large  quantity  of  gastric  fluid  was  secreted.    If,  liow- 
ver,  too  much  ice  was  employed,  the  animal  appeared  ill,  and  shivered; 
ind  digestion,  instead  of  being  rendered  more  active,  was  retarded.  Mo- 
lerate  heat,  applied  to  the  mucous  surface  of  the  stomach,  appeared  to 
lave  no  particular  action  on  digestion;  but  a  high  degree  of  heat  pro- 
laced  most  serious  consequences.    Thus,  the  introduction  of  a  little  boil- 
ng  water  threw  the  animal  at  once  into  a  kind  of  adynamic  state,  which 
vas  followed  by  death  in  three  or  four  hours;  the  mucous  membrane  of 

*  "  Traite  Analytiquc  de  la  Digestion." 

t  "  Arcbiv.  d'Anat.  Gen.  ot  dc  Physiol,"  Jan.  1846. 
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the  stomach  was  found  red  and  swollen,  whilst  an  abundant  exudation  of 
blackish  blood  had  taken  place  into  the  cavity  of  the  organ.  Similar 
injurious  effects  resulted  in  a  greater  or  less  degree,  from  the  inti'oduction 
of  other  irritants,  such  as  nitrate  of  silver  or  ammonia;  the  digestive 
functions  being  at  once  abolished,  and  the  mucous  surface  of  the  organ 
rendered  highly  sensitive. 

444.  That  the  quantity  of  the  Gastric  Juice  secreted  from  the  walls  of 
the  stomach  depends  rather  upon  the  general  requirements  of  the  system, 
than  upon  the  quantity  of  food  introduced  into  the  digestive  cavity,  is  a 
principle  of  the  highest  practical  importance,  and  cannot  be  too  steadily 
kept  in  view  in  Dietetics.    A  definite  j^'t'ojyortion  only  of  aliment  can  be 
perfectly  digested  in  a  given  quantity  of  the  fluid;  the  action  of  which, 
like  that  of  other  chemical  operations,  ceases  after  having  been  exercised 
on  a  fixed  and  definite  amount  of  matter.    "  When  the  juice  has  become 
saturated,  it  refuses  to  dissolve  more ;  and,  if  an  excess  of  food  has  been 
taken,  the  residue  remains  in  the  stomach,  or  passes  into  the  bowels  in  a 
crude  state,  and  becomes  a  source  of  nervous  irritation,  pain,  and  disease, 
for  a  long  time."    The  unfavourable  effect  of  an  undue  burthen  of  food 
upon  the  Stomach  itself,  interferes  with  its  healthy  action :  and  thus  the 
quantity  really  appropriate  is  not  dissolved.    The  febrile  disturbance  is  thus 
inci-eased;  and  the  mucous  membrane  of  the  stomach  exhibits  evident 
indications  of  its  morbid  condition.    The  description  of  these  indications 
given  by  Dr.  Beaumont,  is  peculiarly  graphic,  as  well  as  Hygienically 
important.    "  In  disease,  or  partial  derangement  of  the  healthy  function, 
the  mucous  membrane  presents  various  and  essentially-different  appear- 
ances.   In  febrile  conditions  of  the  system,  occasioned  by  whatever 
cause, — obstructed  perspiration,  undue  excitement  by  stimulating  liquors, 
overloading  the  stomach  with  food,  feai',  anger,  or  whatever  depresses  or 
disturbs  the  nervous  system, — the  villous  coat  becomes  sometimes  red 
and  dry,  at  other  times  pale  and  moist,  and  loses  its  smooth  and  healthy 
appearance;  the  secretions  become  vitiated,  greatly  diminished,  or  even 
suppressed;  the  coat  of  mucus  scarcely  perceptible,  the  follicles  flat  and 
flaccid,  with  secretions  insufficient  to  prevent  the  papillae  from  irritation. 
There  are  sometimes  found,  on  the  internal  coat  of  the  stomach,  eruptions 
of  deep-red  pimples,  not  numerous,  but  distributed  here  and  there  upon 
the  villous  membrane,  rising  above  the  surface  of  the  mucous  coat. 
These  are  at  first  shai'p-pointed,  and  red,  but  frequently  become  filled 
with  white  purulent  matter.    At  other  times,  irregular,  ch-cumscribed 
red  patches,  vai'ying  in  size  and  extent  from  half  an  inch  to  an  inch  and 
a  half  in  circumference,  ai'e  found  on  the  internal  coat.    These  appear  to 
be  the  efiects  of  congestion  in  the  minute  blood-vessels  of  the  stomach. 
There  are  also  seen  at  times  small  aj)hthous  crusts,  in  connection  with 
these  red  patches.    Abrasion  of  the  lining  membrane,  like  the  rolling-up 
of  the  mucous  coat  into  small  shreds  or  strings,  leaving  the  papilla 
bare  for  an  indefinite  space,  is  not  an  uncommon  appeai-ance.  These 
diseased  appearances,  when  very  slight,  do  not  always  affect  essentially 
the  gastric  apparatus.    When  considerable,  and  particulai-ly  when  there 
are  corresponding  symptoms  of  disease, — as  dryness  of  the  mouth,  thiret, 
accelerated  pulse,  &c. — no  gastric  juice  can  he  extracted  hy  the  alimentary 
stimulus.    Drinks  are  immediately  absorbed  or  otherwise  disi^osed  of; 
but  food  taken  in  this  condition  of  the  stomach  remains  undigested  for 
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twenty-foiu"  or  forty-eight  hours,  or  more,  increasing  the  derangement  of 
tlie  ahmentary  canal,  and  aggravating  the  general  symiDtoms  of  disease. 
After  excessive  eating  or  di'inking,  chymification  is  retarded;  and,  though 
the  appetite  be  not  always  impaired  at  first,  the  fluids  become  acrid  and 
sharp,  excoriating  the  edges  of  the  aperture,  and  almost  invariably  pro- 
ducing aphthous  patches  and  the  other  indications  of  a  diseased  state  of 
the  internal  membrane.  Vitiated  bile  is  also  found  in  the  stomach  under 
these  circumstances,  and  flocculi  of  mucus  are  more  abundant  than  in 
health.  Whenever  this  morbid  condition  of  the  stomach  occurs,  with 
the  usual  accompanying  symptoms  of  disease,  there  is  generally  a  corre- 
sponding appearance  of  the  tongue.  When  a  healthy  state  of  the 
stomach  is  restored,  the  tongue  invai'iably  becomes  clean."  * 

445.  That  the  secretion  of  Gastric  Juice  is  affected  in  a  very  marked 
manner  by  conditions  of  the  Nervous  system,  is  indicated  by  the  effect  of 
mental  emotions  in  putting  an  immediate  stop  to  the  digestive  process, 
when  it  is  going  on  with  full  vigour.  But  it  is  still  more  conclusively 
proved  by  the  effect  of  division  of  the  Pueumogastric  nerve;  wliich 
almost  instantaneously  checks  the  elaboration  of  the  fluid.  The  most 
satisfactory  evidence  of  the  influence  of  this  operation  is  afforded  by  the 
experiments  of  M.  Bernard  upon  dogs  in  whose  stomachs  fistulous  orifices 
had  been  established.  For  when  the  section  was  made  during  the 
free  flow  of  gastric  juice  (through  a  canula  previously  introduced  into 
the  stomach),  excited  by  the  presence  of  an  alimentary  bolus,  the  flow 
immediately  ceased,  and  the  mucous  membrane,  which  had  been  tense 
and  tm-gid  the  moment  before,  became  withered  and  pale.  On  intro- 
ducing the  finger  into  the  stomach  itself,  the  walls  were  perceived  to 
be  perfectly  flaccid,  and  there  was  no  longer  the  gentle  ]3re8sure  which 
had  been  previously  felt.  The  rapidity  and  completeness  of  this  influ- 
ence are  flirther  demonstrated  by  the  following  ingenious  experiment, 
devised  by  M.  Bernai-d.  The  two  substances  eimdsin  (the  albuminous 
matter  found  in  almonds)  and  amygladin  (the  active  principle  of  bitter 
akiionds)  are  quite  iimocuous  when  administered  separately ;  but  when 
they  arc  united,  a  production  of  hydrocyanic  acid  takes  place ;  so  that,  if 
this  should  occur  in  the  stomach  of  an  animal,  the  poison  proves  fatal, 
provided  that  it  be  generated  in  sufficient  quantity.  If,  however,  the 
emulsin  be  given  first,  and  the  amygdalin  half  an  hour  afterwards,  no 
such  result  occurs ;  because  the  properties  of  the  emulsin  are  so  changed 

*  Dr.  A.  Combe's  commentary  on  the  above  passage  is  too  apposite  to  be  omitted. 
"  Many  persons  who  obviously  live  too  freely,  protest  against  the  fact,  because  they  feel  no 
immediate  inconvenience,  either  from  the  quantity  of  food,  or  the  stimulants  in  which  they 
habitually  indulge  ;  or,  in  other  words,  because  they  experience  no  pain,  sickness,  or  head- 
ache,—nothing,  perhaps,  except  slight  fulness  and  oppression,  which  soon  go  off.  'observa- 
tion extended  over  a  sufficient  length  of  time,  however,  shows  that  the  conclusion  drawn  is 
entirely  fallacious,  and  that  the  real  amount  of  injury  is  not  felt  at  the  moment,  merely 
because,  for  a  wise  purpose,  nature  has  deprived  us  of  any  consciousness  of  either  the  exist- 
ence or  the  state  of  the  stomach  during  health.  In  accordance  with  this,  Dr.  Beaumont's 
experiments  prove,  that  extensive  ery thematic  inflammation  of  the  mucous  coat  of  the  stomach 


Martin  s  stomach,  and  its  inflamed  patches,  not  been  visible  to  the  eye,  he  too  might  h-ive 
pleaded  that  his  temporary  excesses  did  him  no  harm;  but,  when  they  presented  thoni' 
selves  m  sucii  legible  characters  that  Dr.  Beaumont  could  not  miss  seeing  them,  artrumonf  .n„l 
supposition  were  at  an  end,  and  the  broad  fact  could  not  be  denied  " 
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by  the  gastric  fluid  secreted  during  the  interval,  that  it  no  longer  gene- 
I'atcs  hydrocyanic  acid  with  amygdalin.  But  if  the  cmulsin  be  given  to 
an  animal  whose  pneumogastric  nerves  have  been  just  divided,  and  the 
amygdalin  be  administered  half  an  hour  subsequently,  the  effect  is  the 
same  as  if  the  two  substances  had  been  given  at  one  time ;  showing  that 
no  secretion  of  gastric  fluid  could  have  taken  place. — The  first  obvious 
effects  of  this  operation  are  vomiting  (in  animals  that  ai'e  capable  of  it) 
and  loathing  of  food ;  and  the  arrestment  of  the  digestive  process  is  in- 
dicated, on  post-mortem  examination  some  hours  afterwai'ds,  by  the 
absence  of  any  digestive  change  in  food  that  may  have  been  taken  just 
previously  to  the  operation,  and  that  has  not  been  ejected  from  the 
stomach. 

446.  Bu.t,  as  was  first  proved  by  Dr.  John  Eeid,*  a  re-establishmcnt 
of  the  digestive  power  manifests  itself  after  an  interval  of  some  days,  if 
the  animals  should  sui-vive  so  long.    In  the  animals  which  died  within 
the  first  fom'  or  five  days,  no  indication  of  this  restoration  could  be 
discovered  by  Dr.  R. ;  in  those  which  survived  longer,  great  emaciation 
took  place ;  but  when  life  was  sufficiently  prolonged,  the  power  of  assimi- 
lation seemed  almost  completely  restored.    This  was  the  case  in  four  out 
of  the  seventeen  dogs  experimented  on;  and  the  evidence  of  this  restoror 
tion  consisted  in  the  recovery  of  flesh  and  blood  by  the  animals,  the 
vomiting  of  half-digested  food  permanently  reddening  litmus  paper,  the 
disappearance  of  a  considei-able  quantity  of  alimentary  matter  from  the 
intestinal  canal,  and  the  existence  of  chyle  in  the  lacteals.    It  may  serve 
to  account  in  some  degree  for  the  contraiy  results  obtained  by  other 
experimenters,  to  state  that  seven  out  of  Dr.  R.'s  seventeen  experiments 
wei'e  performed  before  he  obtained  any  evidence  of  digestion  after  the 
operation,  and  that  the  four  which  furnished  this  followed  one  another 
almost  in  succession ;  so  tliat  it  is  easy  to  understand  why  those,  who  were 
satisfied  with  a  small  number  of  experiments,  should  have  been  led  to 
deny  it  altogether. — Another  series  of  experiments  was  performed  by  Dr. 
Reid,  for  the  purpose  of  testing  the  validity  of  the  results  obtained  by 
Sir  B.  Brodie,  relative  to  the  effects  of  section  of  the  Pai-  Vagum  upon  the 
secretions  of  the  stomach,  after  the  introduction  of  arsenious  acid  into  the 
system.    According  to  that  eminent  Surgeon  and  Physiologist,t  when  the 
poison  was  introduced  after  the  Pneumogastric  had  been  divided  on  each 
side,  the  quantity  of  the  protective  mucous  and  wateiy  secretions  was  much 
less  than  usual,  although  obvious  marks  of  inflammation  were  present 
In  order  to  avoid  error  as  much  as  possible,  Dr.  Reid  made  five  sets  of 
experiments,  employing  two  dogs  in  each,  as  nearly  as  possible  of  equal 
size  and  strength,  introducing  the  same  quantity  of  the  poison  into  the 
system  of  each  in  the  same  manner,  but  cutting  the  Vagi  in  one,  and 
leaving  them  entire  in  the  other.    This  coynimrative  mode  of  experiment- 
ing is  obviously  the  only  one  admissible  in  such  an  investigation.  Its 
result  was  in  every  instance  opposed  to  the  statements  of  Sir  B.  Brodie; 
the  quantity  of  the  mucous  and  watery  secretions  of  the  stomach  being 
nearly  the  same  in  each  individual  of  the  respective  pairs  subjected  to  expe- 

*  "  Edinb.  Med.  and  Surg.  Journ.,"  April,  183.9  ;  and  "  Physiologicnl,  Anatomical,  and 
Pathological  Researches,"  chap.  v. — Dr.  Reid's  results  have  been  confirmed  as  to  this  im- 
portant particular  by  llubbenet  (Op.  cit.) 

t  "  Philosophical  Transactions,"  1814,  p.  102, 
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riment ;  so  that  their  production  can  no  longer  be  referred  to  the  influence 
of  the  Pneumogastric  nerves.    Moreover,  the  appearances  of  inflammation 
Avere,  in  four  out  of  the  five  cases,  greatest  in  the  animals  whose  Vagi  were 
left  entire ;  and  this  seemed  to  be  referable  to  the  longer  duration  of  their 
lives  after  the  arsenic  had  been  introduced.    The  results  of  Sir  B.  Brodie's 
I  experiments  may  perhaps  be  explained,  by  the  speedy  occurrence  of  death 
i  in  the  subjects  of  them,  consequent  (it  may  be)  upon  the  want  of  suffi- 
■.ciently  free  respiration,  which  was  carefully  guarded-against  by  Dr.  Reid. 

447.  It  must  be  held  as  demonstrated  by  these  experiments,  then,  that 
liall  the  arguments  which  have  been  drawn  from  the  effects  of  lesion  of  the 
'Pneumogastrics  upon  the  functions  of  the  Stomach,  in  favour  of  the  doctrine 
that  Secretion  depends  upon  Nervous  agency,  must  be  set  aside.  That 
:  these  nerves  have  an  important  injluence  on  the  gastric  secretion,  is  evident 
ifrom  the  deficiency  in  its  amount  soon  after  their  section,  as  well  as  from 
Dther  facts.  But  this  is  a  very  different  proposition  from  that  just  alluded 
'.to;  and  the  difference  has  been  very  happily  illustrated  by  Dr.  Reid.  "The 
toaovements  of  a  horse,"  he  observes,    are  independent  of  the  rider  on  his 
jack, — in  other  words,  the  rider  does  not  furnish  the  conditions  necessary 
br  the  movements  of  the  horse ;  —  but  every  one  knows  how  much  these 
movements  may  be  influenced  by  the  hand  and  heel  of  the  rider,"  It 
may  be  hoped,  then,  that  physiologists  will  cease  to  adduce  the  oft-cited 
experiments  of  Dr.  Wilson  Philip,  in  favour  of  the  hypothesis  (for  such  it 
must  be  termed)  that  secretion  is  dependent  upon  nervous  influence,  and 
■(hat  this  is  identical  with  galvanism.    Additional  evidence  of  their  fallacy 
Bs  derived  fi'om  the  fact  mentioned  by  Dr.  Reid,  that  the  usual  mucous 
Iwecretious  of  the  stomach  were  always  found ;  and  they  are  further  invali- 
■dated  by  the  testimony  of  MuUer,  who  denies  that  galvanism  has  any 
■eoeculiar  influence  in  re-establishing  the  gastric  secretion,  when  it  has  been 
B»hecked  by  section  of  the  nerves. 

I  448.  Our  knowledge  of  the  nature  of  the  process  of  Gastric  Digestion 
ftbvas  been  gTeatly  advanced  by  recent  inquii-ies;  and  we  are  now  in  a  con- 
■tlition  to  state  with  considerable  precision  what  it  is,  and  what  it  is  not, 
■[<he  province  of  the  gastric  juice  to  effect. — There  can  no  longer  be  any 
Rioubt  that  the  operation  is  one  essentially  of  chemical  solution;  and  that 
Bthe  vital  attributes  of  the  Stomach  are  only  exercised  in  the  preparation 

■  >f  the  solvent,  and  in  the  performance  of  those  movements  which  pro- 
■oQote  its  action  on  the  ahmentary  matters  submitted  to  it.  The  first 
fcries  of  facts  which  clearly  demonstrated  this  position,  were  those  that 
■resulted  from  the  very  pains-taking  observations  made  by  Dr.  Beaumont 

■  i  the  case  of  St.  Martin  already  referred  to.  By  introducing  a  tube  of 
■lindia-rubber  into  the  empty  stomach.  Dr.  B,  was  able  to  obtain  a  supply 

■  if  gastric  juice  whenever  he  desired  it,  the  tube  serving  the  purpose  of 
■itimulating  the  follicles  to  pour  forth  their  secretion,  and  at  the  same 
■mie  conveying  it  away ;  and  with  the  fluid  thus  obtained,  he  was  able  to 
^oake  various  experiments,  which  showed  that  the  change  which  it  effects 
Bbon  alimentaiy  matter,  when  it  is  kept  at  a  temperatvu^e  of  98°  or  100°, 
^Ed  frequently  agitated,  is  not  less  complete  than  that  which  takes  place 
^hen  the  same  matter  is  submitted  to  its  operation  within  the  stomach 
■mt  requires  a  longer  time.  This  is  readily  accounted- for  when  wo'  re- 
member, that  no  ordinary  agitation  can  produce  the  same  effect  with  the 
^irious  movements  of  the  stomach ;  and  that  the  continual  removal,  from 
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its  cavity,  of  the  matter  which  has  been  ah'oady  dissolved,  must  aid  the 
operation  of-  the  solvent  on  the  remainder.  The  following  is  one  out  of 
many  experiments  detailed  by  Dr.  Beaumont.  "At  11 4  o'clock,  a.m.,  after 
having  kept  the  lad  fasting  for  1 7  hours,  I  introduced  a  gum-elastic  tube, 
and  drew  off  one  ounce  of  pure  gastric  hquor,  immixed  with  any  other 
matter,  except  a  small  proportion  of  mucus,  into  a  three-ounce  vial.  I 
then  took  a  soUd  piece  of  boiled  recently-salted  beef,  weighing  three 
(bachms,  and  put  it  into  the  liquor  in  the  vial ;  corked  the  vial  tight,  and 
placed  it  in  a  saucepan  filled  with  water,  raised  to  the  temperature  of 
100°,  and  kept  aLthat  point  on  a  nicely-regulated  sand-bath.  In  forty 
minutes,  digestion  nad  distinctly  commenced  over  the  surface  of  the  meat. 
In  fift!/  minutes,  the  fluid  had  become  quite  opaque  and  cloudy ;  the  ex- 
ternal texture  began  to  separate  and  become  loose.  In  sixty  minutes, 
chyme  began  to  form.  At  1  o'clock,  p.m.  (digestion  having  progressed 
with  the  same  regularity  as  in  the  last  half-hoiu"),  the  cellular  textiue 
seemed  to  be  entirely  destroyed,  leaving  the  muscular  fibres  loose  and 
unconnected,  floating  about  in  fine  small  shreds,  very  tender  and  soft. 
At  3  o'clock,  the  muscular  fibres  had  diminished  one-half,  since  the  last 
examination.  At  5  o'clock,  they  were  neai'ly  all  digested;  a  few  fibres 
only  remaining.  At  7  o'clock,  the  muscular  texture  was  completely 
broken  down,  and  only  a  few  of  the  small  fibres  could  be  seen  floating  in 
the  fluid.  At  9  o'clock  every  part  of  the  meat  was  completely  digested. 
The  gastric  jiiicc,  when  taken  from  the  stomach,  was  as  clear  and  trans- 
parent as  water.  The  mixture  in  the  vial  was  now  about  the  colom-  of 
whey.  After  standing  at  rest  a  few  mimites,  a  fine  sediment  of  the  coloiu- 
of  the  meat,  sxibsided  to  the  bottom  of  the  vial. — A  piece  of  beef,  exactly 
similar  to  that  placed  in  the  vial,  was  introduced  into  the  stomach, 
tlii'ough  the  aperture,  at  the  same  time.  At  12  o'clock  it  was  withdi'awn, 
and  found  to  be  as  little  aflccted  by  digestion  as  that  in  the  vial ;  there 
was  little  or  no  difference  in  their  appearance.  It  was  returned  to  the 
stomach;  and,  on  the  string  being  di'awn  out  at  1  o'clock,  p.m.,  the  meat 
was  found  to  be  all  completely  digested  and  gone.  The  effect  of  the 
gastric  juice  on  the  piece  of  meat  suspended  in  the  stomach,  was  exactly 
similar  to  that  in  the  vial,  only  more  rapid  after  the  first  half-hour,  and 
sooner  completed.  Digestion  commenced  on,  and  was  confined  to,  the 
surface  entirely  in  both  situations.  Agitation  accelerated  the  solution  in 
the  vial,  by  removing  the  coat  that  was  digested  on  the  surface,  envelop- 
ing the  remainder  of  the  meat  in  the  gastric  fluid,  and  giving  tliis  fluid 
access  to  the  undigested  portions."*  Many  variations  were  made  in  other 
experiments ;  some  of  which  strikingly  displayed  the  effects  of  thorough 
mastication,  in  aiding  both  natm-al  and  artificial  digestion. 

449.  The  attempt  was  made  by  Dr.  Beaumont,  to  detennine  the  rela- 
tive digestibility  of  different  articles  of  diet,  by  observing  the  length  of 
time  requisite  for  their  solution.t  But,  as  he  himself  points  out,  the 
rapidity  of  digestion  varies  so  greatly,  accordmg  to  the  quantity  eaten,  the 

*  Experiments  2  and  3  of  First  Series. 

+  It  is  important  to  bear  in  mind  that  the  digestibility  of  diiTerent  substances  bears  no 
relation  to  their  nutrient  value,  which  is  entirely  dependent  on  their  chemical  composition. 
Of  course,  however  nutritious  a  substance  may  be,  it  is  valueless  as  an  article  of  diet  if  it 
cannot  be  dissolved  ;  but,  on  the  other  hand,  substances  which  are  very  easily  digested  (such 
as  farinaceous  matters)  may  have  a  low  nutritive  value,  through  containing  but  a  very  small 
proportion  of  azotized  constituents. 
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nature  caud  amount  of  the  previous  exercise,  the  interval  since  the  pre- 
cetling  meal,  the  state  of  health,  the  condition  of  the  mind,  and  the  nature 
of  the  weather,  that  a  much  more  extended  inquiry  would  be  necessary  to 
arrive  at  results  to  be  depended  on.    Some  important  inferences  of  a 
general  chai-acter,  however,  may  be  drawn  from  his  inquiries. — It  seems 
to  be  a  general  rule,  that  the  flesh  of  wild  animals  is  more  easy  of  diges- 
tion, than  that  of  the  domesticated  races  which  approach  them  most 
neai'ly.    This  may,  perhaps,  be  partly  attributed  to  the  small  quantity  of 
fatty  matter  that  is  mixed  up  with  the  flesh  of  the  former,  whilst  that  of 
the  latter  is  lai'gely  pervaded  by  it.    For  it  appears  from  Dr.  B.'s  experi- 
ments, that  the  presence  in  the  stomach  of  any  substance  which  is  difficult 
of  digestion,  interferes  with  the  solution  of  food  that  would  otherwise  be 
soon  reduced.   It  seems  that,  on  the  whole.  Beef  is  more  speedily  reduced 
than  Mutton,  and  Mutton  sooner  than  either  Veal  or  Pork.    Fowls  are 
far  from  possessing  the  digestibility  that  is  ordinarily  imputed  to  them ; 
but  Tm-key  is,  of  all  kinds  of  flesh  except  Venison,  the  most  soluble. — 
Dr.  Beaumont's  experiments  fm-ther  show,  that  hulk  is  as  necessary  for 
healthy  digestion,  as  the  presence  of  the  nutrient  principle  itself.  This 
fe,ct  has  been  long  known  by  experience  to  unciviHsed  nations.  The 
Kamschatdales,  for  example,  are  in  the  habit  of  mixing'  earth  or  saw-dust 
with  the  train-oil,  on  which  alone  they  ai'e  frequently  reduced  to  live. 
The  Veddahs  or  wild  hunters  of  Ceylon,  on  the  same  principle,  mingle 
the  pounded  fibres  of  soft  and  decayed  wood  with  the  honey,  on  which 
they  feed  when  meat  is  not  to  be  had  j  and  on  one  of  them  being  asked 
the  reason  of  the  practice,  he  replied,  "I  cannot  teU  you,  but  I  know  that 
the  beUy  must  be  filled."    It  is  further  shown  by  Dr.  B.,  that  soups  and 
fluid  diet  ai*e  not  more  readily  chymified  than  solid  aliment,  and  are  not 
;  alone  fit  for  the  support  of  the  system ;  and  this,  also,  is  conformable  to 
'  the  weU-known  results  of  experience;  for  a  dyspeptic  patient  will  fre- 
.  quently  reject  chicken-broth,  when  he  can  retain  solid  food  or  a  richer 
f  soup.    Perhaps,  as  Dr.  A.  Combe  remarks,  the  little  support  gained  fr-om 
:  fluid  diet,  is  due  to  the  rapid  absorption  of  the  watery  part  of  it  j  so  that 
•  the  really  nutritious  portion  is  left  in  too  soft  and  concentrated  a  state,  to 
t  excite  the  healthy  action  of  the  stomach. — Dr.  Beaumont  also  ascertained, 
;  that  moderate  exercise  facilitates  digestion,  though  severe  and  fatiguing 
«  exercise  retards  it.    If  even  moderate  exercise  be  taken  immediately  after 
i  a  full  meal,  however,  it  is  probably  rather  injurious  than  beneficial;  but 
i  if  an  hour  be  permitted  to  elapse,  or  if  the  quantity  of  food  taken  have 
k  been  smaU,  it  is  of  decided  benefit.    The  influence  of  temperature  on  the 
{  process  of  solution,  is  remarkably  shown  in  some  of  Dr.  B.'s  experiments. 
I  He  found  that  the  gastric  juice  had  scarcely  any  influence  on  the  food 
submitted  to  it,  when  the  bottle  was  exposed  to  the  cold  air,  instead  of 
being  kept  at  a  temperature  of  100°.    He  observed  on  one  occasion,  that 
the  injection  of  a  single  gill  of  water  at  50°  into  the  stomach,  sufficed  to 
lower  its  temperature  upwards  of  30°;  and  that  its  natural  heat  was  not 
restored  for  more  than  half  an  hour.    Hence  the  practice  of  eatino-  ice 
after  dinner,  or  even  of  drinking  largely  of  cold  fluids,  is  very  prejudicial 
to  digestion, 

_  450.  It  is  far  from  being  true,  however,  that,  according  to  the  older 
views  of  the  power  of  the  Gastric  juice,  it  is  capable  of  acting  upon  all 
the  nutritive  components  of  the  food.    The  mistake  probably  arose  from 


428 


OP  FOOD,  AND  THE  DIGESTIVE  PROCESS. 


the  reduction  to  wliich  these  matters  are  subjected  in  digestion,  the 
ahmentary  bohis  being  completely  disintegrated,  and  its  pai-ticles  satu- 
rated with  the  fluids  of  the  stomach,  so  that  the  whole  forms  a  homo- 
geneous liquid  of  pultaceous  consistence,  to  which  the  name  of  chyine 
is  given.    This  chyme  will,  of  course,  vary  greatly  in  its  composition, 
according  to  the  jDroportion  of  the  different  alimentary  substances  that 
have  entered  into  the  composition  of  the  food ;  and  its  aj^pearance,  also, 
is  far  from  uniform,  being  sometimes  like  gruel,  but  sometimes  more 
ci-eamy,  always,  however,  having  a  strong  acid  reaction. — All  the  more 
recent  and  accurate  experiments  of  those  who  have  studied  the  chemistry 
of  digestion,  leads  to  the  couckision,  that  the  solvent  powers  of  the  Gastric 
Juice  are  entirely  limited  to  azotized  substances;  and  that  it  exerts  no 
action  whatever  either  upon  starchy,  saccharine,  or  oleaginous  matters. 
Although  the  change  in  the  starchy  particles,  which  commenced  in  the 
mouth,  is  usually  continued  in  the  stomach,  yet  its  continuance  is  entirely 
dcijendent  ui^on  the  presence  of  the  salivary  fluid ;  being  completely  checked, 
when,  b}'^  tying  the  ccsoiihagus,  that  fluid  is  prevented  from  passing  into 
the  stomach*.    Saccharine  matters,  being  readily  soluble  in  water,  do  not 
require  the  agency  of  the  gastric  fluid,  for  any  other  purj)ose  than  the 
solution  of  their  investments,  whereby  they  are  set  free;  and  it  does  not 
appear  that  it  exerts  any  converting  power  upon  them.    So,  again.  Olea- 
ginous matters  are  merely  reduced  to  a  state  of  fine  division,  and  are 
diff"used  in  a  state  of  suspension  tlu'ough  the  pulpy  chyme.    The  eftect  of 
the  gastric  fluid  upon  the  several  kinds  of  Albumino\is  matters,  is  to  reduce 
them  to  a  state  of  comjjleto  solution,  and  at  the  same  time  to  alter  their 
chemical  properties,  so  that  they  for  the  most  pai't  lose  their  distinctive 
attributes,  and  are  brought  to  one  uniform  condition,  that  of  albui/iinose 
(§  1G7),  which  seems  to  be  the  state  best  adapted  for  subsequent  assimi- 
lation.   In  this  condition  they  seem  to  form  definite  combinations  with 
the  solvent  fluid,  which  have  received  the  name  of  peptones.    That  these 
combinations,  however,  are  very  different  from  mere  solutions  of  the  same 
matters  in  acidulated  liquids,  has  been  shown  by  the  experiments  of  M. 
Bernard;  who  found  that,  on  injecting  the  solution  of  albumen  in  veiy 
dilute  hydrochloric  acid  into  the  general  circulation,  the  liquid  speedily 
passed  off"  by  the  renal  secretion;  whilst  after  injecting  the  solution  of 
albumen  in  gastric  juice,  no  trace  of  this  could  be  detected  in  the  mine. 
Hence  it  seems  evident  that  the  converting  power  is  exerted  by  the  pepsin, 
or  j)eculiar '  ferment'  of  the  gastric  fluid,  whilst  the  solvent  power  is  due  to 
the  acid ;  a  conclusion  which  agrees  well  with  that  based  on  other  evidence 
(§  442),    It  appears  from  the  observations  of  MM.  Blondlot  and  Bernai-d, 
that  when  liquid  Albumen  is  taken  into  the  stomach,  it  does  not  undergo 
complete  coagulation  before  the  solvent  process  commences,  but  merely 
becomes  opalescent;  Casein,  on  the  other  hand,  is  comjiletely  coagidated, 
the  peculiar  animal  principle  of  the  gastric  fluid  having  more  power  of 
precij^itating  it  than  is  possessed  by  any  other  re-agent  (§  22).    It  is  esti- 
mated by  Lehmann,  that  about  20  parts  of  fresh  gastric  juice  (of  the  dog) 
are  required  to  dissolve  1  part  of  albumen ;  and  as  the  quantity  of  albu- 
minous matter  daily  consumed  by  Man  may  be  estimated  at  between  3  and 
4  oz.,  it  would  hence  aj)pear  that  the  amount  of  gastric  fluid  secreted  must 

*  See  Frerichs  in  "  Wagner's  Handworterbucb,"  Art.  *  Verdauung.' 
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be  from  60  to  80  oz.    Tliis  mode  of  calculation  seems  to  afford  the  only- 
means  of  forming  even  an  approximative  idea  of  the  quantity  of  fluid  poured 
forth  fi-om  the  walls  of  the  stomach.    Of  course  by  far  the  larger  propor- 
tion of  this  must  be  re-absorbed,  either  through  the  vessels  of  the  stomach 
itself,  or  through  those  of  the  intestinal  canal. — The  gastric  fluid  has  also 
a  special  solvent  power  for  Gelatinous  substances;  acting  upon  those  which 
would  have  otherwise  required  long  boiling  for  their  disintegration.  Here 
too,  the  marked  difference  in  action  betweenthegastric  juice  and  a  merely 
acidulous  fluid,  has  been  demonstrated  by  M.  Bernard ;  who  has  shown 
<  that,  when  a  piece  of  bone  is  submitted  to  the  latter,  its  mineral  portion 
alone  is  affected  by  it;  whereas  when  it  is  subjected  to  the  former,  the 
:  gastric  juice  digests  the  gelatin,  and  leaves  the  phosphates  and  carbonates 
unaltered.    Here,  too,  a  decided  transformation  is  effected  by  the  opera- 
•  tion  of  the  gastric  fluid;  for  the  gelatin  of  the  peptone  has  lost  its  power 
.  of  gelatinizing,  and  is  not  precipitated  by  chlorine. 

4-51.  This  action  of  the  Gastric  solvent  upon  the  azotized  constituents 
of  the  food,  is  dependent  upon  several  conditions.    One  of  the  most  impor- 
t  tant  of  these  is  temjjerature.    A  heat  of  from  96°  to  100°  is  required  to 
li  keep  up  the  solvent  process,  which  is  retarded  according  to  the  depression 
of  the  thermometer  below  this  standard ;  so  that  at  the  ordinary  tempera- 
ture of  the  atmosphere  it  is  completely  suspended,  to  be  renewed,  however, 
with  an  increment  of  heat.     On  the  other  hand,  a  trifling  elevation  of 
cniperature  above  100°  occasions  a  decomposition  in  the  gastric  jnice, 
^vhich  entirely  destroys  its  solvent  power.    The  next  condition,  which  spe- 
•  •ially  affects  the  time  requu-ed  for  the  process  of  solution,  is  motion.  This 
loes  not  act  mechanically,  by  way  of  '  trituration,'  as  was  once  supposed ; 
for  food  is  found  to  be  digested,  when  enclosed  in  metallic  balls  perforated 
to  admit  the  access  of  gastric  juice  to  their  interior.    But  it  answers  the 
purpose  of  thoroughly  subjecting  the  whole  of  the  alimentary  bolus  to  the 
agency  of  the  gastric  solvent,  by  bringing  each*  part  successively  into  con- 
tact with  the  lining  membrane  of  the  stomach  from  the  sm-face  of  which 
the  fluid  is  effused.    The  removal  of  the  matters  already  reduced  or  dis- 
solved, also,  has  a  most  important  effect  in  facilitating  the  solution  of  the 
remainder.    This  removal  is  due  in  part  to  the  absorption  of  the  matters 
in  a  state  of  solution,  into  the  blood-vessels  of  the  walls  of  the  stomach 
(§  462) ;  and  in  part  to  the  successive  escape  of  the  reduced  portions 
through  the  pyloric  orifice  (§  429).    The  importance  of  the  previous  state 
of  minute  division  and  incorjjoration  ivith  aqueous  fluid,  in  promoting  the 
action  of  the  gastric  solvent,  has  been  already  dwelt  on  (§  424), 

452.  Although  the  Chyme,  or  product  of  gastric  digestion,  which  escapes 
through  the  pyloric  orifice  into  the  duodenum,  contains  much  azotized 
matter  in  a  state  of  actual  solution,  a  considerable  proportion  of  it  is 
still  only  reduced  and  mechanically  suspended;  and  the  solution  of  the 
latter  is  continued  in  the  intestinal  tube.  In  the  farinaceous  part  of  the 
'"ood,  moreover,  no  gi-eat  amount  of  change  has  hitherto  been  effected ; 
md  the  sugar  which  has  been  generated  by  the  agency  of  the  salivary  fer- 
ment, is  probably  absorbed  into  the  blood-vessels  nearly  as  fast  as  it  is 
foi-med.  In  the  condition  of  the  fatty  matters,  no  important  chano-o  is 
)erceptiV)lc,  except  such  as  results  from  the  solution  of  the  membranes 
fee,  that  enclosed  them.  Hence  we  see  that  the  process  of  Digestion,  so 
ar  from  l)cing  completed  in  the  stomach,  has  only  been  carried  one  stao-c 
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further.  Soon  after  its  entrance  into  the  Duodenum,  the  chyme  is  suh  • 
jected  to  the  actions  of  the  bile,  the  pancreatic  fluid,  and  tluit  secretion 
fi-om  the  glandulae  in  the  walls  of  the  intestine  itself  (probably  proceeding 
cliiefly,  however,  from  the  glands  of  Brunner,  §  235),  which  is  known  under 
the  name  of  the  'succus  entericus.' — Of  these,  the  Pancreatic  fluid  will  be 
first  noticed.  The  structure  of  the  Pancreas  closely  resembles  that  of  the 
Salivary  glands  (§  436);  for  it  consists  of  racemose  clusters  of  secreting 
follicles,  which  form  the  terminations  of  the  ramifying  divisions  of  the 
duct ;  each  cluster,  with  its  blood-vessels,  lymphatics,  nerves,  and  connect- 
ing tissue,  forming  a  lobule ;  and  the  separate  lobules  being  held  together 
by  areolar  tissue,  as  well  as  by  the  vessels  and  ducts.  Like  the  salivary 
glands,  moreover,  its  development  commences  by  a  sort  of  budding-foith 
of  the  alimentary  canal  at  a  particultu-  spot,  upon  which  a  mass  of  cells 
has  previously  accumulated.  The  secretion  of  this  gland  strongly  resembles 
saliva  in  its  general  appearance,  being  clear  and  colourless,  slightly  viscid, 
and  alkaline  in  its  reaction ;  it  contains,  however,  a  larger  proportion  of 
sohd  matter,  its  specific  gravity  being  1008  or  1009;  and  the  nature 
of  its  animal  principle  is  not  precisely  the  same.  The  following  is  Prof 
Frericlis'  analysis  of  the  pancreatic  fluid  of  the  Ass, 


Water     ......  986-40 

Solids  .....  13-60 


Fat         .....  .  0-26 

Alcohol-extract          ....  0-15 

Water-extract,  talbuminous          .          .  .  3-09 
r  Cliloridcs  ■) 

Alkaline  <  Phosphates  >        .           .           .  8-90 
{.  Sulphates  J 

Carbonate  and  phosphate  of  lime  and  magnesia  .  1-20 


1000-00  13-60 

The  albuminous  'ferment'  is  not  perfectly  coagulable  by  heat,  and  when 
precipitated  by  alcohol  it  redissolves  readily  in  water;  it  is  precipitated 
by  sulphuric,  nitric,  and  concentrated  hydrochloric  acid,  and  by  the 
metallic  salts ;  and  when  thrown  down  by  these,  or  by  heat,  it  is  redis- 
solved  by  alkalies.  It  is  also  precipitated  by  acetic  acid;  but  it  slowly 
redissolves  in  an  excess  of  the  reagent,  and  on  the  application  of  heat; 
and  from  this  solution  it  is  precipitated  by  ferrocyanide  of  potassium. 
When  boiled  with  ammonia,  it  assumes  an  intense  yellow  colour.  The 
readiness  with  which  this  substance  undergoes  change,  is  indicated  by  the 
rapidity  with  which  the  pancreatic  fluid  passes  into  decomposition ;  for  even 
after  a  few  hours'  exposure  to  the  air,  it  gives  off"  a  decidedly  putrid  odour. 
Like  ptyalin,  this  peculiar  constituent  of  the  pancreatic  fluid  possesses  the 
power  (though  in  a  less  degree)  of  converting  starch  into  sugar ;  there  c-xa 
be  no  doubt,  therefore,  that  it  is  subservient  to  the  continued  digestion  of 
the  farinaceous  part  of  the  food,  during  its  passage  tlu-ough  the  small 
intestines.  It  shares  this  office,  however,  with  the  'succus  entericus,' 
which  has  been  shown  by  Frerichs  and  Hiibbenet  to  be  also  possessed  of 
this  converting  j)ower. — It  has  recently  been  affirmed  by  M.  CI.  Bernard, 
and  strong  evidence  has  been  adduced  by  him  in  support  of  his  state- 
ment, that  the  essential  purpose  of  the  pancreatic  fluid  is  to  promote  tlie 
absorption  of  fatty  matters,  by  reducing  them  to  the  state  of  an  cviid- 
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sion,  which  is  capable  of  finding  its  way  into  the  lacteals.*    That  this 
fluid  possesses  the  emulsifying  power  in  a  j)eculiar  degree,  may  be  con- 
sidered as  having  been  fully  demonstrated  by  his  experiments;  for  on 
mixing  it  Avith  oil,  butter,  or  any  variety  of  fat,  at  a  temperature  suffi- 
ciently high  to  render  the  fatty  substance  liquid,  and  then  stirring  the 
mixture  for  a  few  minutes,  an  emulsion  is  produced  bearing  a  strong 
resemblance  to  chyle.    This  emulsion  does  not  cease  to  present  its  pecu- 
I  liar  aspect,  although  left  standing  for  some  time ;  whereas  although  bile, 
saliva,  gastric  juice,  blood-serum,  and  other  animal  fluids,  have  a  certain 
emulsifying  power,  yet  after  a  short  time  the  oil-particles  run  together 
again,  almost  as  if  they  had  been  merely  shaken-up  with  water.  Further, 
it  is  asserted  by  Bernard,  that  in  the  Rabbit  (in  which  the  pancreatic 
duct  discharges  itself  some  inches  lower  down  in  the  intestine  than  does 
the  bile-duct),  when  fatty  matters  have  been  introduced  into  the  alimen- 
taiy  canal,  they  undergo  no  considerable  change,  until  they  have  passed 
the  orifice  of  the  pancreatic  duct;  an  oily  emulsion  being  then  for  the  first 
time  found  in  the  intestinal  canal;  and  the  contents  of  those  absorbents 
only  having  the  opaque  whiteness  of  chyle,  which  originate  in  the  intes- 
ttiual  villi  below  that  orifice.     So,  again,  M.  Bernard  affirms  that  by 
putting  a  ligature  round  the  pancreatic  duct,  the  digestion  of  oleaginous 
I  matter  is  so  completely  prevented,  that  it  is  found  unchanged  in  the  lower 
ppart  of  the  intestinal  tube,  and  no  opalescent  chyle  is  found  in  the  lacteals. 
IThis  position  is  further  strengthened  by  the  fact  ascertained  by  clinical 
[)  observation, t  that  there  is  a  close  relation  between  disease  of  the  pancreas, 
land  the  discharge  of  fatty  matters  per  anum  (§  198). — It  has  been  shown, 
"  owever,  by  the  experimental  researches  of  Frerichs,  Lehmann,  Lenz,;}; 
,nd  others,  that  the  statements  of  M.  Bernard  are  too  exclusive  in  their 
haracter ;  for  that  the  digestion  and  absorption  of  fatty  matters  will  take 
lace  after  the  pancreatic  duct  has  been  tied  (sufficient  time  having  been 
given  for  the  evacuation  of  any  pancreatic  fluid  which  may  have  been  in 
the  alimentary  canal  previously  to  the  operation),  and  even  in  the  lower 
part  of  the  small  intestine,  into  which  these  sulDstances  have  been  con- 
tveyed  by  injection,  after  it  has  been  completely  separated  by  a  ligature 
&-om  the  upper  pai't  into  which  the  pancreatic  fluid  has  been  poured.  It 
further  appears  ft-om  their  experiments,  that  a  mixture  of  the  pancreatic 
ifluid  with  bile  and  the  'succus  entericus'  possesses  a  more  energetic  emul- 
'sifying  power  than  the  first  of  these  fluids  alone ;  and  it  seems  probable 
;:hat,  as  in  the  conversion  of  starch,  so  in  the  emulsification  of  fat,  the 
intestinal  fluid  performs  a  very  important  part.     It  would  not  seem 

*  "Archiv.  Gen^r.  de  Med.,"  torn.  xix. — It  has  been  assumed  by  Frerichs,  Lenz,  and 
Ither  objectors  to  M.  Bernard's  views,  that  he  maintains  that  the  pancreatic  fluid  saponifies 
pe  neutral  fatty  matters  taken-in  as  food,  converting  them  into  fatty  acids  and  glycerine 
rhilst  yet  within  the  intestinal  canal.    It  is  no  doubt  true  that  M.  Bernard  considers  that 
ome  such  transformation  takes  place  in  the  body,  before  the  fatty  matter  is  ultimately  dis- 
wosed  of;  but  he  constantly  speaks  of  the  emulsifying  power  as  the  peculiar  attribute  of  the 
"pancreatic  fluid,  and  only  asserts  that  saponification  takes  place  in  artificial  digestion,  when 
»he  fluid  is  left  for  some  time  in  contact  with  fatty  substances ;  so  that  the  Author  is  inclined 
I  'O  regard  the  objections  above  alluded-to,  as  having  arisen  from  a  misapprehension  of  M. 
■Bernard's  meaning.    (See  also  Dr.  Donaldson's  account  of  M.  Bernard's  discoveries  in  the 
'Amer.  Journ.  of  JVIcd.  Sci.,"  Oct.  18.51.) 
+  See  Dr.  Bright's  researches  on  this  point,  in  "  Med.-Chir.  Trans.,"  vol.  xviii. 
+  "  De  Adipis  Concoctione  et  Absorptione,"  Dorpat,  1 8.50. 
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unlikely  that  the  qualities  of  these  fluids  (like  those  of  the  saliva)  may 
vary  iu  different  animals;  and  that  the  emulsifying  power  may  be  limited 
in  the  rabbit,  or  nearly  so,  to  the  pancreatic  fluid,  the  quantity  of  fat 
which,  its  natural  food  contains  being  small;  whilst  in  the  carnivorous 
animals,  whose  natural  food  is  more  oleaginous,  the  provision  for  the 
digestion  of  fatty  matters  may  be  more  extensive. — Of  the  amount  of 
pancreatic  fluid  which  is  daily  secreted  by  Man,  we  have  no  other  data  for 
forming  an  estimate,  than  those  afforded  by  the  observations  of  Frerichs; 
who  collected  from  an  ass,  in  45  minutes,  387-^  gi*ains,  and  from  a  large 
dog,  in  25  minutes,  46  grains.  These  amoimts,  however,  were  poured  forth 
wliile  food  was  in  the  stomach  and  digestion  was  going  on ;  and  it  is  pro- 
bable that,  at  other  times,  the  secreting  process  is  nearly  or  entii'cly 
susj)ended. 

453,  The  Duodenum  receives  not  only  the  Pancreatic,  but  also  the 
Biliary  secretion  ;  and  from  the  constancy  with  which  this  fluid  is  poured 
into  the  upper  part  of  the  intestinal  tiibe,  or  even  into  the  stomach  itself, 
in  all  animals  which  have  any  kind  of  hepatic  appai-atus,*  it  seems  a 
legitimate  inference  that  this  secretion  is  not  jjurely  excrementitious,  but 
serves  some  important  purpose  in  the  digestive  process.    It  is  not  easy, 
however,  to  state  with  precision  what  this  piu-pose  is.     The  result 
of  many  of  the  experiments  which  have  been  made  to  determine  it, 
are  vitiated  by  the  fact,  that  the  pancreatic  duct  in  most  cases  discharges 
itself  into  the  intestinal  tube  at  the  same  point  with  the  hepatic,  and 
has  thus  been  frequently  involved  iu  operations  performed  upon  it. — As 
the  most  important  constituents  of  Bile  have  been  already  described 
(§§  C7 — 71),  and  as  the  agency  of  the  Liver  as  an  assimilating  and 
depurating   organ   will   be    more  appropriately  considered  elsewhere 
(chaps,  viii.  and  xii.),  we  shall  here  limit  ourselves  to  the  consideration  of 
what  may  be  regarded  as  the  best-established  facts  in  regard  to  the  uses 
of  the  biliary  secretion  in  the  digestive  process.    When  its  action  is  tested 
out  of  the  body,  by  mingling  it  with  the  different  constituents  of  food,  it 
is  found  to  exert  no  change  upon  starchy  substances  whilst  it  is  fresh ; 
tliough,  when  in  a  state  of  incipient  decomposition,  it  acts  upon  them  as 
other  animal  substances  do.    It  has  no  action  upon  cane-sugar,  until  it 
has  stood  a  considerable  length  of  time  ;  but  then  it  converts  it  into  lactic 
acid.    This  change  it  speedily  exerts,  as  do  nearly  all  other  animal  sub- 
stances, upon  grape-sugar.    It  has  no  action  on  albuminous  substances, 
even  when  acidulated.    And  although  it  will  form  an  emulsion  with 
oleaginous  matter,  yet  the  emulsification  is  less  complete  than  that  which 
is  effected  by  the  pancreatic  fluid  alone,  t    Hence  it  appears  to  be  defi- 
cient in  anything  at  all  similar  to  the  peculiar  ferments  of  the  saliva, 
gastric  juice,  and  pancreatic  secretion  ;  and  its  office  in  digestion  must  be 
of  a  different  chai'acter  from  that  of  either  of  those  fluids.    The  natm-e  of 
this  office  may  be  partly  judged- of  from  what  takes  place  when  fresh  bile 
is  mingled  with  the  product  of  gastric  digestion.    Tlie  acid  reaction  of 
the  latter  is  neutralized  by  the  alkali  of  the  former,  and  a  sort  of  preci- 

*  See  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  §§  583-588.— The  simplest  conditiftn  of  the 
Liver,  sxich  as  we  meet  with  in  the  higher  Radiata,  and  in  the  lower  Articulata  and  Molliisca, 
consists  in  a  series  of  follicles  lodged  in  the  walls  of  the  stomach  and  of  the  upper  part  of  the 
intestinal  tube. 

t  Dr,  Bcncc  Jones,  in  the  "  Medical  Times,"  July  5,  1851. 
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pitatiou  takes  places  (as  Avas  originally  noticed  by  Dr.  Beaumont),  in 
■yvliich  certain  constituents  of  the  bile  fall  down,  and  in  which  also  (accord- 
ing to  M.  Bernard)  the  albuminous  matters  that  have  been  dissolved  and 
not  yet  absorbed,  are  for  a  time  rendered  insoluble,  leaving  the  saccharine 
matters  in  solution,  and  the  oleaginous  floating  on  the  top.    The  admix- 
ture of  the  bile  with  the  chyme  seems  further  to  have  the  effect  of  check- 
ing destiiictive  chemical  changes  in  its  composition.    For  M.  Bernard 
found  that  wdien  two  similai'  pieces  of  meat  had  been  immersed  for  three 
months,  one  in  a  bottle  of  gastric  juice  alone,  the  other  in  a  mixture  of 
■  gastric  juice  and  bile,  a  strong  ammoniacal  odour  resulting  from  decom- 
position was  emitted  from  the  former,  whilst  the  latter  was  pure  and  free 
from  any  smell  w^hatever.    And  it  was  remarked  by  MM.  Tiedemann  and 
•  Gmelin,  that  when  the  bile  was  prevented  from  passing  into  the  ali- 
1  mentary  canal,  the  contents  of  the  latter  were  more  foetid  than  usual. 

Moreover,  it  is  found  that  the  admixture  of  bile  with  fermenting  substances 
I  checks  the  process  of  fermentation  ;  and  M.  Bernard  has  shown  by  inge- 
1  niously  contrived  experiments,*  that  this  antagonistic  power  is  exerted 
it  also  in  the  living  body.    Hence  we  can  understand  how  the  reflux  of  bile 
:  into  the  stomach  should  seriously  interfere  with  the  process  of  gastric 
c  digestion ;  and  how,  when  there  is  a  deficient  secretion  of  bile,  or  more 
I  food  is  swallowed  than  the  bile  provided  for  it  can  act  upon,  or  the 
cchai-acter  of  the  biliary  secretion  itself  has  undergone  any  serious  per- 
version, there  should  be  a  much  larger   amount  of  the  putrefactive 
ermentation  than  is  normal,  as  indicated  by  an  evolution  of  flatus,  and 
jvery  fi-equently  by  diarrhoea.    Further,  the  want  of  proper  neutralization 
f  the  gastric  fluid  will  cause  the  continuance  of  acidity  in  the  contents 
f  the  intestinal  canal,  which  in  its  turn  induces  a  state  of  irritation  of  its 
ucous  membrane,  and  a  perversion  of  its  secretions  :  and  it  is  one  of 
he  beneficial  results  of  'alterative'  medicines,  employed  to  remedy  this 
jondition,  that,  by  augmenting  the  secretion  of  bile,  they  tend  to  repro- 
duce a  state  of  neutrality  in  the  contents  of  the  alimentary  canal.  More- 
over, the  presence  of  a  proper  quantity  of  bile  in  the  intestine  appears 
•,o  promote  the  secreting  action  of  the  intestinal  glandulas,  and  also  to 
);ontribute  to  maintain  the  peristaltic  movement  of  the  walls  of  the 
'anal ;  this  appears  alike  from  the  tendency  to  constipation,  which  is 
-sually  consequent  upon  deficiency  of  the  secretion,  and  from  the  diarrhoea 
kvhich  proceeds  from  its  excess  •  and  is  confirmed  by  the  purgative  pro- 
jerties  which  inspissated  ox-gall  has  been  found  to  possess. 

454.  Notwithstanding  all  its  uses,  however,  it  must  be  admitted  that 
he  prevention  of  the  discharge  of  bile  into  the  alimentary  canal  is  not 
rt;tended  with  the  deleterious  results  which  might  have  been  anticipated 
rom  it  j  for  it  has  been  found  by  the  experiments  of  Schwann,  Blondlot, 
«Qd  Bernard,  that  if  the  bile-duct  be  divided,  and  a  tube  be  inserted  in  it 
I  such  a  manner  as  to  convey  away  the  secretion  through  a  fistulous 
trifice  in  the  abdominal  parietes,  the  animals  thus  treated  may  live  for 
eeks,  months,  or  even  ycars,t  although  they  usually  die  at  last  with 
s  of  inanition.    Of  the  quantity  of  bile  daily  poured  into  the  alimen- 

•  "Amer.  Journ.  of  Med.  Sci.,"  Oct.  1851,  p.  351. 

+  At  the  meeting  of  the  French  Academy,  June  23,  1851,  M.  Blondlot  gave  tlie  history, 
d  an  account  of  the  post-mortem  examination,  of  a  Dog  that  had  lived  five  years  without 
P  passage  of  any  bile  into  the  intestinal  tube. 
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tary  canal  of  Man,  we  have  no  other  mode  of  forming  an  estimate,  than 
by  obsei*ving  the  quantity  ponred  ont  from  the  bile-ducts  of  animals  in 
such  experiments  as  those  just  cited.  Blondlot  found  that  a  dog  in 
which  he  had  established  a  fistulous  opening  for  the  discharge  of  the  bile, 
secreted  from  40  to  50  grammes  in  the  twenty-four  hours ;  whence  lie 
inferred  that  an  adult  man  secretes  about  200  grammes,  or  7  oz.  The 
carefully-conducted  observations  of  Bidder  and  Schmidt*  indicate  that 
the  rate  of  secretion  is  by  no  means  uniform,  but  that  it  bears  a  certain 
I'elation  to  the  digestive  process ;  the  quantity  poured  forth  in  a  given 
time  being  greatest  about  10  or  12  hours  after  a  full  meal,  and  then 
diminishing  until  it  reaches  its  minimimn,  for  which  about  as  many 
more  hours  are  required.  Thus  a  Cat,  2  hours  after  a  full  meal  of  flesh, 
secreted  at  the  rate  of  7 "5  grains  of  bile  per  hour;  at  the  4th  horn', 
9-7  grains;  at  the  6th  hour,  11-6  grains;  at  the  8th  hour,  12-7  grains; 
■and  at  the  10th  horn*,  13  grains.  From  the  10th  to  the  24th  hour,  the 
secretion  diminished  at  the  rate  of  4-lOths  of  a  grain  per  hour;  until  it 
reached  the  lowest  of  the  above  amounts.  The  secretion  is  considerably 
diminished  when  food  is  withheld  for  some  time  ;  the  quantity  poured  out 
after  ten  days'  starvation  being  only  about  one-eighth  of  what  it  is  when  at 
its  maximum.  Still  it  is  obvious,  that  although  its  rate  is  thus  greatly 
influenced  by  the  stage  of  the  digestive  process  (which  is  the  less  to  be 
wondered  at,  when  it  is  remembered  that  the  secretion  is  formed  from 
blood  that  is  charged  with  newly-absorbed  and  imperfectly-assimilated 
matters),  the  excrementitious  character  of  the  secretion  requires  that  its 
elimination  shall  be  constantly  going  on  to  a  certain  degree  ;  but  a 
receptacle  is  provided  in  Man,  as  in  most  others  among  the  higher 
animals  whose  digestion  is  performed  at  intervals,  for  the  storing-up  of 
the  fluid  xmtW  it  can  be  usefully  employed  in  that  process.  The  intes- 
tinal orifice  of  the  ductus  choledochus  is  closed  by  a  sort  of  sphincter; 
and  the  fluid  secreted  during  the  iutei-vals  of  digestion,  not  being  pro- 
pelled with  a  force  sufficient  to  dilate  this,  flows  back  into  the  gall- 
bladder, which  dilates  to  receive  it.  The  presence  of  food  in  the  duodenum 
seems  to  excite  the  walls  of  the  gall-bladder  and  of  the  biliary  ducts 
(which  contain  a  large  quantity  of  smooth  muscular  fibre,  §  305)  to  a 
contraction  sufficiently  powerful  to  propel  their  contents  into  the  intes- 
tine, in  spite  of  the  opposition  of  the  sphincter ;  but  whether  this  takes 
place  through  a  reflex  action  of  the  nervous  system,  or  through  the  direct 
stimulation  of  the  muscular  coat  of  the  duct  by  the  passage  of  alimentaiy 
matters  over  its  orifice,  we  have  at  present  no  means  of  satisfijctorily 
determining.  It  will  be  recollected  that  the  gall-bladder  is  usually  found 
distended  with  bile,  in  cases  of  death  from  starvation  (§  417),  notwith- 
standing the  diminution  in  the  amount  actually  secreted. 

455.  The  fluid  of  the  Small  Intestines,  which  is  compounded  by  the 
intermixture  of  the  biliary  and  pancreatic  secretions,  with  the  salivaiy 
and  gastric  fluids,  and  with  the  secretion  of  the  intestinal  glandulee, 
appears  to  possess  the  very  peculiar  power  of  dissolving  or  of  reducing  to 
an  absorbable  condition,  alimentary  substances  of  eveiy  class;  tlius 
possessing  more  of  the  character  of  a  '  universal  solvent,'  than  either  oi 
these  secretions  has  in  its  separate  state.    It  completes  the  conversion  oi 

*  See  Prof.  Lchmamrs  "  Lehrbuch  der  physiologischen  Chernie,"  band  ii.  p.  72. 
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starchy  into  saccharine  matter;  and  thus  enables  the  former  to  supply 
the  blood  with  an  important  pabulum  for  tlie  combustive  process,  which 
is  at  once  absorbed  into  the  blood-vessels.    It  emulsifies  the  oleaginous 
matter,  and  thus  renders  it  capable  of  being  introduced  into  the  lacteals. 
And  it  not  only  restores  to  the  state  of  solution  the  albuminous  com- 
1  pounds,  which  may  have  been  precipitated  by  the  addition  of  bile  to  the 
■  product  of  gastric  digestion ;  but  it  also  exerts  a  powerful  solvent 
.  influence  upon  albuminous  sulDstances  which  have  not  been  submitted  to 
:  the  previous  agency  of  the  gastric  fluid  (as  has  been  shown  by  experi- 
i  mentally  introducing  pieces  of  meat,  through  a  fistulous  orifice,  directly 
:  into  the  duodenum),  and  it  thus  completes  the  solvent  process  which  had 
I  been  very  far  from  perfected  in  the  stomach.*    What  is  the  precise  share, 
!  however,  of  each  of  these  secretions,  in  producing  this  composite  result, 
I  cannot  be  stated  with  any  degi'ee  of  certainty;  but  it  seems  probable 
;  that  the  secretions  of  the  intestinal  walls  have  a  very  definite  share  in 
;  it. — It  is  obvious  that  the  amount  of  each  kind  of  alimentary  substance 
'  that  can  be  thus  prej)ared  for  absorption  in  a  given  time,  will  vary  with 
the  amount  of  the  secretion  by  whose  agency  this  preparation  is  specially 
affected;  and  as  there  are  many  indications  that  the  quantity  of  each 
[.that  is  taken  up  in  absorption  is  limited,  and  that  it  bears  a  relation  to 
lithe  wants  of  the  system,  it  is  probable  that  the  amount  of  the  solvent  or 
'-reducing  fluid  that  is  secreted  by  each  glandular  apparatus,  is  regulated 
'as  we  have  seen  it  to  be  in  the  case  of  the  gastric  juice,  §  444)  by  the 
lemand  set  up  by  the  nutrient  operations,  rather  than  by  the  amount  of 
dimentary  matter  that  is  waiting  to  be  digested. — The  processes  of 
ligestion  and  conversion  are  probably  continued  during  the  entire  transit 
)f  the  alimentary  matter  along  the  small  intestine,  and  at  the  same  time 
lie  products  of  that  conversion  are  gradually  being  withdrawn  by  ab- 
Drbent  action ;  so  that,  by  the  time  it  reaches  the  caecum,  the  undigested 
ijsidue  contains  httle  else  than  the  innutritious  or  insoluble  components 
>f  the  food,  together  with  the  excrementitious  portion  of  the  bile  and  of 
ther  secretions.    Up  to  this  time,  the  contents  of  the  canal  have  an 
Ikaline  reaction;  but  in  the  csecum  they  again  become  acid;  and  it  has 
leen  supposed  that  this  change  depends  njDon  the  secretion  of  a  fluid 
nalogous  to  the  gastric  juice,  by  the  large  and  numerous  tubular  glands 

•  mtainedin  the  parietesof  this  part,  whereby  the  albuminous  matters  still 
ndigested  might  be  more  completely  dissolved.  This  supposition  ap- 
eared  to  derive  weight  from  the  fact,  that  the  C8ecum.is  peculiarly  large 
1  most  Herbivorous  animals,  the  '  appendix  vermiformis'  being  also  of 
l  eatly-increased  dimensions,  and  sometimes  double.  But  from  the  experi- 
lents  and  observations  of  Blondlot,  it  seems  probable  that  the  acid  of 
le  csecum  is  rather  a  product  of  the  transformation  of  saccharine  sub- 
auces  in  the  alimentary  canal,  than  a  secretion  from  its  walls,  t  Still,  as 
lis  lactic  acid  has  a  solvent  power  for  albuminous  matters,  which  is  equal, 

•  nearly  so,  to  that  exerted  by  hydrochloric  acid,  it  is  by  no  means 
ipossible  that  it  may  be  subservient  to  the  completion  of  the  digestive 
•ocess  in  the  cases  in  question ;  since,  the  larger  the  proportion  of  the 

•  See  the  account  of  M.  CI.  Bernard's  researcLcs  in  the  "Amor.  Joum.  of  Med.  Sci.  " 
t.  p.  3.50";  Zander  "  De  Succo  Enterico,"  inaiig.  diss.,  Dorpat,  1050  ;  and  French's 

.  Vcrd'iutmij,  in  "  Wagner's  Handwiirterbuch."  ' 
t  See  his  "  Trait6  analytique  do  hi  Digestion,"  p.  103. 
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Portion  of  one  of  the  patches  of  Pcyer's  Glands,  from 
the  end  of  the  Ilium,  moderately  magnified;  the  villi  arc 
also  displayed. 


aliment  composed  of  saccharine  matters,  the  gi-eater  will  be  the  import- 
ance of  a  thorough  extraction  of  its  albuminous  constituents. 

456.  The  walls  of  the  lower  part  of  the  Small  Intestine  are  beset  with 
elevated  patches,  that  are  formed  by  the  aggregation  of  the  bodies  known 

as  the  '  Peyerian  glandules;' 
Fig.  95,  bodies  of  a  similar  kind,  how- 

ever, also  occur  separately,  and 
are  then  knowm  as  the  'glan- 
dulse  solitarise.'  The  'glands  of 
Peyer,'  when  examined  in  a 
healthy  mucous  membrane,  pre- 
sent the  appearance  of  circu- 
lar, white,  slightly  raised  spots, 
about  a  line  in  diameter;  over 
which  the  membrane  is  usually 
less  set  with  villi,  and  very  often 
entirely  free  from  them.  Each 
of  these  wdiite  spots,  of  which  a 
large  number  are  contained  in 
the  agminated  glands,  is  sur- 
rounded by  a  zone  of  openings 
like  those  of  the  follicles  of  Lie- 
berk  iihii,  which  lead  (as  do  those) 
into  tubular  ceeca  (Fig.  95). 
Not  unfrequently,  however,  the  centre  of  the  spot  exhibits  a  veiy  definite 
opening,  which  may  be  compared  to  the  pupil  of  the  eye ;  and  this  open- 
ing, though  formerly  suj)- 
FiG.  96".  posed  to  be  abnormal, 

appears  from  the  observa- 
tions of  Profrs.  Krause* 
and  Allen  Thomsonf  to 
be  the  normal  condition 
of  the  body  at  a  certain 
stage  of  its  development. 
In  the  Pig,  on  which  the 
greater  number  of  Dr.  A. 
Thomson's  observations 
were  made,  some  patches 
often  present  no  open- 
ings, whilst  in  others  al- 

A,  Portion  of  a  patch  of  Peyerian  Glandulee  from  the  ileum  of  mOSt  all  the  CaviticS  are 

the  Pig,  as  seen  from  the  deep  surface,  the  serous,  muscular,  .ind  Qpgj^  and  Cmotv  '  and  iu 
areolar  coats  having  been  dissected  off ;  the  darker  vesicles  are  open  i-'j  s.  J  ' 

and  empty,  the  paler  closed  and  full;  magnified  3  diameters:—  a  third  SOt,  Open  and 
n,  two  of  these  vesicles,  viewed  from  the  inner  surface  of  the  intes-  Trooinloa  nva  in'P 

tine,  one  of  them  closed  and  full,  the  other  open  and  empty,  with  ^J^OSeu   vesiOieb  d,te  liic- 

villi  and  apertures  of  mucous  follicles  in  their  neighbourhood;  gularlv  dispOSCd    in  the 

magnified  15  diameters.  °  ,  r     /m-  f\n\ 

same  patch   (Fig.  90). 

The  open  vesicles  were  observed  more  frequently  in  the  ileum  than  in 
the  upper  part  of  the  intestine ;  and  it  appeared  to  be  in  those  parts  of 
the  intestine  which  contained  the  more  fluid,  dark-coloured,  and  bilious 

*  "  Miillers's  Archiv.,"  1837  and  1839. 

+  "Annals  of  Anatomy  and  Physiology,"  No.  1 ,  p.  35. 
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matter,  that  the  open  vesicles  were  almost  hivariably  found;  while  in 
those  parts  of  the  gut  which  contained  a  light-coloured  chymous  or 
chylous  mass,  which  were  more  contracted,  and  in  which  the  coats  appeared 
thickened  by  the  imbibition  of  chyle,  the  vesicles  were  all  closed  and  full 
of  their  usual  contents.  These  consist  of  minute  granular  cells,  mixed 
with  molecules  of  various  sizes  (Fig.  97);  and  it  has  not  seemed  an  un- 
reasonable supposition,  that  each  of  these  bodies  might  be  regarded  as 
a  distinct  glandular  vesicle,  which  dehisces  and  discharges  its  contents, 
when  these  are  prepared  for 


they  are  appendages  to  the  Ab-  ~~       — ^  -^.rir^^^^^ 

sorbent  system,  its  trunks  being     Vertical  section  of  two  of  the  Peyerian  Glandules  from 


conformable  in  aspect  and  character  to  those  of  the  mesenteric  glandulse.* 
It  has  been  further  demonstrated  by  Prof  Frei,  that  the  interior  of  each 
vesicle  is  traversed  by  a  set  of  capillary  vessels,  which  radiate  from  the 
periphery  towards  the  centre,  and  then  return  by  loops  ;t  a  structure 
which  is  found  also  in  the  'Malpighian  bodies'  of  the  Spleen,  the  vesicles 
of  the  Thymus,  &c.  Hence  these  anatomists  urge  that  the  so-called 
'Peyerian  glandulee'  must  be  regarded  as  instruments  for  the  elaboration 
of  the  chyle,  which  is  conveyed  to  them  by  the  very  delicate  absorbents 
that  originate  in  the  villi,  and  is  carried-off  by  the  larger  trunks  which 
then  pass  into  the  mesentery.  J — The  walls  of  the  Large  Intestine  contain 

*  See  his  Memoir  '  Ueber  den  Bau  und  die  physiologische  Bedeutung  der  Peyerischen 
Driisen,'  in  "  Denkschriften  der  kaiserlichen  Akademie  der  Wissenschaften,"  Wien,  1850; 
and  an  abstract  of  it  in  the  "Edinb.  Monthly  Joum.,"  Nov.  1850. 

+  See  Prof.  Kiilliker's  "  Mikroskopische  Anatomie,"  band  ii.  §  171. 

t  In  the  above  statements,  the  Author  has  considered  it  preferable  to  place  before  his  readers 
the  results  of  actual  observations,  rather  than  to  indulge  in  any  hypothesis  of  his  own.  Taking 
for  granted  the  doctrine  generally  admitted  amongst  modern  anatomists  and  physiologists, 
that  the  Peyerian  vesicles  are  glandulse  discharging  their  product  into  the  intestinal  tube, — 
combining  this  with  the  doctrine  of  which  also  there  appeared  to  his  mind  to  be  adequate 
evidence,  that  the  proper  /cecal  matter  is  a  secretion  sui  generis,  and  not  a  mere  product  of  the 
decomposition  of  the  contents  of  the  alimentary  canal, — and  taking  into  account  the  corre- 
spondence in  position  between  the  principal  aggregations  of  Peyerian  glandule  and  the 
assumption  of  the  faecal  character  by  the  undigested  residue  of  the  food, — he  had  considered 
himself  justified  in  advancing  it  as  probable,  that  the  Peyerian  glandulae  are  the  special 
instruments  for  the  elimination  of  decomposing  matter  from  the  blood,  and  that  it  is  their 
function  to  discharge  this  excrementitious  product  into  the  alimentary  canal.  And  the 
tendency  to  ulceration  of  these  follicles,  which  shows  itself  in  typhoid  fever  and  otlier 
'poison-diseases,'  was  cited  by  Dr.  C.  J.  B.  Williams  ("Principles  of  Medicine,"  2nd  edit 
P-  248)  in  confirmation  of  this  view.  Having  himself  repeatedly  met  with  the  follicles  in  the 
open  condition,  like  Dr.  Allen  Thomson,  and  having  been  well  convinced  that  this  is  anonnal 


being  set  free;  and  that  it  is 
then  succeeded  by  a  new  vesi- 
cle developed  de  novo  from  a 
parent-cell  (§  235). — A  new 
view  of  the  character  of  the 
Peyerian  bodies,  however,  has 
lately  been  put  foi'th  by  Briicke; 
who  affirms  that  they  are  al- 
ways closed  in  their  normal 
condition,  and  maintains  that 


Fig.  97. 
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a  considerable  number  of  glanclnloe,  which  closely  resemble  the  ''glandnla) 
solitarise'  of  the  higher  jjart  of  the  canal;  these,  however,  are  so  much 
more  frequently  open  than  closed,  that  the  latter  condition  was  not 
recognized  until  pointed  out  by  Dr.  Baly.*  It  can  scarcely  be  doubted 
that  these  are  secreting  organs,  destined  to  poiu'  the  product  of  their 
activity  into  the  alimentary  canal;  but  whether  this  product  be  the 
peculiar  mucus  with  which  the  coats  of  the  large  intestine  are  covered, 
or  consist  of  the  proper  faecal  matter,  or  be  something  different  from 
either,  has  not  yet  been  determined. 

457.  The  undigested  residue  of  the  food,  mingled  with  the  products  of 
secretion  that  have  been  poured  into  the  alimentary  canal,  gradually 
acquires,  in  the  Large  Intestine,  the  ordinary  consistency  of  fteces,  through 
the  continuance  of  the  absorbent  process,  whereby  the  superfluous  fluid 
is  removed.  The  condition  of  the  undigested  residue  has  been  parti- 
cularly studied  by  Dr.  Rawitz,  who  examined  microscopically  the  products 
of  the  artificial  digestion  of  different  kinds  of  aliment,  and  the  contents 
of  the  faeces  of  animals  that  had  eaten  the  same  articles.  "  The  general 
results  of  his  examinations,  as  regai'ds  animal  food,  show  that  the  mus- 
cular tissue  breaks  up  into  its  constituent  fasciculi,  and  that  these  again 
are  divided  transversely;  gi'adually  the  transverse  striae  become  indistinct 
and  then  disappear;  and  finally  the  sarcolemma  seems  to  be  dissolved, 
and  no  ti'ace  of  the  tissue  can  be  found  in  the  chyme,  except  a  few  frag- 
ments of  fibi'es.  These  changes  ensue  most  rapidly  in  the  flesh  of  fish 
and  hares,  less  rapidly  in  that  of  poultry  and  other  animals.  The  frag- 
ments of  muscular  tissue  which  remain  after  the  continued  action  of  the 
digestive  fluid,  do  not  appear  to  undergo  any  alteration  in  then-  passage 
through  the  rest  of  the  intestinal  canal;  for  similar  fragments  may  be 
found  in  faeces,  even  twenty -four  hours  after  the  introduction  of  the  meat 
into  the  stomach.  The  cells  of  cartilage  and  fibro-cartilage,  except  those 
of  fish,  pass  unchanged  through  the  stomach  and  intestines,  and  may  be 
found  in  the  faeces.  The  interstitial  tissues  of  these  structures  are  con- 
verted into  pulpy  textureless  substances  in  the  artificial  digestive  fluid, 
and  are  not  discoverable  in  the  faeces.  Elastic  fibres  are  unchanged  in 
the  digestive  fluid. t  Fatty  matters  are  also  unchanged;  fat-ceUs  are 
sometimes  found  quite  imaltered  in  the  faeces;  and  ci'ystals  of  cholesterin 
may  usually  be  obtained  from  faeces,  especially  after  the  use  of  pork-fat. 
— As  regards  vegetable  substances,  Dr.  Rawitz  states  that  he  frequently 
found  large  quantities  of  cell-membranes  unchanged  in  the  faeces;  also 
starch-cells,  deprived  of  only  part  of  their  contents.  The  green  colom-ing 
principle,  chlorophyll,  was  usually  unchanged.  The  walls  of  the  sap- 
state,  he  finds  it  difficult  to  receive  the  doctrine  of  Brucke  (espoused  though  it  has  been  by 
Prof.  Kolliker)  as  expressing  the  whole  truth  ou  this  subject,  which  is  one  that  is  well 
deserving  of  further  investigation. 

*  "Medical  Gazette,"  March,  1847. 

+  It  has  been  pointed  out  to  the  Author  by  his  friend  Mr.  Quekett,  that  elastic  fibres 
are  occasionally  to  be  met  with  in  the  Human  faeces,  which  present  an  appearance  (probably 
resulting  from  incipient  decomposition)  closely  resembling  that  which  is  normal  in  the  liga- 
mentum  nuchce  of  the  Giraffe  (§  221  note).  So  distinct,  indeed,  does  the  transverse  division 
then  become,  that  these  fibres,  when  peculiarly  abundant  (as  they  are  in  the  feces  of  persons 
who  have  for  some  time  been  living  upon  mutton  chops,  and  have  not  put  aside  the  segment 
of  the  aorta  which  each  chop  includes),  have  actually  been  mistaken  for  a  Confervoid  growth 
in  the  faeces. 
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vessels  and  spiral  vessels  were  quite  unaltered  by  the  digestive  fl\iid,  and 
were  usually  found  in  large  quantities  in  the  fteces;  their  contents,  pro- 
bably, were  removed."* — Besides  the  undigested  residue  of  the  food,  the 
microscope  enables  us  to  recognise  the  brown  colouring-matter  of  the  bile, 
epithelium-cells  and  mucus-corpuscles,  and  various  saline  particles,  espe- 
cially those  of  the  ammoniaco-magnesian  phosj)hate,t  whose  crystals  are 
well-defined ;  most  of  which  ai-e  derived  from  the  secretions.  The  quan- 
tity of  ftecal  discharge  which  is  daily  passed  by  an  adult,  seems  to  average 
from  4  to  6  oz. ;  but  this  contains  75  per  cent  of  water ;  so  that  the  dry 
solid  matter  thus  evacuated  is  not  above  1  oz.  ox  \\  oz. — The  following 
is  the  result  of  the  proximate  analysis  of  the  fseces  of  an  individual  in 
good  health,  who  had  taken  the  ordinai'y  diet  of  this  country;  as  given  by 
Dr.  Percy.  J 


Substances  soluble  in  ether  (brownish  yellow  fat) 

„  „         alcohol  of  '8.30 

„  „  water  (brown  resinoid  matter) 

Organic  matter  insoluble  in  the  above  menstrua 
Salts  soluble  in  water  .... 
Salts  insoluble  in  water 


11 -95 

10-  74 

11-  61 
49-33 

4-76 
11-61 


Ultimate  analysis  of  the  same  faeces  gave  the  following  as  the  proportion 
of  the  components  of  the  Organic  constituents;  Carbon  46-20,  Hydrogen, 
6-72,  Nitrogen  and  Oxygen,  30-71,  Ash,  13-37. — The  mineral  ash  of  fajcal 
matter  has  been  examined  by  Enderlin;§  who  has  given  the  following  as 
the  proportion  of  its  ingredients. 


Chloride  of  sodium  and  alkaline  sulphates 
Dibasic  phosphate  of  soda 
Phosphates  of  lime  and  magnesia 
Phosphate  of  iron 

Sulphate  of  lime  .  .  .  . 

Silica  .... 


1-  367 

2-  633 
80-37-2 

2-090 
4-.530 
7-940 


Soluble  in  water. 


Insoluble  in  water. 


From  the  later  inquiries  of  Lehmann  and  others,  however,  it  appears  that 
the  proportion  of  salts  often  considerably  exceeds  that  given  by  Dr.  Percy, 
ordinarily  rising  to  23  per  cent,  and  even  to  30^  or  31 1  per  cent,  when 
an  abundant  meat  diet  has  been  consumed.  The  potash  generally  pre- 
dominates greatly  over  the  soda,  but  especially  when  the  diet  has  chiefly 
consisted  of  muscular  flesh. — Of  the  degree  in  which  the  bile,  as  a  whole, 
enters  into  the  comj)osition  of  the  faeces,  it  is  difficult  to  speak  with  pre- 
cision. Its  colouring  and  its  fatty  matter  are  undoubtedly  present;  but 
scarcely  any  traces  of  choleic  acid,  or  of  either  of  its  conjugated  com- 
pounds, or  of  their  soda-base,  can  be  detected ;  so  that  the  proper  biliary 
matter  must  either  have  undergone  decomposition,  so  as  to  be  no  longer 

*  The  above  passage  is  quoted  from  Messrs.  Kirkes  and  Paget 's  "  Hand-book  of  Physio- 
logy^"  in  which  it  is  derived  from  the  Memoir  by  Dr.  Rawitz  "Ueber  die  Einfachen 
Nahrungsmittel,"  Breslau,  1846. 

t  The  presence  of  this  salt  in  the  faeces  was  maintained  by  Schonlein  to  be  pathognomonic 
of  typhus  ;  but  more  recent  and  correct  observations  have  shown  that  this  view  is  fallacious. 
Crystals  of  this  salt  sometimes  occur  in  perfectly  normal  faeces ;  and  in  those  cases  in  which 
the  secreted  fluids  and  the  contents  of  the  intestine  readily  undergo  decomposition,  as  in 
typhus,  cholera,  and  certain  forms  of  dysentery,  they  are  found  in  large  numbers  and  of  con- 
siderable size. 


+  Simon's  "Animal  Chemistry"  (translated  by  Dr.  Day),  vol,  ii,  p. 
§  "Ann.  dor  Chcm.  und  Pharm.,"  1844. 
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recognizable,  or  else  it  must  have  been  reabsorbed.  The  latter  is  the  idea 
now  usually  entertained,  although  Valentin  has  endeavoured  to  show  that 
the  proper  /cecal  matter  is  chiefly  derived  from  decomposed  constituents 
of  the  bile ;  a  more  probable  source  for  this,  however,  will  be  presently 
offered.  The  indications  of  the  presence  of  bile  are  more  distinct,  when 
the  fteces  have  remained  for  only  a  short  time  in  the  large  intestine,  and 
when  there  has  consequently  been  less  time  for  its  reabsorption.  In  the 
fsecal  dischai'ges  which  resiilt  from  the  action  of  mercurials,  large  quan- 
tities of  biliary  matter  may  be  detected,  very  little  changed. 

458.  Although  it  cannot  be  stated  with  certainty  what  is  the  precise 
portion  of  the  Glandular  apparatus  connected  wath  the  Intestinal  canal, 
which  is  concerned  in  the  elimination  of  that  peculiarly  putrescent  matter 
which  gives  to  the  fteces  their  characteristic  odour,  yet  it  may  be  stated 
almost  with  certainty  that  this  matter  is  not  derived  from  the  decomposi- 
tion of  the  undigested  residue  of  the  food.  For,  in  the  first  place,  this 
residue  consists  of  matters  whose  very  inaptitude  for  tmdergoing  chemical 
change  is  the  source  of  their  indigestibility ;  and  it  is  scarcely  possible, 
therefore,  to  imagine  that  in  so  short  a  period  they  should  acquire  a 
character  so  peculiarly  offensive.  But  further,  we  observe  that  fa3cal  matter 
is  still  discharged,  even  in  considerable  quantities,  long  after  the  intestinal 
tube  has  been  completely  emptied  of  its  alimentary  contents.  We  see  this 
in  the  course  of  many  diseases,  when  food  is  not  taken  for  several  days, 
during  which  time  the  bowels  have  been  completely  emptied  of  their  pre- 
vious contents  by  repeated  evacuations;  and  whatever  then  passes,  in 
addition  to  the  biliary  and  pancreatic  fluids,  must  be  derived  from  the 
intestinal  walls  themselves.  Sometimes  a  copious  flux  of  putrescent  mat- 
ter continues  to  take  place  spontaneously ;  whilst  it  is  often  produced  by 
the  agency  of  pm-gative  medicine.  The  "colliquative  diarrhoea,"  which 
frequently  comes  on  at  the  close  of  exhausting  diseases,  and  which  usually 
precedes  death  by  starvation,  appears  to  depend,  not  so  much  upon  a  dis- 
ordered state  of  the  intestinal  glandidse  themselves,  as  upon  the  general 
disintegration  of  the  solids  of  the  body,  which  calls  them  into  extraordinary 
activity,  for  the  purpose  of  separating  the  decomposing  matter  which  has 
accumulated  in  it  to  a  most  unusual  amount  (§  418).  These  views  (which 
have  long  been  taught  by  the  author)  derive  a  remarkable  confirmation 
from  the  experiments  of  Prof  Liebig  on  the  production  of  artificial  faecal 
matter.  For  he  has  ascertained  that  if  albuminous  or  gelatinous  com- 
pounds be  heated  with  solid  hydrate  of  potash,  and  the  heat  be  continued 
until  the  greater  part  or  the  whole  of  the  nitrogen  has  been  dissipated  as 
ammonia,  and  hydrogen  begins  to  be  given  off,  the  residue,  when  super- 
saturated with  dilute  sulphuric  acid,  and  distilled,  yields  a  liquid  contain- 
ing acetic  and  butyi'ic  acids,  and  possessing  in  a  very  intense  degree  the 
peculiar  and  characteristic  odour  of  human  faeces.  The  odour  varies 
according  to  the  substance  employed;  and  in  this  way  all  varieties  of 
faecal  smell  may  be  obtained.  As  the  action  of  caustic  potash  at  a  high 
temperature  is  simply  a  limited  or  incomplete  oxidation  or  combustion, 
this  curious  result  confirms  the  view  which  had  been  previously  put  forth 
by  Prof.  Liebig,  that  the  proper  fsocal  matter  is  the  product  of  the  imper- 
fect oxidation  which  a  portion  of  the  histogenetic  constituents  of  the  food 
undergo  in  the  course  of  their  regressive  metamorphosis,  being  comparable 
to  the  soot  or  lamp-black  of  a  furnace  or  lamp.    It  is  further  urged  by 
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him,  that  the  condition  of  the  fteces  differs  in  many  particulars  from 
that  of  substances  in  a  state  of  fermentation  or  putrefaction ;  that  their 
pecidiar  odour  is  entirely  unlike  any  that  is  generated  by  the  ordinary 
decomposition  of  organic  compounds,  whether  azotized  or  non-azotized ; 
and  that,  by  contact  with  au',  they  themselves  undergo  a  sort  of  fermen- 
tation or  putrefaction,  in  which  their  peculiar  foetor  disappears, — a  fact, 
as  he  justly  remarks,  which  is  full  of  significance.*  This  view  is  of  great 
practical  importance ;  for  if  it  be  true  that  the  intestinal  canal  receives  and 
dischai'ges  the  products  of  the  secreting  action  of  a  glandular  apparatus, 
whose  special  function  is  the  elimination  of  certain  products  of  decom- 
position from  the  blood,  the  facility  with  which  we  can  stimulate  this  to 
increased  action  by  certain  kinds  of  purgative  medicine,  gives  us  a  most 
valuable  means  of  augmenting  its  depurative  action.  Seeing,  as  no  obser- 
vant Medical  Practitioner  can  avoid  doing,  how  frequently  Nature  herself 
employs  this  means  of  eliminating  morbific  matter  from  the  system, — as 
shown  by  the  immense  relief  often  given  by  an  attack  of  diarrhoea, — we 
may  look  upon  this  apparatus  as  one  which,  like  the  Liver,  the  Kidney,  or 
the  Skin,  may  frequently  with  propriety  be  stimulated  by  medicines  that 
have  a  sj)ecial  action  u]oon  it,  and  one  through  which  some  morbific  mat- 
tei-s  may  be  got  rid  of  more  certainly  and  more  sjDeedily  than  through  any 
other  channel. — It  is  not  intended  by  these  observations  to  encourage  the 
system  of  violent  and  indiscriminate  purgation ;  but  to  show  that  purga- 
tives, judiciously  administered,  often  constitute  our  best  means  of  eliminat- 
ing injurious  matters  from  the  system. 


CHAPTER  VIIL 

OF  ABSORPTION   AND  SANGUIFICATION. 

1.  Of  Ahsoyytion  from  the  Digestive  Cavity. 

459.  So  long  as  the  Alimentary  matter  remains  in  the  digestive  cavity, 
!  however  perfect  may  be  its  state  of  preparation,  it  is  as  far  from  being  con- 
•  ducive  to  the  nutrition  of  the  system,  as  if  it  were  in  contact  with  the  exter- 
'.  nal  surface.    It  is  only  when  absorbed  into  the  vessels,  and  carried  by  the 
'  cu-culating  current  through  the  very  substance  of  the  body,  that  it  becomes 
■  capable  of  being  appropriated  by  its  various  tissues  and  organs.  Amono- 
i  the  higher  Invertebrata,  we  find  the  reception  of  alimentary  matter  into  the 
I  circulating  system  to  be  entirely  accomplished  through  the  medium  of  the 
I  Blood-vessels,  which  are  distributed  upon  the  walls  of  the  digestive  cavity. 
I  But  in  the  Vertebrata,  we  find  an  additional  set  of  vessels  interposed 
between  the  walls  of  the  intestine  and  the  sanguiferous  system ;  for  the 
purpose,  as  it  would  seem,  of  taking  up  certain  components  of  the  nutri- 
tive matter,  of  which  part  at  least  are  not  in  a  state  of  perfect  solution 
'  and  of  preparing  them  for  being  introduced  into  the  current  of  the  blood! 
'  These  arc  the  Absorbents  of  the  intestinal  walls;  of  which  those  that  are 
found,  after  the  performance  of  the  digestive  process,  to  contain  the  wliite 

*  See  Prof.  Liebig's  "Animal  Chemistry,"  3rd  edit.  pp.  148-154. 
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opalescent  fluid  known  as  'chyle,'  are  distinguished  as  lacteals;  while  the 
remainder,  like  the  absorbents  of  the  system  generally,  are  known  as  lyni- 
X)hatics.  The  distinction  is  a  purely  artificial  one;  for  the  'lacteals'  are 
the  'lymphatics'  of  those  parts  of  the  intestinal  walls  which  they  supply, 
as  is  shown  by  the  fact  that,  during  the  intervals  of  the  digestive  process, 
they  contain  a  transpai'ent  fluid  in  all  respects  similar  to  the  '  lymph'  of 
other  j)arts.  The  Absorbents  form  a  minute  plexus  beneath  the  mucous 
lining  of  the  alimentary  canal  along  its  whole  extent;  but  in  the  small 
intestine  they  enter  the  villi,  at  the  extremities  of  which,  indeed,  they 
may  be  said  to  commence.  Those  only  are  entitled  to  the  designation  of 
'lacteals,'  which  originate  from  the  intestinal  canal  below  the  point  at 
which  the  biliary  and  pancreatic  ducts  poui'  their  contents  into  it ; .  for 
above  that  point,  the  fatty  constituents  of  the  alimentary  matter  are  not 
in  a  state  of  sufficiently  fine  division  to  enter  them ;  and  the  absorbed 
fluid  is  consequently  pellucid,  instead  of  possessing  the  milky  aspect.  Thus, 
then,  we  are  to  consider  the  lacteal  portion  of  the  Absorbent  system,  to  be 
that  part  of  it  which  is  specially  adapted,  by  its  prolongation  into  the  villi, 
for  the  reception  of  an  oleaginous  fluid ;  which  we  shall  presently  see  to  be 
taken  up  from  the  contents,  of  the  alimentary  canal,  and  to  be  prepared 
for  entrance  into  the  absorbents,  by  a  set  of  peculiar  cells  developed  at 
the  radical  extremities  of  those  organs  (§  4G1). 

460.  The  general  structure  of  the  Villi  of 
the  Intestinal  mucous  membrane  has  been 
already  described  (§§  228,  234) ;  but  the  pe- 
culiar disjjosition  of  their  component  struc- 
tures must  here  be  more  minutely  noticed. 
— Each  villus  appears  ordinarily  to  contain 
but  a  single  lacteal  tube  which  occupies  its 
centre;  in  the  larger  villi,  however,  two  or 
even  more  trunks  are  sometimes  discernible 
(Fig.  99,  a).  The  mode  in  which  this  tube 
commences,  near  the  extremity  of  the  villus, 
has  not  yet  been  precisely  made  out ;  but  it 
seems  probable  that  it  originates  in  a  plexus, 
formed  by  the  anastomosis  of  branches  into 
which  it  subdivides.  This  much,  however,  is 
quite  certain,  that  the  lacteals  do  not  com- 
mence by  open  orifices  on  the  intei'ual  surface 
of  the  intestinal  tube,  as  they  were  formerly 
supposed  to  do.  Each  villus  is  also  furnished 
with  a  minute  plexus  of  capillary  vessels,  which, 
lies  near  its  smface;  these  sometimes  pass 
between  a  single  arterial  and  venous  twig,  as 
in  the  villus  of  the  Hare  (Fig.  98),  but  _ai-e 
sometimes  supplied  by  several  distinct  twigs, 
as  in  the  villi  of  Man  (Fig.  22) ;  the  paiii- 
cular  arrangement  of  the  vessels,  the  foi*ni 
of  the  plexus,  &c.,  differing  considerably  m 
different  animals,  and  even  in  different  por- 
tions of  the  intestine  of  the  same  individual.  From  the  facts  to  be 
presently  stated,  it  will  be  obvious  that  these  blood-vessels  are  not  less 


Vessels  of  an  Intestinal  Villus  of 
a  flare,  from  a  dry  preparation  by 
niillinger  :  —  a,  a,  veins  filled  with 
wliite  injection;  6,  6,  arteries  in- 
jected red. 
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actively  concerned  in  the  absorbent  functions,  than  arc  the  lacteals 
themselves  j  and  there  is  evidence,  moreover,  that  the  circulation  of 
blood  through  them  is  essential  to  the  introduction  of  chyle  into  the 
absorbents.*  Hence  some  have  supposed  that  the  contents  of  the  lacteals 
are  fii-st  imbibed  by  the  blood-vessels,  and  ai"e  afterwards  eliminated  from 
them  by  a  kind  of  glandular  action  on  the  part  of  the  absorbents ;  but  of 
this  there  is  no  adequate  evidence ;  and  it  seems  more  probable  that  the 
constant  supply  of  blood  is  required  for  that  peculiar  cell-action,  to  which 
tlie  selection  of  the  materials  of  the  chyle  is  due. — The  curious  fact  has 
i-ecently  been  substantiated  by  Prof.  Kolliker,t  that  the  villi  contains 
numerous  muscular  fibre-cells  (§  305),  and  that  they  present  themselves 
in  very  different  degrees  of  contraction  and  extension.  This  observation 
confii-ms  the  statement  formerly  made  by  M.  Lacauchie  ^  as  to  the  existence 
of  contractile  tissue  in  the  villi,  which  statement  was  based  on  the  con- 
traction which  he  had  observed  them  to  undergo  after  their  removal  from 
the  body;  and  also  the  yet  more  remarkable  assertion  of  MM.  Gruby  and 
Delafond,  that  rhythmical  movements  of  contraction  and  extension  in 
different  directions  take  place  in  the  villi  whilst  absorption  is  going  on,§ 
which  have  an  important  influence  on  the  propulsion  of  the  fluids  con- 
tained T\athin  their  vessels. 

461.  When  the  Villi  are  examined  at  such  a  period  after  a  meal  con- 
taining oleaginous  matters,  as  has  sufficed  for  its  pai-tial  digestion,  their 
lacteals  ai-e  seen  to  be  turgid  with  chyle  (Fig.  99,  a);  and  the  extremity 


Extremity  of  Intestinal  Villus  :  seen  at  a,  during  absorption,  and  showing:  absorbent  cells  and 
pTriphera'l^etWork^o"^^^^^^  ""^  °'  '^"""^  interval  of  digestion,  showing  the  supposed 

of  each  lacteal  appears  to  be  imbedded  in  a  collection  of  globules  pre- 
senting an  opalescent  appearance,  which  gives  to  the  end  of  the  villus  a 
somewhat  mulbeny-like  form.  It  was  supposed  by  Prof  GoodsirJI  by 
whom  this  appearance  was  first  observed,  that  these  globules  are  cells 
developed  within  the  basement-membrane,  during  the  act  of  absorp- 
tion, from  what  he  considered  to  be  granular  germs  visible  in  the  same 
situation  during  the  intervals  of  the  process  (b);  and  that  these  cells 
drawing  into  themselves  during  their  growth  certain  of  the  nutritive 
materiaLs  contained  in  the  intestinal  canal,  are  thus  the  real  ao-ents 


•  See  especially  the  experiments  of  Mr.  Fen  wick  in  the  "  Lancet,"  Jan.  and  Feb.  184') 
T  "  Mikroskopische  Anatomie,"  band  ii.  §  168.  "' 
t  "  Etudes  Hydrotomiqucs  et  Micrographiques,"  Paris,  1844,  p.  50. 
§  "  Comptes  Rendus,"  1842,  p.  1199  ;  and  1843,  p.  1 195. 

tioi,"  pp!'£i^.'''  '"^  "A^'-^tomical  and  Pathological  Observa- 
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Fig.  100. 


in  the  selection  of  the  substances  which  are  to  be  introduced  into  the  lac- 
teals,  delivering  them  to  these,  by  the  rupture  or  deliquescence  of  their 
walls,  so  soon  as  then-  own  term  of  life  is  ended.  It  was  fiii-ther  held  by- 
Prof.  Goodsir,  that  the  epithelium- cells  covering  the  extremities  of  the 
villi  fall  ^ofF  during  the  process  of  absorption,  so  as  to  leave  the  villi 
more  free  to  imbibe  the  fluids  in  contact  with  their  surface ;  and  thus 
that  a  new  set  of  absorbent  cells  is  developed  with  every  recurrence  of  the 
act  of  absorption,  and  a  new  set  of  protective  eiDithelium-ceUs  in  the 
subsequent  interval.  These  views,  however,  though  correctly  indicating 
the  fact  that  the  elements  of  chyle  are  introduced  into  the  lacteals  by  the 
intermediation  of  cells,  have  been  shown  to  be  erroneous  so  far  as  regards 
the  natui'c  of  these  cells;  which  several  excellent  observers*  agi'ee  in  re- 
garding as  the  proper  epithelium-cells  of  the  villi, — these  not  being  thrown 
off,  as  Prof.  Goodsir  believed,  but  so  completely  changing  their  aspect  in 

consequence  of  the  imbibition  of  oleaginous 
fluid  (Fig.  100),  that  they  cease  to  be  re- 
cognizable as  such,  unless  their  intermediate 
stages  be  traced.  The  epithelium-cells  of 
the  villi  may  frequently  be  observed  (as 
formerly  mentioned)  to  be  connected  at 
their  free  extremities  by  something  like  a 
continuous  membrane  (Fig.  20) ;  and  it  was 
doubtless  this  which  was  mistaken  by  Prof. 
Goodsir  for  the  j)roper  basement-membrane 
that  underlies  the  epithelium-cells. — It  may, 
then,  be  stated  with  some  confidence,  that 
the  epithelium-cells  covering  the  extremities 
of  the  villi  are  the  real  instruments  in  the 
selection  and  absorj)tion  of  the  materials  of 
the  chyle ;  and  that,  drawing  these  into  their 
own  cell-cavities,  they  subsequently  deliver 
them  lijD  to  the  lacteals,  by  which  they  are 
carried  towards  the  centres  of  the  circula- 
tion. And  further,  that  although  it  may 
be  true  that  the  epithelium-cells  are  some- 
Extremity  of  an  7H<es<i«rt;rai«  during  times  cast-off  in  considerable  quantities,  in 

absorption:— (I,  marginal  layer  of  epithe-  ppy.j-oin  disnrdprpd  stfltpf?  Cif  thp  muCOUS 
lium-cells;  6,  epithclium-eells  turgid  with    ^^l'''""    UlbUIueieu    btdtCb  OI    tue  Uluouuo 

oleaginous  matter;  c,  adherent  oil  gio-  membrane  (as  in  cholcra),  yet  that  there  IS 

no  evidence  of  its  being  thus  exuviated  in 
health ;  the  appearances  which  have  led  to  the  idea  that  siich  exuviation 
is  a  regular  occui-rence,  being  partly  dependent  upon  the  facility  with 
which  the  villi  are  denuded  of  them  by  maceration  or  manipulation. 

4G2.  In  reo-ard  to  the  deo-ree  in  which  the  function  of  Nutritive 
Absorption  is  performed  by  the  Lacteals  and  by  the  Sanguiferous  system 
respectively,  considerable  difference  of  opinion  has  j)revailed.  "^Vhen  the 
Absorbent  vessels  were  first  discovered,  and  their  functional  importance 
was  perceived,  it  was  imagined  that  the  introduction  of  alimentary  fluid 

*  See  MM.  Gruby  and  Delafond,  in  "  Comptcs  Rendiis,"  5  Juin  .1 843  ;  Kiiss,  in  "  Gaz. 
Med.  de  Strasbourg,"  No.  2,  1846;  E.  II.  Weber,  in  "  Ml.ller's  Archiv.,"  1847  ;  Kolliker, 
"  Mikroskopische  Anatomie,"  band  ii.  $  169  ;  and  Bennett,  in  "  Edinb.  Montiily  Journal, 
March,  1052,  p.  283. 
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into  the  vascular  system  took  place  by  them  alone.  A  slight  knowledge  of 
Comparative  Anatomy,  however,  might  have  sufficed  to  correct  this  error ; 
since  no  lacteals  exist  in  the  Invertebrated  animals,  the  function  of 
Absorption  being  performed  by  their  mesenteric  blood-vessels  only, 
whence  it  is  evident  that  these  do  possess  the  power  of  absorption :  and 
it  is  scarcely  to  be  supposed  that  they  should  not  exercise  this  power  in 
Vertebrated  animals  also,  since  their  disposition  on  the  walls  of  the 
intestinal  cavity  is  obviously  favourable  to  it.  On  the  other  hand,  the 
introduction  of  a  new  and  distinct  system  of  vessels  would  seem  to  indi- 

■  cate,  that  they  must  have  some  special  puqDose ;  and  there  can  be  no 
doubt  that  the  absorption  of  a  particular  kind  of  nutritive  matter  is 

,  that  for  which  they  are  designed.  —  That  Absorption  is  effected,  to  a 
V  very  considerable  amount,  by  the  agency  of  the  Blood-vessels,  is  shown  by 
t  the  readiness  with  which  aqueous  fluids,  and  even  alcohol,  are  taken  up 
!  from  the  parietes  of  the  stomach,  and  are  carried  into  the  general  circu- 
!  lation.  Thus  in  a  case  of  extroversion  of  the  bladder,  observed  by  Mr. 
.  Erichsen,*  in  which  the  urinary  secretion  could  be  collected  immediately 
'  on  its  passing  from  the  kidney,  when  a  solution  of  feiTocyanide  of  potas- 
-  slum  was  taken  into  the  stomach,  this  salt  was  detected  in  the  urine  in 

one  instance  within  1  minute,  and  in  three  other  instances  within 
.  2 1  minutes.  In  all  these  cases,  however,  the  stomach  may  be  presumed 
'  to  have  been  empty,  and  the  vascular  system  in  a  state  of  aj)titude  for 
a  absorption  j  since  the  experiments  were  made  either  after  a  long  fast,  or 

at  least  four  hours  after  a  light  meal.  When,  on  the  other  hand,  the  salt 
■^  was  introduced  into  the  stomach  soon  after  the  ingestion  of  alimentary 
^  substances,  a  much  longer  period  elapsed  before  it  could  be  detected  in 
t  the  urine;  thus  when  a  substantial  meal  had  been  taken  two  hours  pre- 
\  viously,  the  interval  was  12  minutes;  when  tea  and  bread-and-butter  had 
'  been  taken  one  hour  previously,  the  interval  was  14  minutes;  a  similar 

■  meal  ha^dng  been  taken  twenty-four  minutes  p-eviously,  the  interval  was 
1  1 6  minutes ;  when  only  two  minutes  had  passed  since  the  conclusion  of 

■  such  a  meal,  the  interval  was  27  minutes;  and  when  a  solid  meal  had 
been  concluded  just  before  the  introduction  of  the  salt,  the  interval  was 

•  39  minutes,  t — These  facts  are  of  great  importance,  in  showing  the  very 

*  "  Medical  Gazette,"  vol.  xxxvi.  p.  363. 

+  The  great  rapidity  with  which  soluble  salts,  introduced  into  the  stomach,  make  their 
!  appearance  in  the  urine,  has  led  M.  CI.  Bernard  to  think  that  some  more  direct  channel  must 
exist  for  their  passage  from  the  stomach  to  tlie  kidne)-s,  than  that  which  the  ordinary  current 

•  of  the  sanguiferous  circulation  affords.  And  he  has  advanced  the  extraordinary  doctrine,  that 
>  whilst  absorption  is  going  on,  there  is  a  constriction  of  the  vena  cava  above  the  entrance  of 
'  the  hepatic  vein,  whereby  a  refltix  of  the  blood  discharged  by  it  takes  place,  so  that  it  passes 

into  the  reml  vein,  without  reaching  the  heart.    And  be  asserts  that  a  peculiar  thickening 
'  of  the  muscular  coat  exists  in  the  upper  part  of  the  vena  cava,  whereby  its  contraction  is 
'  occasioned ;  also  that  there  are  (in  the  horse  at  least)  direct  passages  by  which  a  part  of  the 
'  portal  blood  may  be  discharged  into  the  vena  cava,  without  passing  through  the  liver. 
"("L'Union  M6dicale,"  1849,  No.  115). — Now,  in  the  first  place,  this  hypothesis  is  not 
necessary  to  explain  the  facts  ;  for,  as  will  be  shown  hereafter  (§  509),  there  is  evidence  of 
the  transmission  of  substances  to  other  parts,  with  at  least  as  much  rapidity  as  is  indicated 
by  their  appearance  in  the  urine.    And,  in  the  second  place,  if  the  supposed  reflux  really 
took  place,  it  must  affect  the  whole  venous  circulation  of  the  trunk  and  lower  extremities 
1  except  such  as  the  vena  azygos  and  a  few  other  small  chajinels  could  provide  for;  and  must 
occasion  (to  make  good  the  conditions  of  the  problem)  not  merely  a  stagnalion,  but  an  absolute 
reflux,  so  that  the  veins  are  metamorphosed  into  arteries,  and  the  arteries  into  veins.  How 
the  vis  a  tergo,  originally  derived  from  the  heart,  can  thus  be  strong  enough  at  the  very  end 
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marked  influence  which  the  state  of  the  stomach  exercises  upon  the 
absorption  of  matters  introduced  into  it.  Not  less  important,  however, 
is  the  state  of  the  vascular  system  in  regard  to  turgescence  or  emptiness; 
for  it  was  found  by  Magendie,  that  when  he  had  injected  a  considerable 
quantity  of  water  into  the  veins  of  a  dog,  poison  was  absorbed  veiy 
slowly ;  wliilst  if  he  i-elieved  the  distension  by  bleeding,  there  was  speedy 
evidence  of  its  entrance  into  the  circulation. — The  rapidity  with  which 
not  only  aqueous  but  alcoholic  liquids  introduced  into  the  stomach  may 
pass  into  the  general  circulation,  has  been  shown  by  the  experiments  of 
Dr.  Percy;*  who  found  that  when  strong  alcohol  was  injected  into  the 
stomach  of  dogs,  the  animals  would  sometimes  fall  insensible  to  the 
ground  immediately  upon  the  completion  of  the  injection,  their  respira- 
tory and  cardiac  movements  ceasing  within  two  minutes ;  and  that  on 
post-mortem  examination  in  such  cases,  the  stomach  was  nearly  empty, 
whilst  the  blood  was  highly  charged  with  alcohol;  thus  rendering 
it  highly  probable,  that  not  merely  the  final  destruction  of  nervous 
power,  but  the  immediate  loss  of  sensibility,  was  due  to  the  action  of 
alcoholized  blood  upon  the  nervous  centres. — Finally,  numerous  experi- 
ments have  been  made  by  vai'ious  physiologists,  which  have  demonstrated 
tlie  absorption  of  alimentaiy  and  other  substances  from  the  walls  of  the 
Stomach ;  these  substances  having  been  prevented  from  passing  into  the 
intestine,  by  a  ligature  ai'ound  the  pylorus.  Now  as  the  Absorbent 
system  does  not  present  that  peculiar  aiTangemeut  in  the  coats  of  the 
stomach,  which  it  does  in  those  of  tlie  intestinal  tube,  there  can  be  little 
doubt  that  the  introduction  of  such  substances  into  the  system  must 
be  effected  chiefly,  if  not  entirely,  tlu'ough  the  medium  of  its  capillaiy 
Blood-vessels. 

4G3.  That  the  Blood-vessels  of  the  Intestinal  tube,  also,  largely  partici- 
pate in  the  introduction  of  soluble  alimentary  matter  into  the  system,  has 
been  clearly  proved  by  various  observations  upon  the  constitution  of  the 
blood  of  the  mesenteric  veins  (§  1G7);  these  having  shown,  that  after  the 
digestion  of  albuminous  and  farinaceous  or  saccharine  siibstances,  albu- 
minose,  dextrin,  grape-sugar,  and  lactic  acid  are  detectible  in  that  fluid, 
whose  usual  composition  is  greatly  altered  by  the  presence  of  these  sub- 
stances, as  well  as  by  the  augmented  proportion  of  water  which  it  contains. 
We  may  consider  the  Sanguiferous  vessels,  then,  as  affording  the  usual 
channel  by  which  a  large  part  of  the  mitritive  materials  ai-e  introduced 
into  the  system;  but  these  are  not  allowed  to  pass  into  the  general  cur- 
rent of  the  circulation,  until  they  have  been  subjected  to  an  impoi-taut 
assimilating  process,  which  it  appears  to  be  one  great  office  of  the  Liver 
to  perform,  whereby  they  ai-e  rendered  more  fit  for  the  piu-j)oses  they  are 
destined  to  sei-ve  in  the  economy.  Of  this  we  shall  presently  have  to 
speak  (§  472). — But  the  absorbent  power  which  the  blood-vessels  of  the 
Alimentaiy  canal  possess,  is  not  limited  to  alimentary  substances ;  for  it 
is  through  them  almost  exclusively,  that  soluble  matters  of  every  other 
descrijDtion  are  received  into  the  circulation.  This,  which  may  now  be 
considered  a  well-established  fact,  was  first  clearly  shown  by  the  carefully- 

of  the  systemic  circulation,  not  merely  to  neutralize,  but  actually  to  overcome,  the  force 
which  it  exercises  almost  close  to  the  heart,  M.  Bernard  has  not  informed  us. 

*  "  Experimental  Inquiry  concerning  tlie  Presence  of  Alcohol  in  the  Ventricles  of  tlie 
Brain,"  p.  61. 
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conducted  experiments  of  MM.  Tiedemann  and  Gmelin,*  who  mingled 
with  the  food  of  animals  various  substances,  which,  by  their  colour,  odour, 
or  chemical  properties,  might  be  easily  detected  in  the  fluids  of  the  body : 
after  some  time  the  animal  was  examined;  and  the  result  was,  that  une- 
quivocal traces  of  such  substances  were  not  unfrequently  detected  in  the 
venous  blood  and  in  the  urine,  whilst  it  was  only  in  a  very  few  instances 
that  any  indication  of  them  could  be  discovered  in  the  chyle.  The  colour- 
1  ing  mattei-s  employed  were  various  vegetable  substances;  such  as  gamboge, 
;i  madder,  and  rhubai'b;  the  odorous  substances  were  camphor,  musk,  asa- 
t^fcetida,  &c. ;  while,  in  other  cases,  various  saline  bodies,  such  as  chloride 
of  barium,  acetate  of  lead  and  of  mercury,  and  some  of  the  prussiates, 
vwhich  might  easily  be  detected  by  chemical  tests,  were  mixed  with  the 
t  food.    The  colouring  matters,  for  the  most  part,  were  carried  out  of  the 
<  system,  without  being  received  either  into  the  veins  or  lacteals ;  the 
•odorous  substances  were  generally  detected  in  the  venous  blood  and  in  the 
i.iu-ine,  but  not  in  the  chyle;  whilst  of  the  saline  substances,  many  were 
found  in  the  blood  and  in  the  urine,  and  a  very  few  only  in  the  chyle. 

similar  conclusion  might  be  drawn  from  the  numerous  instances,  in 
\  which  various  substances  introduced  into  the  intestines  have  been  de- 
fected in  the  blood,  although  the  thoracic  duct  had  been  tied ;  but  these 
rtresidts  ai*e  less  satisfactory,  because  even  if  there  be  no  direct  communica- 
ition  (as  maintained  by  many)  between  the  lacteals  and  the  veins  in  the 
imesenteric  glands,  the  partitions  which  separate  their  respective  contents 
iiare  evidently  so  thin,  that  transudation  may  readily  take  place  through 
ithem. 

464.  This  Absorption  by  the  Blood-vessels  is  a  simply  physical  opera- 

II,  depending  upon  the  relative  consistency  and  miscibility  of  the  blood 
.  of  the  liquids  to  be  absorbed,  and  upon  the  rapid  movement  of  the 
)d  through  the  vessels.    Where  the  contents  of  the  alimentary  canal 
of  less  specific  gravity  than  the  blood,  and.  are  capable  of  readily 
igling  with  it,  an  endosmotio  cmrent  will  be  established,  through  the 
icate  parietes  of  the  blood-vessels  and  their  thin  investments,  between 
two  liquids,  the  former  passing  towards  the  other ;  and  in  this  mode, 
Liminous,  gelatinous,  saccharine,  saline,  and  other  soluble  substances 
Y  be  caused  to  enter  the  blood,  if  their  solution  be  not  too  concen- 
:ed.    But  if  theii-  density  be  equal  to  that  of  the  blood,  or  nearly  so, 
le  or  no  absori:)tion  is  likely  to  take  place;  and  one  purpose  which  is 
wered  by  the  very  copious  discharge  of  aqueous  fluid  into  the  aliment- 
canal,  during  the  operation  of  digestion,  is  obviously  the  reduction  of 
density  of  the  solution  to  a  favourable  point.    If,  again,  the  density 
the  contents  of  the  alimentary  canal  should  exceed  that  of  the  blood, 
endosmotic  current  might  perliaps  be  established  in  the  opposite  direc- 
i;  but  their  dilution  would  probably  be  effected  so  speedily,  that  little 
the  contents  of  the  blood-vessels  would  be  thus  drawn  forth,  more 
ecially  as  animal  membranes  appear  to  have  a  special  power  of  resist- 
tiie  passage  of  Albumen,  whilst  they  give  free  transmission  to  Albu- 
lose.t — That  the  movement  of  blood  in  the  vessels  will  vastly  increase 
"  Vcrsuche  iiber  die  Wege  auf  welchen  SubstanKen  aus  dem  Magen  und  Darmkanal  ins 
tgelangon,"  Heidelberg,  1820. 
■  It  is  considered  by  Liebig  that  the  purgative  effects  of  concentrated  saline  solutions  are 
)e  accouiited-for  on  this  principle, — the  establishment  of  an  endosmotic  current  from 
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the  rate  of  endosmotic  absorption,  is  easily  proved  experimentally;  uud 
this  it  is  which  constitutes  the  main  difference  between  the  living  and  the 
dead  subject* 

465.  It  is  a  very  remarkable  fact,  which  has  recently  been  fully  sub- 
stantiated, that  not  merely  soluble  matters,  but  insoluble  substances  in  a 
state  of  minute  division,  may  find  their  way  from  the  alimentary  canal 
into  the  current  of  the  circulation.  Thus  it  was  found  by  Oesterlen+ 
that  particles  of  finely-divided  charcoal,  introduced  into  the  alimentary 
canal,  could  be  distinguished  in  the  blood  of  the  mesenteric  veins ;  and 
similar  results  have  been  obtained  by  Eberhard,  and  by  Mensonides  and 
Bonders,  not  only  \nth.  charcoal,  but  also  with  sulphur  and  even  with 
starch,  the  latter  substance  being  at  once  detectible  in  the  blood  by  the 
iodine-test.  It  is  doubtful  whether  these  particles  are  taken-up  by  tKe 
lacteal  system;  though  Bonders  seems  of  opinion,  from  finding  them 
deposited  in  the  lungs  rather  than  in  the  liver,  that  the  former  is  their 
more  usual  channel  of  entrance.  J  How  they  find  their  way  through  the 
walls  of  the  vessels,  however,  is  at  present  a  complete  mystery. 

2. — Absorption  from  the  Body  in  general. 

4G6.  The  Mucoiis  Membrane  of  the  alimentary  canal  is  by  no  means 
the  only  channel  through  which  nutritive  or  other  substances  may  be 
introduced  into  the  circidating  apparat^^s  from  external  soiu'ces.  The 
Lymphatic  system  is  present  in  all  animals  which  have  a  lacteal  system; 
and  the  two,  as  already  pointed  out,  evidently  constitute  one  set  of  vessels. 
The  Lymphatics,  however,  instead  of  commencing  on  the  intestinal  walls, 
ai-e  disti'ibuted  through  most  of  the  vascular  tissues  of  the  body,  and 
especially  in  the  Skin ;  but  their  number  bears  no  proportion  whatever  to 
the  vascidarity  of  the  several  tissues,  or  to  the  amount  of  interstitial  change 
which  these  luidergo;  and  it  is  remarkable  that  the  Nervous  centres 
should  be  (so  fiir  as  is  yet  known)  entirely  destitute  of  them,  and  that 
they  should  be  so  scanty  in  the  interior  of  Muscles,  as  to  suggest  that 
they  belong  rather  to  the  connective  areolar  tissue  than  to  the  muscular 
substance  itself  (§  308).  Their  origins  cannot  be  clearly  traced;  but  they 
seem  in  general  to  form  a  plexus  in  the  substance  of  the  tissues,  from 
which  the  convergent  trunks  arise.  After  passing,  like  the  lacteals, 
through  a  series  of  glandular  bodies  (the  j^recise  nature  of  which  will  be 
pi'eseutly  considered,  §  473),  they  empty  their  contents  into  the  same 
receptacle  with  the  lacteals ;  and  the  mingled  products  of  both  pass  into 
the  Sanguiferous  system. — We  find  in  the  Skin,  also,  a  most  copious  distri- 

instead  of  toivards  the  circulating  system.  It  is  difficult,  however,  thus  to  account  for  all  the 
phenomena  of  saline  purgation  ;  and  the  Author  greatly  doubts  the  validity  of  the  explana- 
tion.— It  may,  however,  be  applied  with  more  probability,  to  the  fact  of  which  the  Author 
was  assured  by  the  late  Dr.  Prout ;  viz.,  that  having  fed  a  dog  upon  pure  starch,  he  had 
found  albumen  in  the  duodenum.  On  this  fact  Dr.  Prout  much  relied  as  a  proof  of  the 
convertibility  of  starch  into  albumen, — an  idea  which  would  now  be  universally  condemned 
by  Organic  Chemists  ;  but  it  does  not  seem  difficult  to  believe,  that  the  presence  of  a  viscid 
mass  of  half-digested  starch  might  have  determined  a  transudation  of  albumen  from  the  blood- 
vessels by  endosmosis. 

*  On  the  whole  of  this  subject,  sec  the  Author's  "  Princ.  of  Phys.,  Gen.  and  Comp^j 

CHAP.  XI. 

t  "  Heller's  Archiv.,"  1847.  J  «  Henl6's  Zeitschrift,"  1851. 
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bution  of  capillary  blood-vessels,  the  arangement  of  which  is  by  no  means 
unlike  that  of  the  blood-vessels  of  the  alimentary  canal;  and  its  surface  is 
fm-ther  extended  by  the  elevations  that  form  the  sensory  papilla;  (Fig.  90), 
which  are  in  many  points  comparable  to  the  intestinal  villi,  although  their 
special  function  is  so  dilFerent. 

467.  In  the  lowest  tribes  of  animals,  and  in  the  earliest  condition  of 
the  higher,  it  would  seem  as  if  Absorption  by  the  external  surface  is 
almost  equally  important  to  the  maintenance  of  life,  with  that  which  takes 
place  through  the  internal  reflexion  of  it  forming  the  walls  of  the  Diges- 
tive cavity.  In  the  adult  condition  of  most  of  the  higher  animals,  however, 
the  special  function  of  the  latter  is  so  much  exalted,  as  usually  to  super- 
sede the  necessity  of  any  other  supply ;  and  the  function  of  the  cutaneous 
and  pulmonary  surfaces  may  be  considered  as  rather  that  of  exhalation, 
than  of  absorption.*  But  there  ai'e  pecuhar  conditions  of  the  system,  in 
which  the  imbibition  of  fluid  through  these  sm-faces  is  performed  with 
gi*eat  activity,  supplying  what  would  otherwise  be  a  most  important  defi- 
ciency. It  may  take  place  either  through  the  direct  application  of  fluid 
to  the  sm-face,  or  even  through  the  medium  of  the  atmosphere,  in  which 
a  gi-eater  or  less  proportion  of  watery  vapour  is  usually  dissolved.  This 
absoriDtion  occurs  most  vigorously,  when  the  system  has  been  di-ained  of 
its  fluid,  either  by  an  excess  of  the  excretions,  or  by  a  diminution  of  the 
regular  supply. 

468,  It  may  be  desirable  to  adduce  some  individual  cases,  which  will  set 
this  function  in  a  striking  point  of  view ;  and  those  may  be  first  noticed, 
in  which  the  Absorption  took  place  through  the  contact  of  liquids  with 
the  skin.  It  is  well  known  that  shipwrecked  sailors,  and  others,  who  are 
suffering  from  thirst,  owing  to  the  want  of  fresh  water,  find  it  greatly 
alleviated,  or  altogether  relieved,  by  dipping  their  clothes  into  the  sea, 
and  putting  them  on  whilst  still  wet,  or  by  frequently  immersing  their 
own  bodies. t — Dr.  Currie  relates  the  case  pf  a  patient  labouring  under 
dysphagia  in  its  most  advanced  stage ;  the  introduction  of  any  nutriment, 
whether  solid  or  fluid,  into  the  stomach,  having  become  perfectly  imprac- 
ticable. Under  these  melancholy  circumstances,  an  attempt  was  made  to 
prolong  his  existence,  by  the  exhibition  of  nutritive  enemata,  and  by 
immersion  of  the  body,  night  and  morning,  in  a  bath  of  milk  and  water. 
Diii-ing  the  continuance  of  this  plan,  his  weight,  which  had  previously 
been  rapidly  diminishing,  remained  stationary,  although  the  quantity  of 
the  excretions  was  increased.  How  much  of  the  absorption,  which  must 
have  been  effected  to  replace  the  amount  of  excreted  fluid,  is  to  be  attri- 
buted to  the  baths,  and  how  much  to  the  enemata,  it  is  not  easy  to  say ; 
but  it  is  important  to  remark  that  "  the  thirst,  which  was  ti'oublcsome 
during  the  first  days  of  the  patient's  abstinence,  was  abated,  and,  as  he 

•  We  hcive  a  rciTicirkfible  exception  to  this  genern,!  stateinent,  however,  in  the  case  of 
Frogs  and  other  Batrachia,  which  are  characterized  by  the  softness  of  their  skins  and  tlie  thin- 
ness of  their  epid(!rmic  covering  ;  for  cutaneous  absorption  seems  in  them  to  be  no  less  active 
than  their  cut'ineous  exhalation  and  respiration  are  well  known  to  be.  Thus  Frogs,  which 
habitually  live  in  a  moist  atmosphere,  seldom  or  never  drink  ;  yet  when  they  have  lost  fluid 
by  exposure  to  hot  dry  air,  they  will  regain  their  weiglit  by  being  left  for  a  time  upon  moist 
sjuid  ;  and  the  bladder,  which  serves  as  a  reservoir  of  water  for  cutaneous  cxlmlation,  though 
previously  emptied,  will  be  refilled. 

+  See  a  collection  of  such  cases  in  Dr.  Maddeu'si  "  Experimentul  Ent^uiry  into  the  Phy- 
siology of  Cutaneous  Absorption,"  p.  47. 
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declared,  removed  by  the  tepid  bath,  in  which  he  liad  the  most  gi-ateful 
sensations."  "  It  cannot  be  doubted,"  Dr.  Currie  observes,  "  that  the  dis- 
charge by  stool  and  perspiration  exceeded  the  weight  of  the  clysters;" 
and  the  loss  by  the  urinary  excx'etion,  which  increased  from  24  oz.  to  3G  oz. 
under  this  system,  is  only  to  be  accounted  for  by  the  cutaneous  absorp- 
tion.*— Dr.  S.  Smith  mentions  that  a  man,  who  had  lost  nearly  3  lbs.  by 
perspiration,  during  an  hour  and  a  quarter's  labour  in  a  veiy  hot  atmo- 
sphere, regained  8  oz.  by  immersion  in  a  warm  bath  at  95°,  for  half  au 
hovir.t — The  experiments  of  Dr.  Madden^  on  his  own  person  show  that  a 
positive  increase  usually  takes  place  in  the  weight  of  the  body,  during 
immersion  in  the  warm  bath,  even  though  there  is  at  the  same  time  a 
continual  loss  of  weight  by  pulmonaiy  exhalation,  and  by  transudation 
from  the  skin.§  This  increase  was,  in  some  instances,  as  much  as  5 
drachms  in  half  an  hour;  whilst  the  loss  of  weight  during  the  previous 
half  hour  had  been  Gh  drachms:  so  that,  if  the  same  rate  of  loss  were  con- 
tinued in  the  bath,  the  real  gain  by  absorption  must  have  been  nearly  an 
ounce  and  a  half  Why  this  gain  was  much  less  than  in  the  cases  just 
alluded  to,  is  at  once  accounted-for  by  the  fact,  that  there  was  no  defi- 
ciency, in  the  latter  case,  of  the  fluids  naturally  present  in  the  body. 

4G9.  There  are  certain  phenomena,  which,  if  acciirately  recorded,  can- 
not be  accounted-for  in  any  other  way,  than  by  admitting  that,  under 
particular  circumstances,  a  considerable  amount  of  water  may  be  absoi-bed 
from  the  vapour  of  the  atmosphere.  The  following  are  among  the  most 
satisfixctory  and  circumstantial  observations  that  have  been  adduced  in 
support  of  this  position.  Lining  observed  that  his  body  on  one  occasion 
increased  in  weight  during  two  hours  to  the  amount  of  8^  oz.,  allowance 
being  made  for  the  amount  of  fluid  ingested  during  that  time,  and  for  the 
quantity  passed-off"  by  the  urine  and  by  cutaneous  transpiration.  ||  Dr. 
Jurin  afiirms  that  he  ascertained  an  increase  of  1 8  oz.  to  have  taken  place 
dm-ing  a  night  passed  in  a  cool  room  after  a  day's  exercise  and  abstinence.  IT 
It  is  stated  by  Dr.  Watson,**  that  a  lad  at  Newmarket,  having  been  almost 
starved,  in  order  that  he  might  be  reduced  to  a  proper  weight  for  riding  a 
match,  was  weighed  at  9  a.m.,  and  again  at  10  a.m.  ;  and  he  was  found  to 
have  gained  nearly  30  oz.  in  weight  in  the  course  of  this  hour,  though  he 
had  only  di'unk  half  a  glass  of  wine  in  the  interim.  A  parallel  instance 
was  related  to  the  Author  by  the  late  Sir  G.  Hill,  then  Governor  of  St. 
Vincent :  a  jockey  had  been  for  some  time  in  training  for  a  race,  in  which 
that  gentleman  was  much  interested,  and  had  been  reduced  to  the  proper 
weight ;  on  the  morning  of  the  trial,  being  much  oppressed  with  thirst,  he 
took  one  cup  of  tea ;  and  shortly  afterwards  his  weight  was  formd  to  have 
increased  6  lbs.,  so  that  he  was  incapacitated  for  riding. — Nearly  the  whole 
of  the  increase  in  the  former  case,  and  at  least  three-fourths  of  it  in  the 
latter,  must  be  attributed  to  absorption  from  the  vapom'  of  the  atmo- 

*  «  Medical  Reports,"  vol.  i.  pp.  300-326.  f  "  Philosophy  of  Health,"  vol.  ii.  p.  396. 
t  Op.  cit.,  pp.  59-63. 

§  That  part  of  the  function  of  cutaneous  transpiration,  which  consists  in  simple  exhalation, 
is  of  course  completely  checked  by  such  immersion ;  but  that  which  is  the  result  of  <in  actual 
secreting  process  in  the  cutaneous  glands  (chap.  xii.  Sect.  4)  is  increased  by  heat,  even 
though  this  be  accompanied  with  moistui'e. 

II  "  Philosophical  Transactions,"  1743,  p.  496. 

il  Ktapp,  "  Inaug.  Dissert.,"  p.  30,  cited  by  Dr.  Madden. 

*•  "  Chemical  Essays,"  vol.  iii.  p.  100. 
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sphere ;  probably,  however,  rather  through  the  lungs  than  through  the 
skiu.  If  the  possibility  of  such  absorption  be  admitted,  we  are  probably 
to  attribute  to  it  the  chief  part  of  the  excess  of  watery  fluid  which  cannot 
be  otherwise  accounted-for,  in  the  following  instances. — Dr.  Dill*  relates 
the  case  of  a  diabetic  patient,  who  for  five  weeks  passed  24  lbs.  of  urine 
every  twenty-four  hours;  his  ingesta  during  the  same  period  amounted  to 
22  lbs.  At  the  commencement  of  the  disease  he  weighed  145  lbs. ;  and 
when  he  died,  27  lbs.  of  loss  had  been  sustained.  The  daily  excess  of  the 
excretions  over  the  fluid  ingesta  could  not  have  been  less  than  4  lbs. ; 
making  140  lbs.  for  the  thirty-five  days  during  which  the  complaint  lasted. 
If  from  this  we  deduct  the  amount  of  diminution  which  the  weight  of  the 
body  sustained  during  the  time,  we  shall  still  have  113  lbs.  to  be  accounted 
for,  which  can  only  have  entered  the  body  from  the  atmosphere. — A  case 
of  ovarian  di-opsy  has  been  recorded  by  Mr.  Ford,t  in  which  it  was  observed 
that  the  patient,  dm-ing  eighteen  days,  drank  692  oz.  or  43  pints  of  fluid, 
and  that  she  discharged  by  mine  and  by  paracentesis  1298  oz.  or  91  pints, 
which  leaves  a  balance  of  606  oz.  or  38  pints,  to  be  similarly  accounted 

for.:}: 

470.  Not  only  water,  but  substances  dissolved  in  it,  maybe  thus  intro- 
duced. It  has  been  found  that,  after  bathing  in  infusions  of  madder, 
rhubarb,  and  turmeric,  the  urine  was  tinged  with  these  substances ;  and 
that  a  garlic  plaster  affected  the  breath,  when  every  care  was  taken,  by 
breathing  through  a  tube  connected  with  the  exterior  of  the  apartment, 
that  the  odour  should  not  be  received  into  the  lungs. §  Gallic  acid  has 
been  found  in  the  urine,  after  the  external  application  of  a  decoction  of  a 
bark  containing  it;  and  the  sootliing  influence,  in  cases  of  neuralgic  pain, 
of  the  external  application  of  cherry-laui-el  water,  is  w6ll  known.  Many 
saline  substances  are  absorbed  by  the  skin,  when  applied  to  it  in  solution ; 
and  it  is  interesting  to  remark,  that,  contrary  to  what  happens  in  regard 
to  the  absorption  of  these  from  the  alimentaly  canal,  they  are  for  the 
most  part  more  readily  discoverable  in  the  Absorbents  than  in  the  Veins. 
This  is  probably  due  to  the  fact,  that  the  imbibition  of  them  takes  place 
entii'ely  according  to  physical  laws;  in  conformity  with  which  they  pass 
most  readily  into  the  vessels  which  present  the  thinnest  walls  and  the 
lai'gest  surface.  In  the  intestines,  the  vascular  plexus  on  each  villus  is 
far  more  extensive  than  the  ramifying  lacteal  which  originates  in  it ;  and 
as  the  walls  of  the  veins  are  thin,  there  is  considerable  facility  for  the 
entrance  of  saline  and  other  substances  into  the  general  current  of  the 
circulation :  but  in  the  skin,  the  lymphatics  are  distributed  much  more 
minutely  and  extensively  than  the  veins;  and  soluble  matters,  therefore, 
enter  them  in  preference  to  the  veins.  The  absorbent  power  of  the  lym- 
phatics of  the  skin  is  well  shown  by  the  following  experiments.  A  band- 
age having  been  tied  by  Schreger  round  the  hind-leg  of  a  puppy,  the 
limb  was  kept  for  twenty-foiu'  hours  in  tepid  milk ;  at  the  expiration  of 
this  period,  the  lymphatics  were  found  full  of  milk,  whilst  the  veins  con- 

*  "  Trans,  of  Med.-Chirnrg.  Soc.  of  Edinb.,"  vol.  ii. 
+  "  Medical  Communications,"  vol.  ii,  p.  130. 

+  In  this  case,  however,  as  in  others  of  a  similar  kind,  sometliing  is  to  Le  allowed  for  the 
quantity  of  water  contained  in  the  solid  food  ingested  ;  but  this  may  be  fairly  considered  not 
to  exceed  the  quantity  lost  by  pulmonary  and  cutaneous  exhalation,  and  discharged  in  liie 
faecal  evacuations. 

§  Prof.  Dunglison's  "  Human  Physiology,"  7th  edit.  vol.  i.  p.  688. 
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tainod  none.  In  repeating  this  experiment  npon  a  young  man,  no  milk 
conld  be  detected  in  the  blood  drawn  from  a  vein.  It  has  been  shown  by 
Miiller  that,  when  the  posterior  extremities  of  a  frog  were  kept  for  two 
hours  in  a  solution  of  prussiate  of  potass,  the  salt  had  freely  penetrated 
the  lymphatics,  but  had  not  entered  the  veins. — It  does  not  follow,  how- 
ever, from  these  and  similar  experiments,  that  in  all  tissues  the  lymphatics 
absorb  more  readily  than  the  veins;  for  as  the  capillary  blood-vessels  in 
the  lungs  are  much  more  freely  exposed  to  the  sm-face  of  the  air-cells, 
than  are  the  lymphatics,  we  should,  on  the  principles  just  now  stated, 
exjDect  the  former  to  absorb  more  readily.  This  appears  from  experiment 
to  be  the  fact;  for,  when  a  solution  of  prussiate  of  potass  was  injected  by 
Mayer  into  the  lungs,  the  salt  could  be  detected  in  the  semra  of  the  blood 
much  sooner  than  in  the  lymph,  and  in  the  blood  of  the  left  cavities  of 
the  heart,  before  it  had  reached  that  of  the  right. 

471.  Our  inferences  with  regard  to  the  ordinary  functions  of  the  Lym- 
phatic system,  however,  must  be  rather  di-awn  from  the  nature  of  the 
fluid  which  it  contains,  and  from  the  uses  subsequently  made  of  it,  than 
from  such  experiments  as  the  preceding.  We  shall  presently  see,  that 
there  is  a  close  correspondence  in  composition  between  the  Chyle  of  the 
Lacteals,  and  the  Lymph  of  the  Lymphatics ;  the  chief  diflFerence  being 
the  presence  of  a  considerable  quantity  of  fatty  matter  in  the  former, 
and  of  a  larger  proportion  of  the  assimilable  substances  (albumen  and 
fibrin)  which  are  equally  characteristic  of  both  (§  474).  This  evident 
conformity  in  the  nature  of  the  fluid  which  these  two  sets  of  vessels 
transmit,  joined  to  the  fact  that  the  fluid  Lymph,  like  the  Chyle,  is 
conveyed  into  the  general  current  of  the  circulation,  just  before  the 
blood  is  again  transmitted  to  the  system  at  large,  almost  inevitably  leads 
to  the  inference,  that  the  lymph  is,  like  the  chyle,  a  nutritious  fluid,  and 
is  not  of  an  excrementitious  character,  as  maintained  by  Hunter  and  his 
followers.*  On  the  other  hand,  the  close  resemblance  between  the  con- 
tents of  the  Lymphatics,  and  diluted  Liquor  Sanguinis,  seems  to  indicate 
that  the  former  are  partly  derived  from  the  fluid  portion  of  the  blood, 
which  has  transuded  through  the  walls  of  the  capillary  vessels;  and  we 
shall  presently  see  reason  to  believe,  that  this  transudation  is  partly  for 

*  Since  the  time  of  Hunter,  who  first  brought  prominently  forwards  the  doctrine  alluded 
to,  it  has  been  commonly  supposed  (in  this  country  at  least)  that  the  function  of  the  Lym- 
phatics is  to  remove,  by  interstitial  absorption,  the  effete  matter,  which  is  destined  to  be 
carried  out  of  the  system ;  and  any  undue  activity  in  this  process  (such  as  exists  in 
ulceration),  and  any  deficiency  in  its  energy  (such  as  gives  rise  to  dropsical  effusions, 
and  other  collections  of  the  same  kind),  have  been  attributed  to  excess  or  diminution 
in  the  normal  operation  of  the  Absorbent  system.  All  that  we  at  present  know,  how- 
ever, of  the  process  of  Nutrition,  tends  to  the  belief  that  the  effete  matters  are  carried  off 
by  the  Venous  system  ;  for  not  only  do  we  find  no  trace  in  the  Ljnnph  of  any  of  those  sub- 
stances which  are  destined  for  elimination  as  excrementitious,  but  the  Lymphatic  vessels  tire 
cither  absent  altogether,  or  exist  in  but  very  small  numbers,  in  the  Nervo-Muscular  apparatus, 
which  undergoes  more  constant  interstitial  change,  and  produces  more  effete  matter  by  its 
disintegration,  than  does  any  other  part  of  the  organism.  It  may  be  safely  afHrmed  that 
there  is  not  a  single  fact  to  support  what  is  known  as  the  Hunterian  doctrine ;  which  could 
never  have  gained  currency  but  for  tlie  authority  of  its  great  teacher, — its  originator,  perhaps, 
having  been  rather  Hewson  than  Hunter.  In  the  first  edition  of  this  work,  the  Author 
advanced  the  views  stated  above  in  the  belief  that  they  were  original ;  he  has  since  learned, 
however,  that  a  similar  doctrine  had  been  put  forth  by  Dr.  Moultrie  of  South  Carolina  in  the 
"  Amer.  Journ.  of  Med.  Sci.,"  1827  ;  and  by  Dr.  Dunglison  in  the  first  Edition  of  his 
'•  Human  Physiology,"  18^2. 
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the  purpose  of  subjecting  the  crude  materials,  which  may  have  been  taken 
up  direct  into  the  blood-vessels,  to  an  elaborating  or  prcj)aratory  agency, 
such  as  it  seems  to  be  the  especial  object  of  the  Lacteal  system  to  exert 
upon  the  nutritive  substances  which  it  serves  to  introduce  into  the  circu- 
lation.— But  it  seems  not  impossible,  that  there  may  be  another  source  for 
the  contents  of  the  Lymphatics.  We  have  already  had  to  allude,  on  several 
occasions,  to  the  disintegration  which  is  continually  taking  place  within 
the  living  body ;  whether  as  a  result  of  the  limited  duration  of  the  life  of 
its  component  parts,  or  as  a  consequence  of  the  decomposing  action  of 
Oxygen.    Now  the  death  of  the  tissues  by  no  means  involves  their  imme- 
diate and  complete  destruction ;  and  there  seems  no  more  reason,  why  an 
animal  should  not  derive  support  from  its  own  dead  parts,  than  from  the 
dead  body  of  another  individual.    Whilst,  therefore,  the  matter,  which 
has  undergone  too  complete  a  disintegration  to  be  again  employed  as 
nutrient  material,  is  carried  off  by  the  excreting  processes,  that  portion 
which  is  capable  of  being  again  assimilated,  may  be  taken  up  by  the  Lym- 
phatic system.    If  this  be  the  case,  we  may  say,  with  Dr.  Prout,  that 
"  a  sort  of  digestion  is  carried  on  in  all  parts  of  the  body." — It  may  be 
stated,  then,  as  a  general  j)roposition,  that  the  function  of  the  Absorbent 
System  is  to  take  up,  and  to  convey  into  the  Circulating  apparatus,  such 
substances  as  are  capable  of  aj)propriation  to  the  niitritive  process; 
whether  these  substances  be  directly  furnished  by  the  external  world,  or 
be  derived  from  the  disintegration  of  the  organism  itself    We  have  seen 
that,  in  the  Lacteals,  the  selecting  j)ower  is  such,  that  these  vessels  are 
not  disposed  to  convey  into  the  system  any  substances  but  such  as  are 
destined  for  this  purpose ;  and  that  extraneous  matters  are  absorbed  in 
preference  by  the  mesenteric  Blood-vessels.    The  case  is  dilferent,  how- 
ever, with  regard  to  the  Lymphatics ;  for  there  is  reason  to  believe,  that 
they  are  more  disposed  than  the  veins  to  the  absorption  of  other 
soluble  matters,  especially  when  these  are*  brought  into  relation  with 
the   Skin,  through  which  the  lymphatic  vessels  are  very  profusely 
distributed. 

3. — Of  the  Elaboration  of  the  Nutrient  Materials. — Sanguification. 

472.  The  alimentary  substances,  taken  up  by  the  Blood-vessels  and 
Absorbents,  seem  very  far  from  being  capable  of  immediate  application  to 
the  nutrition  of  the  body ;  for  we  find  that  they  are  not  conveyed  by  any 
means  directly  into  the  circulating  current,  but  that  those  which  enter 
the  Gastro-intestinal  veins  are  submitted  to  the  operation  of  the  Liver  • 
whilst  those  which  are  received  into  the  Lacteals  are  subjected  to  a  kind 
of  glandular  action  within  their  own  system;  the  newly-absorbed  mate- 
rials in  both  cases  undergoing  considerable  changes,  which  tend  to  assi- 
milate them  to  the  components  of  the  Blood. — It  will  be  recollected  that 
all  the  veins  which  return  the  blood  from  the  capillaries  of  the  gastro- 
intestinal canal,  converge  into  the  portal  trunk,  which  distributes  this 
blood,  charged  with  the  newly-absorbed  materials,  through  the  capillary 
system^  of  the  Liver.  The  agency  of  this  gland  was  formerly  supposed  to 
be  limited  to  the  elimination,  from  the  blood  subjected  to  its  influence 
of  the  materials  of  the  biliary  secretion;  but  there  is  now  evidence  that 
the  blood  itself  is  changed  by  its  means,  in  a  manner  which  indicates  an 
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assimilating  as  well  as  a  de2mrating  action.  The  blood  which  comes  to 
the  Liver  from  the  alimentary  canal,  is  charged  with  albuminous  matter 
in  a  state  different  from  that  of  the  albumen  of  perfect  blood  (§  1G7); 
and  the  assimilation  of  this  would  appear,  fi-om  the  observations  and 
experiments  of  M.  CI.  Bernard  formerly  referred  to  (§  169),  to  be  one  of 
the  most  important  functions  of  the  liver.  So,  again,  the  saccharine 
mattei'S  which  are  brought  to  the  Liver  in  the  condition  of  grape-sugar  or 
of  cane-sugar,  are  converted  by  its  agency  into  liver-sugar;  a  form  of  the 
saccharine  principle,  of  whose  presence  the  blood  is  much  more  tolerant 
than  it  is  of  any  other  (§  45).  From  the  saccharine  compounds  brought 
to  the  Liver,  moreover,  it  appears  that  Fatty  matter  can  be  generated 
(§  40) ;  but  as  the  introduction  of  this  substance  into  the  blood-vessels 
ordinarily  takes  place  through,  a  different  channel,  the  action  of  the  liver 
would  not  appear  to  be  essential  to  its  assimilation,  and  it  has  been 
found  by  M.  Bernard  that  oil  may  be  injected  into  the  general  circu- 
lation without  exciting  any  violent  effort  at  its  elimination.  —  There 
is  evidence  tliat  the  Liver  may  l)e  subservient  even  to  the  vital  trans- 
formation of  the  components  of  the  blood.  For  it  has  been  observed  by 
Prof.  E.  H.  Weber,  tliat,  during  the  last  three  days  of  incubation  of  the 
chick,  the  liver  is  made  bright-yellow  by  the  absorption  of  the  joW, 
Aviiich  fills  and  clog's  all  the  minute  branches  of  the  jDortal  veins ;  and  that 
in  time  the  materials  of  the  yollc  disappear,  part  being  developed  into 
blood-corpuscles  and  other  constituents  of  blood,  w^hich  enters  the  circu- 
lation, and  the  I'est  forming  bile,  and  being  discharged  into  the  intestine.* 
And  it  is  asserted  by  M.  Bernai'd  that  the  quantity  of  fibrin  is  rela- 
tively so  much  greater  in  the  blood  of  the  hepatic  vein,  than  in  the 
portal  blood,  that  the  metamorphosis  of  albumen  into  fibrin  must  be 
admitted  to  be  one  of  the  functions  of  the  liver  ;t — upon  this  point, 
however,  he  is  by  no  means  in  accordance  with  other  observers. 

473.  The  "whole  Absorbent  system  may  be  looked  upon  as  constituting 
one  great  Assimilating  Gland,  dispersed  through  the  body  at  large;  for 
it  does  not  differ  in  any  essential  particular  from  what  the  Kidney  or 
the  Testis  would  be,  if  it  were  simply  unravelled,  and  its  convoluted 
tubuli  spread  through  the  entire  system,  yet  still  all  discharging  their 
secreted  products  by  a  common  outlet.  In  the  cold-blooded  Vertebrata, 
we  find  the  extent  of  its  tubuli  enormously  increased  by  the  plexuses 
which  they  form  around  the  veins;  so  that  the  Absorbent  system  a2Jpears 
to  attain  a  relatively  greater  development  in  them,  than  it  does  in 
the  higher  classes.  But  the  difference  really  lies  in  the  greater  diffusion, 
in  the  former,  of  the  elements  which  are  more  concentrated  in  the  latter. 
In  Birds,  the  plexuses  are  smaller,  and  we  meet  in  them  with  the  '  glands 
or  '  ganglia,'  of  which  the  Absorbent  system  of  Reptiles  and  Fishes  is 
completely  destitute.  And  in  Mammals,  the  plexuses  almost  entirely  dis- 
appear, and  their  place  is  occupied  by  the  'glands'  which  are  foimd  ui 
the  course  both  of  the  lacteal  and  lymphatic  Absorbents.  These  bodies, 
wlierever  they  occur,  have  the  same  essential  structure;  and  may  be 
described  as  consisting  of  convoluted  knots  of  absorbent  vessels,  their 

*  "  Henle  and  Pfeufer's  Zeitsclirift,"  1846. 

+  See  on  the  whole  of  this  subject,  M.  CI.  Bernard's  Lectures  on  the  '  Functions  of 
the  Liver,'  delivered  before  the  College  de  France,  and  published  in  "  L'Union  Medicale 
for  1850. 
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simple  cylindrical  canals,  however,  being  usually  dilated  into  larger  cavities 
or  'cells'  that  freely  communicate  with  each  other;  and  capillary  vessels 
being  minutely  distributed  among  them.  These  blood-vessels  have  no 
direct  communication  with  the  interior  of  the  absorbents  and  the  cavities 
of  the  glandule^,  being  separated  from  them  by  the  membranous  walls  of 
both  sets  of  tubes  ;  but  there  can  be  no  doubt,  that  transudation  readily 
takes  place  from  one  set  of  canals  to  the  other.  The  epithelium,  which 
lines  the  absorbent  vessel,  undergoes  a  marked  change  where  the  vessel 
enters  the  gland;  and,  according  to  Prof.  Goodsir,*  becomes  more  like  that 
of  the  proper  glandular  follicles  in  its  character.  Instead  of  bemg  llat 
and  scale-like,  and  forming  a  single  layer  in  close  apposition  with  the 


Fig.  101. 


Fig.  102. 


Diagram  of  a  Lymphatic  gland,  showing 
the  intra-glandular  network,  and  the  tran- 
sition from  the  scale-like  epithelia  of  the 
extra-glandular  lymphatics,  to  the  nucle- 
ated cells  of  the  intra-glandular. 


Portion  of  intra-glandular  Lymphatic 
showing  along  the  lower  edge  the  thick- 
ness of  the  germinal  membrane,  and  upon 
it,  the  thick  layer  of  glandular  epithelial 
cells. 


basement-membrane,  as  it  does  in  the  absorbents  previous  to  their 
entrance  into  the  gland  and  after  their  emergence  from  it  (Fig.  101), 
we  find  it  composed  of  numerous  layers  of  spherical  nucleated  cells, 
(Fig,  102),  of  which  the  superficial  ones  are  easily  detached,  and  appear 
to  be  identical  with  the  cells  found  floating  in  the  Chyle  (§  475). 

474.  Comjiosition  and  proj^erties  of  the  Clvyle.  and  Lymph, — The  chief 
chemical  diflerence  between  these  fluids  consists  in  the  much  smaller  pro- 
portion of  solid  matter  in  the  Lymph,  and  in  the  almost  entire  absence  of 
fat,  which  is  an  important  constituent  of  the  Chyle.  This  is  well  shown 
in  the  following  comparative  analyses,  performed  by  Dr.  G.  0.  Rees,t  of 
the  fluids  obtained  from  the  lacteal  and  lymphatic  vessels  of  a  donkey, 
previously  to  their  entrance  into  the  thoracic  duct;  the  animal  having 
had  a  full  meal  seven  hours  loefore  its  death. 


Water  ...... 

Albuminous  matter  (coagulablo  by  heat) 
Fibrinous  matter  (spontaneous!}'  coagulable)  . 
Animal  extractive  matter,  8olu1)le  in  water  and  alcohol  . 
Animal  extractive  matter,  soluble  in  water  only- 
Fatty  matter  ...... 

Salts; — Alkaline  chloride,  sulphate  and  carbonate,  with 
traces  of  alkaline  phosphate,  oxide  of  iron 


Chyle. 

Lymph. 

90-237 

96-536 

3-5]  6 

1-200 

0-370 

0-120 

0-332 

0-240 

1-233 

1-319 

3-601 

a  trace. 

0-711 

0-585 

100-000 

100-000 

*  "Anatomical  and  Pathological  Observations,"  p.  46. — It  has  recently  been  denied  hv 
Prof.  Bennett,  however,  that  these  cells  are  epithelial,  or  given  off  from  a  basement-membrane 
such  as  that  described  by  Prof.  Goodsir  (§  119)  ;  their  formation  being,  in  Prof.  Bennett's 
opinion,  from  nuclei  developed  freely  in  the  midst  of  the  fluid.  (See  "  Edinb.  Montlily 
Joum,"  March,  l!i52,  p.  2ii4). 

t  "Medical  Gazette,"  Jan.  1,  1841. 
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The  Lympli  obtained  from  the  neck  of  a  horse  has  been  analysed  by 
Nasse,  with  neai'ly  the  same  result.  He  found  it  to  contain  95  per  cent 
of  water ;  and  the  5  per  cent  of  solid  matter  was  chiefly  composed  of  albu- 
men and  fibrin,  with  watery  extractive,  scarcely  a  trace  of  fat  being  dis- 
coverable. The  proportions  of  saline  matter  were  found  to  be  remai'kably 
coincident  with  those  which  exist  in  the  serum  of  the  blood ;  as  might  he 
expected  from  the  fact,  that  the  fluid  portion  of  the  lymph  must  have  its 
origin  in  that  which  has  transuded  through  the  blood-vessels :  the  absolute 
quantity,  however,  is  rather  less.  A  similar  analysis  of  the  Chyle  of  a  cat 
by  Nasse,  has  given  results  very  closely  correspondent  with  that  of  Dr. 
Rees;  for  the  proportion  of  water  was  90-5  per  cent;  and  of  the  9'0  parts 
of  solid  matter,  the  albumen,  fibrin,  and  extractive  amounted  to  more 
than  5,  and  the  fat  to  more  than  3  parts.* — Dr.  Eees  has  also  analysed 
the  fluid  of  the  Thoracic  duct  of  Man;t  and  found  it  to  consist  of  90*48 
per  cent  of  water,  7'08  parts  of  albumen  and  fibrine,  1"08  parts  of  aqueous 
and  alcoholic  extractive,  and  0-92  of  fatty  matter,  with  0-44  per  cent  of 
salines.  Thus  the  composition  of  this  fluid  would  seem  to  resemble  that 
of  the  Lymph,  rather  than  that  of  the  Chyle;  the  proportion  of  the  fatty 
to  that  of  the  albuminous  matter  being  very  small.  This,  however,  might 
have  been  very  probably  due  to  the  circumstance,  that  the  subject  from 
which  the  fluid  was  obtained  (an  executed  criminal)  had  eaten  but  little 
for  some  hours  before  his  death. 

475.  The  characters  of  the  Chyle  drawn  from  the  larger  absorbent 
trunks,  near  their  entrance  into  the  receptaculum  ehyli,  ai-e  very  different 
from  those  of  the  fluid  .as  first  absorbed  into  the  Lacteals;  for  during  its 
passage  through  these  vessels,  and  their  ganglia  or  glands,  it  undergoes 
important  alterations,  which  gi'adually  assimilate  it  to  Blood.  The  chyle 
drawn  from  the  lacteals  that  traverse  the  intestinal  walls,  contains  Albu- 
men in  a  state  of  complete  solution ;  but  it  is  generally  destitute  of  the 
power  of  coagulation,  no  Fibrine  being  present  in  it.  The  Salts,  also,  are 
completely  dissolved ;  but  the  Oily  matter  presents  itself,  in  the  form  of 
globules  of  variable  size.ij:  It  is  generally  supposed,  that  the  milky  colom- 
of  the  chyle  is  owing  to  these;  but  Mr.  Gulliver  has  pointed  out§  that  it 
is  really  due  to  an  immense  multitude  of  far  more  minute  particles,  which 
he  describes  as  forming  the  molecular  base  of  the  chyle.  These  molecules 
ai'e  most  abundant  in  rich,  milky,  opaque^chyle;  and  in  poorer  chyle, 
which  is  semi-transparent  or  opaline,  the  particles  float  thinly  or  sepa- 
rately in  the  transparent  fluid,  and  often  exhibit  the  vivid  motions  common 
to  the  most  minute  molecules  of  various  substances.  Such  is  then*  mi- 
nuteness, that,  even  with  the  best  instruments,  it  is  impossible  to  form  au 
exact  appreciation  either  of  their  form  or  their  dimensions.  They  seem, 
however,  to  be  generally  spherical ;  and  their  diameter  may  be  estimated 
at  between  l-36,000th  and  l-24,000th  of  an  inch.  Their  chemical  nature 
is  as  yet  uncertain :  they  are  remarkable  for  their  unchangeableness,  when 

*  Wagner's  "  Handworterbucli,"  Art.  '  Chylus.' 
+  "Philosophical  Transactions,"  1842. 

X  These  oily  globules  are  more  abundant  in  the  Chyle  of  Man  and  of  the  Carnivora,  than 
in  that  of  the  Herbivora;  their  diameter  has  been  observed  to  vary  from  l-25,000tii  o 
l-2000lh  of  an  inch. 

«  "Dublin  Medical  Press,"  Jan.  1,  1810,  and  "  Gorber's  General  Anatomy,"  Appendix, 
p.  88. 
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abjectcd  to  the  action  of  numerous  re-agents  which  quickly  affect  the 
roper  Chyle-corpuscles  j  and  they  are  readily  soluble  in  ether,  the  addi- 
lon  of  which  causes  the  whole  molecular  base  instantly  to  disaj^pear,  not 
particle  of  it  remaining ;  whence  it  may  be  inferred  that  they  consist  of 
ily  or  fatty  matter.    That  they  do  not  ordinarily  tend  to  coalesce,  is  pro- 
•ably  due  to  the  coating  of  albumen  which  they  obtain  through  their 
iffusion  in  an  albuminous  fluid  (§  42,  note) ;  if,  however,  this  be  dis- 
•olved  by  acetic  acid,  or  even  by  the  addition  of  water,  many  of  the 
.-Qolecules  ai'e  lost  sight  of,  and  oil-drops  appear  in  their  place.  The 
lilky  colour,  which  the  serum  of  blood  sometimes  exhibits  in  healthy 
ubjects,  is  due  to  an  admixture  of  this  molecular  base  with  the  circulating 
:.uid  (§  41). 

47 6.  Dm-ing  the  passage  of  the  Chyle  through  the  absorbents  on  the 
iitestinal  edge  of  the  Mesentery,  towards  the  Mesenteric  Glands,  its  cha- 
racter changes  in  several  important  particulars.  The  presence  of  Fibrin 
.egins  to  manifest  itself,  by  the  slight  coagulability  of  the  fluid  when 
dthdi-awn  from  the  vessels;  and  while  this  ingredient  increases,  the 
i-lbumen  and  the  Oil-globules  gradually  diminish  in  amount.  The  Chyle 
rawn  from  the  neighbom-hood  of  the  mesenteric  glands  exhibits  the 
ioi*puscles  regcxrded  as  characteristic  of  that  fluid;  these  are  peculiarly 

•  buudant  in  the  fluid  drawn  from  the  glands  themselves ;  and  they  are 
:  instantly  found  in  it,  through  its  whole  subsequent  coui'se.  The  Chyle- 
rDrpuscles  are  much  larger  than  the  molecules  just  described,  and  an 
Asamination  of  their  character  presents  no  difficulty.  Their  diameter 
iai-ies  fi-om  1-7 11 0th  to  1-2 600th  of  an  inch:  the  average  being  about 
l-4600th.  They  are  usually  minutely  granulated  on  the  surface,  seldom  ex- 
libiting  distinct  nuclei,  even  when  treated  with  acetic  acid;  but  sometimes 
Mree  or  four  central  particles  may  be  distinguished  within  them.  They 
rnrespond  in  all  essential  particulars  with  the.  Colourless  Corpuscles  of 

ne  Blood  (§  145),  but  appear  to  be  in  an  earlier  stage  of  formation.  

I'm-ing  the  passage  of  the  Chyle  through  the  mesenteric  glands,  a  further 
•icrease  in  the  proportion  of  Fibrin  takes  place ;  and  the  resemblance  of 

le  fluid  to  Blood  becomes  more  apparent.    The  Chyle  drawn  from  the 
'  issels  intermediate  between  these  and  the  central  duct,  possesses  a  pale 
iddish-yellow  colom-;  and,  when  allowed  to  stand  for  a  time,  undero-oes 

•  regular  coagulation,  _  separating  into  clot  and  serum.  The  former  is  a 
onsistent  gelatinous  mass,  which,  when  examined  with  the  microscope, 
■  found  to  include  the  Chyle-corpuscles,  each  of  them  being  surrounded 
y  a  delicate  film  of  oil :  the  Fibrin  of  which  it  is  jn-incipally  composed 
Offers  remarkably  from  that  of  the  blood,  in  its  inferior  tendency  to 
Mtrefaction;  whence  it  may  be  inferred  that  it  has  not  yet  undero-one 

3  complete  vitalisation.  The  serum  contains  the  Albumen  and  Salts  in 
^  'hitiou,  and  a  proportion  of  the  Chyle-corpuscles  suspended  in  it.  It  is 
irious,  however,  that  considerable  differences  in  the  perfection  of  the 
'agulation,  and  in  its  duration,  should  present  themselves  in  different 
l)oriments.  Sometimes  the  chyle  sets  into  a  jelly-like  mass,  which 
'hout  any  separation  into  coagulum  and  serum,  liquefies  again  at  the 
"I  of  half  an  hour,  and  remains  in  this  state.  This  change  takes  place 
the  true  coagulum  also,  if  it  be  kept  moist  for  a  sufficient  leno-th'  of 
lie.— The  Chyle  from  the  Receptaculum  and  Thoracic  Duct  coaotdates 
"ckly,  often  almost  instantaneously;  and  few  or  none  of  the  corpuscles 
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remain  in  the  serum.  The  fluid  drawn  fi-om  the  Thoracic  Duct,  and 
from  the  Absorbent  vessels  which  empty  their  contents  into  it,  is  fre- 
quently observed  to  present  a  decided  red  tinge,  which  increases  on 
exposure  to  the  air.  This  tinge  appears  to  he  due  to  the  presence  of  Red 
blood-corpuscles  in  an  early  stage  of  formation  (§  150).  The  ordinary 
corpuscles,  moreover,  have  a  more  distinctly  cellular  charactei',  than  have 
those  of  the  chyle  and  lymph;  and  they  are  of  larger  size,  their  diameter 
usually  ranging  from  about  1-2  6 00th  to  1-2 9 00th  of  an  inch,  hi 
these  pai'ticulars,  they  correspond  with  the  Colourless  corpuscles  of  the 
Blood;  as  also  in  the  change  they  exhibit  on  the  action  of  acetic  acid, 
which  brings  into  view  three  or  foiu-  large  central  pai'ticles. — The  follow- 
ing table,  slightly  modified  from  that  of  Gei'ber,*  presents,  in  a  concise 
form,  a  view  of  the  relative  proportions  of  the  three  chief  ingredients 
in  the  Chyle,  in  different  pai'ts  of  the  absorbent  system,  and  thus  gives 
an  idea  of  its  advance  in  the  process  of  assimilation. 

In  the  afferent  or  peripheral  f  Fat,  in  maximum  quantity  (numerous  fat  or  oil-globules). 

Lacteals  (from  the  Intes-  \  Albumen  in  medium  quantity. 

tines  to   the  Mesenteric  )  Few  or  no  Chyle-corpuscles. 

glands).  ^  Fibrin  almost  entirely  wanting. 

In  the  efferent  or  central  /  Fat,  in  medium  quantity  (fewer  oil  globules). 

Lacteals  (from  the  Mcsen-  S  Albumen  in  maximum  quantity. 

teric  glands  to  the  Thoracic  )  Chyle-corpuscles  very  numerous,  but  imperfectly  developed. 
Duct.)  \  Fibrin  in  medium  quiantity. 

!Fat,  in  minimum  quantity  (fewer  or  no  oil  globules). 
Albumen  in  medium  quantity. 
Chyle-corpuscles  numerous,  and  more  distinctly  cellular. 
Fibrin  in  maximum  quantity. 

477.  The  aspect  of  the  Lymph  greatly  differs  from  that  of  the  Chyle,  the 
former  being  nearly  transparent,  while  the  latter  is  opaque  or  opalescent ; 
and  this  difference  is  readily  accounted  for,  when  the  assistance  of  the 
microscope  is  sought,  by  the  entire  absence  from  the  Lymph  of  that 
'molecular  base'  which  is  so  abundant  in  the  Chyle.  A  considerable 
number  of  corpuscles  are  generally  present  in  it;  and  these,  like  the 
chyle-corpuscles,  correspond  in  all  respects  with  the  colourless  coi-puscles 
of  the  Blood  (§  145).  Their  amount,  however,  is  extremely  variable; 
as  is  also  that  of  the  oil-globules,  which  sometimes  occur,  whilst  in 
other  instances  none  can  be  discovered.  Lymph  .coagulates  like  chyle; 
a  colourless  clot  being  formed,  which  incloses  the  greater  part  of  the 
eorj)uscles. 

478.  The  fluid  di-awn  from  the  Thoracic  Duct,  consisting  as  it  does  of 
an  admixture  of  Chyle  and  Lymph,  wiU  probably  vary  in  its  character 
and  composition,  according  to  the  predominance  of  the  former,  or  of  the 
latter,  of  these  constituents. — From  some  observations  made  by  Biddei-+ 
on  the  quantity  of  fluid  discharged  from  the  thoracic  ducts  of  dogs 
and  cats  immediately  after  death,  it  is  inferred  by  him  that  the  total 
amoimt  of  mingled  lymph  and  chyle  which  is  daily  poured  into  the 
circulating  cm-rent,  is  equal  in  bulk  to  at  least  two-thirds  the  entire 
mass  of  the  blood;  though  it  fiuniishes,  bulk  for  bidk,  not  more  tlian 
from  one-fourth  to  one-third  the  quantity  of  solid  matter  which  the 
blood  contains.     It  is  difficult  to  suppose,  however,  that  so  lai'ge  a 

•  "General  Anatomy,"  edited  by  Gulliver,  p.  94.  t  "  MUUer's  Archiv.,"  I!i45. 
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I  antity  really  enters  the  circulating  current  through  this  channel,  in 
i  dition  to  that  wiiich  is  takcn-up  by  the  veins;  and  it  is  obvious  that 
3re  are  many  circumstances  which  prevent  the  results  of  such  ob- 
•vations  from  being  fairly  assumed  as  furnishing  an  average  for  the 
tire  da}^ 

:479.-  The  movement  of  the  fluids  taken-up  by  the  Absorbent  vessels 
.;ms  to  depend  upon  a  combination  of  diiferent  agencies.    The  lower 
I  !i-tebrata  ai"e  provided  with  '  lymphatic  hearts,'  or  pulsatile  cavities,  by 
idch  important  assistance  is  given  in  the  onward  flow ;  but  no  such  aid 
laffbrded  in  Man  or  in  the  Mammalia ;  yet  it  is  obvious  that  a  consi- 
rable  vis  a  tergo  must  exist,  since,  if  the  thoracic  duct  be  tied,  it  is 
3edily  distended  below  the  ligatiu-e,  even  to  biu-sting.    The  Absorbent 
s-ssels,  like  the  veins,  have  a  fibrous  coat,  into  which  the  muscular  fibre- 
ills  enter  largely,  and  which  is  therefore  contractile  j  and  it  has  been 
;.md  by  Prof.  Kolliker,  that  when  the  wire  of  an  electro-magnetic 
paratus  was  applied  to  some  well-filled  lymphatics  on  the  skin  of  a  boy's 
ot,  soon  after  the  removal  of  his  leg  by  amputation,  the  stimulus  occa- 
h'ued  a  diminution  in  their  diameter  hj  at  least  one-half,  and  this  not 
lidenly,  but  in  the  com'se  of  between  half  a  minute  and  a  minute.*  The 
ime  excellent  observer  has  observed  that  the  lymphatic  vessels  in  the  tail 
a  a  Tadpole  em^Dty  themselves  by  contraction  after  death,  and  then  dilate 
lain  to  their  former  size,  just  as  the  smaller  arteries  do  under  the  like 
e"cmnstances;t  and  this  fact  is  in  accordance  with  the  emptiness  of  the 
»sorbent  system,  which  usually  presents  itself  in  Man  some  little  time 
ser  death.    Hence  it  seems  probable  that  regular  propulsion  of  the 
dd  dm'ing  life  may  be  efiected  by  alternate  contractions  and  dilatations 
asuccessive  portions  of  the  vessels,  slowly  repeated  at  intervals.;}: — There 
,3,  however,  certain  auxiliary  forces.    For,  in  the  first  place,  a  j)art  of 
3  movement  may  be  attributed  to  the  vis  a  tergo,  which  is  jDroduced  by 
3  continual  introduction  of  fresh  fluid  into  the- rootlets,  so  to  speak, 
tithe  vascular  tree;  and  this  more  especially  in  the  case  of  the  lacteals, 
>ce  the  muscularity  of  the  villi  seems  to  enable  them  to  act  as  so  many 
mute  force-pumps,  whereby  the  fluid  which  they  have  imbibed  may  be 
>pelled  onwards  (§  460),    It  may  be  thought  that,  from  the  extreme 
^tensibihty  of  the  walls  of  the  absorbents,  this  force  would  be  rather 
©ended  in  dilating  them,  than  in  pushing-on  the  current  of  liquid 
i*ich  they  contain ;  but  it  must  be  borne  in  mind  that  they  are  for  the 
898t  part  closely  smTounded  with  tissues  which  exert  a  certain  degree  of 
»S8m-e  upon  them,  and  that  this  is  much  greater  during  life  than  after 
tjith.    Further,  in  all  the  moveable  parts  of  the  body,  assistance  is 
liibtless  afforded  (as  it  is  to  the  circulation  in  the  Veins,  chap.  ix. 
tjt.  4)  by  the  occasional  pressure  exercised  upon  the  Absorbents  by  the 
nrounding  tissues;  for  while  this  pressure  is  operating,  it  will  tend  to 

'  "Kolliker  and  Siebold's  Zeitsclirift,"  1849. 

*  "Annales  des  Sciences  Naturelles,"  1040,  Zool.,  torn.  vi.  p.  99. 

A  regular  rhythmical  movement  of  the  veins  of  the  Bat's  wing,  obviously  dependent 
n  their  independent  contractility,  has  lately  been  observed  by  Mr.  Wharton  Jones 
rproceedings  of  the  Royal  Society,"  Feb.  5,  1862),  The  existence  of  such  a  movement  in 
?  Veins  of  a  part,  as  an  auxiliary  propulsive  force,  obviously  strengthens  the  probability  of 
occurrence  in  the  Lymphatics,  as  the  principal  propelling  power,  where  no  central  impulsive 
•in  exists;  just  as  a  like  movement  is  seen  in  the  blood-vessels  of  such  of  the  lower 
fertebrata  as  have  no  lieart. 
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empty  them  of  their  contents,  which  are  only  permitted  by  their  valves 
to  pass  in  one  direction ;  and  when  the  pressui'e  is  relaxed,  they  will  be 
refilled  from  behind. 

480.  It  seems  obvious,  from  what  has  been  stated,  that  we  are  to 
regard  the  entire  Absorbent  system  as  a  great  blood-making  gland  (§  473), 
designed  to  exert  a  certain  power  of  conversion  or  vitalization  over  the 
matters  which  enter  it,  either  from  the  alimentary  canal  or  from  the 
body  in  general. — In  the  case  of  the  Lacteal  portion  of  the  system,  there 
seems  to  be  a  strong  indication  that  one  part  of  the  converting  process 
consists  in  the  intimate  admixture  which  the  albuminous  constituent  of 
the  chyle  undergoes  with  its  fatty  constituent,  owing  to  the  subdivision 
of  the  lattei',  and  its  difFiision  tlu'ough  an  albuminous  fluid.  And  the 
effects  of  this  admixtm-e  are  peculiarly  shown  by  the  tenacity  with  which 
fat  is  incorporated  with  albumen  and  fibrin  (§  20,  25),  so  that  it  is  dif- 
ficult to  sejDarate  them ;  this  incorporation,  it  seems  probable,  having  a 
peculiar  reference  to  the  very  first  process  of  cytogenesis,  in  which  mole- 
cules of  fatty  matter  seem  always  to  be  present  in  close  collocation  with 
albuminous  particles  (§  42).  As  already  pointed  out,  the  'plasticity'  of  the 
different  albuminous  compounds  holds  such  a  direct  relation  to  the  quan- 
tity of  fat  they  contain  (within  certain  limits),  that  we  can  scarcely  help 
looking  at  this  incorporation  as  one  of  the  most  important  parts  of  the 
assimilating  process.  And  thus  it  seems  to  be,  that  the  presence  of  fatty 
matters  in  the  food  is  essential  to  healthy  nutrition  (§  404,  in.);  for  no 
production  of  fat  by  the  agency  of  the  liver  can  bring  the  raw  albumen 
into  the  same  intimate  relationship  with  the  minutely-divided  fatty  mole- 
cules. What  other  changes  the  fluid  of  the  lacteals  may  undergo,  in  addi- 
tion to  the  production  of  fibrin  and  of  corpuscles  which  has  been  already 
noticed,  and  what  is  the  special  purpose  of  the  elaboration  to  which  the 
fluid  of  the  Lymphatics  is  subjected,  cannot  as  yet  be  distinctly  stated. 
Probably,  however,  the  changes  in  question  are  less  of  a  chemical  than  of 
a  vital  uatm-e,  and  ai'e  such  as  serve  to  prepare  the  fluid  for  maintaining 
the  vital  activity  of  the  several  parts  of  the  organism  to  which  it  is  to  be 
distributed. 

481.  Ductless  Glands. — Thei'e  is  reason  to  believe  that  a  similar  office 
is  performed  by  certain  bodies  connected  with  the  Circulating  system, 
which  possess  the  essential  elements  of  the  Glandular  structm-e,  without 
any  efferent  ducts;  these  must  restore  to  the  circulating  cuiTcnt  any 
substances  which  they  may  withdraw  fi-om  it ;  and  there  seems  adequate 
ground,  therefore,  for  the  conclusion,  that  then-  action,  whatever  it  may 
be,  is  subsidiary  to  the  completion  of  the  process  of  Sanguification, — being 
exercised,  perhaps,  upon  that  portion  of  the  nutrient  materials  more 
especially,  which  did  not  traverse  the  Absorbent  system  when  first  intro- 
duced, but  which  was  directly  taken-up  by  the  blood-vessels.  The 
organs  in  question,  which  have  received  the  distinctive  aj)pellatiou  ot 
Vascula?'  or  Ductless  Glands,  are  the  Spleen,  the  Thymus,  Thyroid,  and 
Supra-renal  bodies.  Of  these,  the  Spleen  deserves  especial  notice,  on 
account  of  its  size  and  obvious  functional  importance  in  the  adidt ;  the 
others  appear  to  minister  more  pai'ticulai-ly  to  the  requirements  of  the 
system  at  the  earlier  periods  of  life. 

482.  The  minute  structm-e  of  the  Spleen  has  recently  been  made  the 
subject  of  careful  research  by  many  excellent  Microscopic  observei"s;  ani 
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ore  especially  Prof.  Kiilliker*  and  by  Dr.  Sanders  t.  Tlie  following 
a  siiunnary  of  the  most  important  points  which  they  may  be  considered 
have  determined. 

1 1.  The  fibrous  coat  in  Man  is  composed  of  white  fibrous  tissue,  with 
intermixture  of  yellow  or  elastic  fibres;   in  many  of  the  lower 
imale,  however,  it  contains  non-striated  muscular  fibres  composed  of 
-oiform  fibre-cells. 

;  n.  The  trabecular  tissue  consists  of  fibrous  bands,  and  threads  which 
Hse  from  the  inner  surface  of  the  fibrous  envelope,  and  form  a  network 
rat  extends  through  the  entire  organ,  becoming  connected  also  with 
3  fibrous  sheaths  of  the  vessels  which  penetrate  it.    These  bands  are 
i  rtly  muscular  in  the  animals  which  have  muscular  fibres  in  the  external 
\  velope  of  the  spleen ;  but  elsewhere  they  are  simply  fibrous.    The  spaces 
t't  by  their  intersection,  which  are  by  no  means  regular  either  as  to  form 
size,  are  occupied  by  the  splenic  corpuscles  and  splenic  parenchyma, 
the  trabeculjB  of  the  human  spleen.  Prof.  K.  has  discovered  some 
ciihar  fiisiform  cells  with  round  nuclei,  which  are  probably  to  be  con- 
lered  as  contractile  cells  not  developed  into  theii*  properly  charac- 
■..-istic  form  (§  305). 

iiii.  The  peculiar  AS^/e?iic  Corpuscles,  sometimes  termed  the  'Malpighian 
irpuscles'  of  the  Spleen,  are  whitish  spherical  bodies,  which  are  imbed- 
Id  in  the  splenic  pai'enchyma,  but  are  connected  with  the  smaller  arteries 
short  peduncles,  like  gTapes  with  their  frait-stalks,  or  are  sessile  upon 
;eir  sheaths.    Owing  to  the  rapid  changes  which  they  undergo  after 
uath,  and  the  influence  of  previous  disease  and  abstinence,  they  are  sel- 
Hn  seen  in  the  Human  subject,  but  are  best  seen  in  the  perfectly  fresh 
eleens  of  the  Ruminantiaj  there  is  no  doubt,  however,  of  their  invariable 
csence  in  the  healthy  human  subject,  although  this  has  been  denied  by 
imy  anatomists.    The  size  of  these  corpuscles,  when  fully  developed, 
ides  from  aboiit  l-3d  to  l-6th  of  a  line ;  smaller  bodies,  however,  are 
t't  with,  which  appear  to  be  Malpighian  corpuscles  in  an  earlier  stage  of 
■  )lution.    Each  of  them  consists  of  a  delicate  fibrous  envelope,  derived 
um  the  sheath  of  the  artery  to  which  it  is  attached,  and  frequently  siir- 
mnded  by  capillaries  of  extreme  minuteness.    It  contains,  as  its  cou- 
nt and  essential  elements,  nucleated  cells  of  from  l-6000th  to  l-4000th 
I  an  mch  in  diameter,  pale  and  faintly  granular,  together  with  free  nuclei 
"  proportion  of  which  to  that  of  the  fully-formed  cells  is  extremely 
laljle),  and  a  few  of  larger  size,  and  more  distinctly  gTanular  before  the 
litiou  of  reagents,  from  l-3500th  to  l-3000th  of  an  inch  in  diameter, 
ides  these  and  other  varieties  of  cells  contained  in  the  Malpighian  cor- 
'  les.  Dr.  Sanders  describes  a  peculiar  set  of  spherical  cells,  of  a  bright 
icn  colour,  visually  from  1-1 2 00th  to  l-l 500th  of  an  inch  in  size,  each 
.  ing  a  single  nucleus ;  which  cells  form  a  regular  layer  beneath  the 
'sule.    Among  these  are  seen  other  cells  of  1-1 000th  of  an  inch  or 
l  e  in  diameter,  containing  two  or  three  nuclei ;  and  yellow  globules  of 
diameters  from  1 -4000th  to  1-1 2 000th  of  an  inch,  which  are  probably 
!cr  free  nuclei  or  young  cells  of  this  class.    Between  the  corpuscular 
tents  of  the  Malpighian  corpuscles,  there  intervenes  a  homogeneous 

"  Cyclopaedia  of  Anatomy  and  Physiology,"  Art.  '  Spleen     and  "  MikroskopiscLo 

lomie,"  band  ii.  %  183-1  f!a. 

"Annals  of  Anatomy  and  Physiology,"  No.  1. 


462 


OF  ABSORPTION  AND  SANGUIFICATION. 


or  slightly  granular  plasma. — The  remai'kahle  discovery  has  recently  been 
made  by  Dr.  Sanders,  that  the  interior  of  the  Malpighian  corpuscles  is 
travei'sed  (like  that  of  the  Peyerian  vesicles,  §  45  G),  by  arterial  twigs  of 
considerable  size;  which  may  be  demonstrated  by  boiling  the  tissue  in 
acidulated  water,  drying  it,  and  then  cutting  thin  sections.* — Many 
observers  have  afi&rmed  that  there  is  some  special  connection  between  the 
Malpighian  corpuscles  and  the  Lymphatics  of  the  spleen ;  but  it  may  be 
considered  as  quite  determined  by  the  concurrence  of  the  most  recent 
observations  on  this  point,  that  no  such  communication  exists. 

IV.  The  true  Splenic  Parenchyma  consists  in  great  part  of  cells,  which 
correspond  in  apj^earance  with  those  of  the  Malpighian  corpuscles,  and 
which  are,  like  them,  imbedded  in  a  nearly  homogeneous  plasma;  but 
two  other  kinds  of  cells  occm-  in  it,  which  are  seldom  met  with  in  the 
latter ;  and  numerous  free  nuclei  are  also  present.  Of  these  two  kinds  of 
cells,  one  set  is  smaller,  and  the  other  larger,  than  the  average  of  the 
parenchymatous  cells ;  the  former  bear  a  strong  resemblance  to  red  blood- 
corpuscles,  but  are  of  a  paler  colom- ;  the  latter  ai-e  partly  pale  cells,  of 
1-1 700th  of  an  inch  in  diameter,  witli  one  or  two  nuclei,  or  granule-cells 
of  from  l-3000th  to  l-2000th  of  an  inch  of  a  line,  which  may  be  described 
as  "  colourless  granide-cells." — These  elements  of  the  pidp,  like  the  con- 
tents of  the  Malpighian  corpuscles,  vary  gi-eatly  in  their  pro^jortions  to 
each  other ;  from  which  it  may  be  concluded  that  they  are  in  a  state  of 
continual  development  and  degeneration.  They  do  not  lie  collected  in 
large  heaps,  but  form  small  in-egular  groups  of  different  sizes,  which  are 
clustered  esjiecially  on  the  sheatlis  of  the  vessels,  the  trabecular  partitions, 
and  the  membranes  of  the  Malpighian  corpuscles ;  they  are  not  themselves 
included,  however,  in  special  envelopes. — Besides  the  usual  corpuscles  and 
granules  of  the  pai'enchyma,  it  contains  dispersed  throiigh  it,  in  very 
inconstant  amount,  some  remai'kable  colom'ed  particles,  varying  from  the 
size  of  small  granules  to  that  of  blood-corpuscles,  and  often  aggi'egated 
in  masses  of  1-lOOOtli  of  an  inch  in  diameter,  having  a  chstinct  envelope 
which  sometimes  contains  as  many  as  twenty  corpuscles.  These  are  pro- 
bably, as  asserted  by  Kblliker,  blood-corpiiscles  in  vai'ious  stages  of 
degeneration;  but  they  are  by  no  means  peculiar  to  the  sj)leen,  for  they 
present  themselves  in  many  other  situations  where  extravasations  of  blood 
occasionally  occur ;  and,  as  remarked  by  Dr.  Sanders,  "  from  all  the  cir- 
cumstances connected  with  them,  they  would  appeal-  to  be  the  product, 
not  of  organic  processes,  but  of  physical  alteration  in  stagnant  blood,  and 
are  only  more  abundant  in  the  spleen,  because  more  blood  is  retained 
after  death  in  its  pulp,  than  in  the  substance  of  other  organs." 

V.  Of  the  Splenic  Arteries,  it  is  chiefly  to  be  observed  that  theu-  branches 
form  no  anastomoses,  but  that  they  subdivide  and  ramify  like  the  branches 
of  a  tree,  with  the  Malpighian  corpuscles  attached  to  them  as  ft'uit. 
Beyond  their  connection  with  these,  however,  they  enter  into  the  red 
spleen-substance ;  and  here  each  twig  siibdivides  into  a  tuft  of  arteries 
still  more  minute,  which  again  subdivide  into  the  true  capillai-ies  that 
constitute  a  close  and  beautiful  network  in  the  splenic  pulp. — Of  the 
Veins,  it  is  positively  affirmed  by  Prof.  Kolliker,  that  the  idea  long  enter- 
tained as  to  their  dilatation  into  cavernous  spaces  or  sinuses  is  incorrect, 

*  See  "  Edinburgh  Monthly  Journal,"  March,  1!J52,  p.  286. 
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SO  far  as  the  Human  spleen  is  concerned ;  and  that  there  is  nothing  pecu- 
liar in  their  distribution,  save  in  their  mode  of  ramification,  which  closely 
resembles  that  of  the  arteries,  and  in  the  absence  of  valves.  In  the  spleen 
of  the  Ox,  however,  and  of  other  Ruminants,  a  true  cavernous  structure 
does  exist. 

VI.  The  Lymphatics  of  the  Spleen  are  few  and  inconsiderable  in  Man ; 
being  less  numerous  than  in  other  glandular  organs,  such  as  the  liver  and 
kidneys.  In  some  of  the  lower  animals  they  are  more  abundant;  but 
even  here  they  are  mostly  superficial,  and  scarcely  penetrate  to  the  interior 
of  the  orgun. 

viL  The  Nerves  of  the  Spleen  are  apparently  very  large  in  some  animals, 
especially  in  the  Ruminants;  but  the  gTeat  size  of  their  tmnks  and 
branches  is  chiefly  due  to  the  large  proportion  of  ordinary  fibrous  tissue 
which  enters  them;  the  number  of  real  nerve-fibres  being  extremely 
small. 

483.  The  history  of  the  development  of  the  Spleen,  which  has  been 
recently  studied  with  great  care  by  Mr.  H.  Gray,*  presents  facts  of  great 
interest,  as  aiding  in  the  determination  of  the  functional  character  of 
this  organ,  and  of  the  nature  of  its  component  parts. — It  arises  in  the 
Chick  between  the  4th  and  5th  days  of  incubation,  in  a  fold  of  mem- 
brane which  connects  the  intestinal  canal  to  the  spine  (the  '  intestinal 
lamina'),  as  a  small  whitish  mass  of  blastema,  perfectly  distinct  from 
both  the  stomach  and  the  pancreas;  from  the  former  of  which  it  has 
been  said  by  Bischoff",  and  from  the  latter  by  Arnold,  to  take  its  origin. 
The  external  capsule  and  the  trabecular  tissue  are  developed  between  the 
8th  and  9th  days ;  the  former  as  a  thin  membrane  composed  of  nucleated 
fibres,  the  latter  consisting  of  similar  fibres  which  intersect  the  organ  at 
first  sparingly,  and  afterwards  in  greater  quantity.    The  blood-vessels  of 
this  organ  are  formed  within  itself,  independently  of  those  which  are 
exterior  to  it ;  and  blood-corpuscles  are  also  observed  to  originate  in  the 
substance  of  its  blastema,  their  formation  continuing  until  its  connection 
with  the  general  vascular  system  is  completed,  at  which  period  their 
development  appears  to  cease. — The  pulp-tissue  at  an  early  period  of  its 
formation,  closely  corresponds  with  that  of  the  supra-renal  and  thyroid 
bodies  in  their  earliest  stages  of  evolution ;  consisting  of  nuclei,  nucleated 
vesicles,  and  a  fine  granular  plasma.     When  the  splenic  vessels  are 
formed,  many  of  these  nuclei  are  surrounded  by  a  quantity  of  fine  dark 
granules,  arranged  in  a  ch'cular  form ;  and  these  increase  up  to  the  time 
when  the  splenic  vein  is  formed,  when  nearly  the  whole  mass  is  composed 
of  nucleated  vesicles,  the  nuclei  of  which  gradually  break  up  into  a  mas^ 
of  gi-anules  which  fill  the  cavities  of  the  vesicles.    The  Malpighiau 
vesicles  are  developed  in  the  pulp,  by  tlie  aggregation  of  nuclei  into 
circular  masses,  around  which  a  fine  membrane  soon  appears,  in  a 
manner  precisely  similar  to  those  of  the  supra-renal  (§  485)  and  thy- 
roid bodies. 

484.  The  Bupra-Renal  bodies  in  Man  and  most  Mammalia,  present,  like 
the  kidneys,  a  division  into  cortical  and  medullary  substances;  the  former 
having  a  lighter  hue  than  the  latter. — The  cortical  substance  is  princi- 
pally formed  of  closed  vesicles,  which  are  arranged  in  linear  series  (so  as 

"  "Proceedings  of  the  Royal  Society,"  Jan.  15,  1852. 
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to  pi'Gsent  the  appearance  of  radiating  tubes),  and  which  are  united  by 
eusheathing  coats  derived  from  processes  of  the  fibrous  envelope.  Accord- 
ing to  Ecker,*  who  is  confirmed  on  this  point  by  Frey,t  these  vesicles 
always  remain  distinct;  but  Mr.  Gray  appears  to  think  that  there  is 
sometimes  an  absolute  coalescence  between  them  (§  485).    The  diameter 
of  the  vesicles  varies  from  about  l-1500th  to  l-800th  of  an  inch;  and 
some  of  them  have  a  length  of  from  l--650th  to  l-480th  of  an  inch.  The 
contents  of  these  vesicles  are  (1)  a  finely-granular  plasma  rich  in  albumen, 
(2)  nuclear  corpuscles,  usually  from  l-3000th  to  l-4000th  of  an  inch  in 
diameter,  (3)  cells  of  from  1-2 000th  to  1-1 350th  of  an  inch  in  diameter, 
whose  membrane  seems  to  be  formed  by  a  sort  of  precipitation  of  the 
granules  upon  the  nuclei,  and  (4)  fatty  particles  of  various  sizeSj  the 
proportion  of  which  varies.    Besides  the  fully-formed  vesicles,  the  paren- 
chyma also  contains  numerous  isolated  cells,  which  have  been  thought 
to  be  vesicles  in  an  earlier  stage  of  development,  but  which  would  ap- 
pear, from  the  observations  of  Mr.  Gray  (§  485)  to  be  rather  cells  as 
yet  unenclosed  in  vesicles. — The  Medullary  substance,  when  thin  slices  of 
it  are  examined,  is  found  to  be  considerably  more  transparent  than  the 
cortical ;  this  being  due  to  the  absence  of  fat-particles  from  its  substance. 
It  does  not  contain  any  glandulai'  vesicles;  but  consists  entirely  of  a 
basis  of  fibrous  tissue,  whicla  is  formed  by  processes  that  come  off  from 
the  sheath  of  the  cortical  substance,  and  which  contains  numerous  blood- 
vessels and  nerves.    The  interspaces  of  this  tissue,  however,  are  occupied 
by  a  granular  plasma,  in  which  are  nuclei  and  cells  in  vai'ious  stages  of 
development. — The  cortical  substance  has  a  much  larger  supply  of  blood 
than  the  medullary ;  for  each  of  the  gland-vesicles  is  suiTounded  by  a 
network  of  arterial  capillaries  with  long  meshes,  derived  from  primitive 
branches  of  the  supra-renal  arteries ;  whilst  other  branches  pass  at  once 
towards  the  medullary  substance,  and  there  break  up  into  twigs,  which 
return  by  devious  paths  into  the  cortical  mass,  there  to  end  in  a  capillaiy 
network.    This  superiority  in  vascularity  evidently  has  reference  to  the 
greater  functional  activity  of  the  cortical  substance.    The  supra-renal 
capsules  are  by  no  means  copiously  supplied  with  Lymphatics ;  indeed  it 
is  doubful  whether  these  vessels  penetrate  their  interior.    The  nerves  of 
these  organs  (which  are  all  der-ived  from  the  plexuses  of  the  Sympathetic 
system)  are  particularly  numerous;  no  such  supply  being  possessed  by 
any  similai'  organs.  | 

485.  The  development  of  the  Supra-Renal  bodies  also  has  been  studied 
by  Mr.  Gray  (loc.  cit.).  He  states  that  they  ai'ise  on  the  7th  day  of  incu- 
bation as  two  separate  masses  of  blastema,  situated  between  the  iipper 
end  of  the  Wolffian  bodies  and  the  sides  of  the  aorta,  being  totally  inde- 
pendent (as  concerns  their  development)  of  those  bodies  or  of  each  other. 
At  this  period,  their  minute  structm-e  bears  a  close  resemblance  to  that 


*  "Annales  des  Sciences  Naturelles,"  Aug.  1847. 

+  "  Cyclopaedia  of  Anatomy  and  Physiology,"  Art.  '  Supra-renal  Capsules.'  ,  f 

X  It  is  a  curious  observation,  which  has  been  recently  made  by  M.  Brown-Sequard,_tnac 
injuries  to  the  Spinal  Cord  in  the  dorsal  region,  occasion  congestion  and  (after  a  tmie; 
hypertrophy  of  the  supra-renal  capsules  ("Gazette  Medicale,"  Fevr.  1,  l»o2).  It  is  no 
objection  to  the  idea  that  this  change  is  dependent  upon  nervous  agencjs  that  no  spnia 
nerves  proceed  to  these  organs;  since  we  know  that  a  large  number  of  spinal  hbics  entc 
the  parts  of  the  Sympathetic  system  whence  they  receive  their  supply. 
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of  the  spleen,  consisting  of  the  same  elements  as  that  gland,  excepting  in 
the  existence  of  more  numerous  dark  granules,  which  gi-ve  to  the  organ 
at  a  later  period  an  opake  and  darkly  granular  texture.  The  gland- 
tissue  of  the  organ,  in  the  form  of  large  vesicles,  makes  its  appearance  on 
the  8th  day;  and  is  evolved  in  the  same  manner  as  that  of  the  spleen, 
namely,  by  an  aggregation  of  nuclei  into  circular  masses,  around  which 
a  limitaiy  membrane  ultimately  forms.  These  are  at  first  uniformly 
grouped  together,  without  any  subdivision  into  cortical  and  medullary 
portions;  but  on  the  14th  day,  the  first  trace  of  this  subdivision  becomes 
manifest,  by  the  aggregation  of  the  vesicles  into  masses  which  radiate  from 
the  circumference  towards  the  centre  of  the  gland;  complete  tubes  being 
sometimes  formed  by  the  junction  of  the  vesicles,  as  indicated  by  the 
hemispherical  bulgings  on  their  walls.  At  a  later  period,  the  organs 
increase  in  size,  and  attain  their  usual  position;  and  a  more  complete 
subdivision  into  cortical  and  medullary  portions  is  observed. — The  earlier 
appearance  of  the  vesicular  structure  of  these  bodies,  as  compared  with 
that  of  the  Malpighian  bodies  of  the  spleen,  is  a  fact  of  much  interest, 
when  considered  with  reference  to  the  period  of  gxeatest  functional 
activity  in  the  two  organs  respectively.  For  the  Supra-Renal  bodies 
attain  a  very  large  size  in  foetal  life,  surpassing  the  Kidneys  in  dimension 
up  to  the  tenth  or  twelfth  week  of  Human  embryonic  development; 
though  they  afterwards  diminish  so  much,  relatively  to  the  Kidneys,  as 
to  possess  in  the  adult  condition  only  1-2  8th  part  of  their  bulk. 

486.  The  elementary  structure  of  the  Thymus  Gland  may  be  best  under- 
stood from  the  simple  form  it  presents,  when  it  is  first  capable  of  being 
distinguished  in  the  embryo.  It  then  consists  of  a  single  tube,  closed  at 
hoth  ends,  and  filled  with  granular  matter ;  and  its  subsequent  develop- 
ment consists  in  the  lateral  growth  of  branching  ofF-shoots  from  this  central 
tubular  axis.  In  its  matm'e  state,  therefore,  it  consists  of  an  assemblage 
of  glandular  follicles,  which  are  surrounded  by  a  plexus  of  blood-vessels ; 
and  these  follicles  all  communicate  with  the  central  reservoir,  from  which, 
however,  there  is  no  outlet.  The  cavities  of  the  follicles  contain  a  fluid, 
in  which  a  number  of  corpuscles  are  found,  giving  it  a  granular  appear- 
atice.  These  corpuscles,  the  diameter  of  which  varies  from  1-5 750th  to 
l-2o50th  of  an  inch,  usually  averaging  between  l-4000th  and  l-5000th, 
are  for  the  most  part  in  the  condition  oi  nuclei;  but  fully-developed  cells 
are  found  among  them,  at  the  period  when  the  function  of  this  body  seems 
most  active.  The  chemical  nature  of  its  contents,  at  this  period,  closely 
resembles  that  of  the  ordinary  protein-compounds. — The  Vascular  supply 
of  this  organ,  during  the  period  of  its  functional  activity,  is  extremely 
abundant;  and  the  capillary  network  into  which  the  arterial  branches 
subdivide,  closely  siuTounds  the  exterior  of  the  foUicles,  and  is  so  exceed- 
ingly dense  that  its  meshes  are  of  less  diameter  than  the  vessels  themselves. 
The  Lymphatics  are  large,  and  communicate  directly  with  the  Vena  Cava  • 
but  their  immediate  connection  with  the  cavity  of  the  Thymus  body  has 
not  yet  been  demonstrated.  It  has  been  commonly  stated,  that  the 
Tliymus  attains  its  greatest  development,  in  relation  to  the  rest  of  the 
body,  during  the  latter  part  of  fa3tal  life ;  and  it  has  been  considered  as 
an  organ  peculiarly  connected  with  the  embryonic  condition.  But  this 
IS  a  rnistake ;  for  the  gi-eatest  activity  in  the  growth  of  this  organ  mani- 
fests itself,  in  the  Human  infant,  soon  after  birth;  and  it  is  then,  too, 

H  n 


4G6 


OF  ABSORPTION  AND  SANGUIFICATION, 


that  its  functional  energy  seems  the  greatest.  This  rapid  state  of  growth, 
however,  soon  snbsides  into  one  of  less  activity,  which  merely  serves  to 
keep  np  its  proportion ,  to  the  rest  of  the  body ;  and  its  increase  usually 
ceases  altogether  at  the  age  of  about  two  years.  From  that  time,  during 
a  variable  number  of  years,  it  remains  stationary  in  point  of  size ;  but,  if 
the  individual  be  adequately  nourished,  it  gradually  assumes  the  character 
of  a  mass  of  fat,  by  the  development  of  the  corpuscles  of  its  interior  into 
fat-cells,  which  secrete  adipose  matter  from  the  blood.  This  change  in 
its  function  is  most  remarkable  in  hybernating  Mammals;  in  which  the 
development  of  the  organ  continues,  even  in  an  increasing  ratio,  until  the 
animal  reaches  adult  age,  when  it  includes  a  large  quantity  of  fatty  matter. 
The  same  is  the  case,  generally  speaking,  among  Reptiles.* 

487.  The  Thyroid  body  accords  rather  with  the  Supra-renal  capsules, 
than  with  the  Thymus,  in  its  elementary  structure;  for  it  consists  of  a 
number  of  isolated  vesicles,  which  do  not  communicate  with  any  common 
reservoir.  These  vary  in  diameter,  in  the  Hviman  subject,  from  1-2 000th 
to  l-85tli  of  an  inch;  and  they  contain  an  albuminoid  plasma,t  which  is 
either  faintly  granular,  or  of  a  somewhat  oily  aspect,  amidst  which  ai-e 
seen  a  number  of  corpuscles,  of  an  average  diameter  of  l-3000th  of  an 
inch,  of  which  the  gi'eater  part  are  in  the  condition  of  nuclei,  whilst  some 
have  advanced  to  that  of  cells.  These  corpuscles  seem  rather  to  occupy 
the  position  of  an  epithelium  within  the  vesicles,  than  to  float  fi-eely  in 
their  contained  fluid. — The  vascular  supply  of  the  Thyroid  body  is  ex- 
tremely abundant;  and,  as  in  the  preceding  instances,  the  subdivisions  of 
its  arteries  form  a  very  minute  capillary  plexus  upon  the  membrane  of 
the  vesicles.  The  Lymphatics  have  not  been  traced  far  into  its  substance. 
— The  development  of  the  Thyroid  body  has  been  shown  by  Mr.  Gray 
(loc.  cit.)  to  be  closely  accordant  with  that  of  the  '  ductless  glands'  already 
described.  This  body  originates  in  two  sepai'ate  masses  of  blastema,  one 
at  each  side  of  the  root  of  the  neck,  close  to  the  sepai'ation  of  the  carotid 
and  subclavian  vessels,  and  between  the  trachea  and  the  branchial  clefts, 
but  quite  independent,  as  far  as  regai-ds  their  development,  of  either  of 
those  parts.  Their  minute  structure  at  an  early  period  closely  corresponds 
with  that  of  the  spleen  and  supra-renal  glands;  and  the  formation  of 
their  vesicles  takes  place  after  precisely  the  same  plan.  This  body,  like 
the  Supra-renal  and  Thymus,  is  of  lai'ger  relative  magnitude  dm-ing  intra- 
uterine existence  and  infancy,  than  in  after-life. 

488.  That  the  Ductless  Glands,  of  whose  peculiar  stracture  and  rela- 
tions we  have  thus  taken  a  general  survey,  have  some  ofiice  of  importance 
to  perform  in  the  preparation  and  maintenance  of  the  Blood,  cannot  any 
longer  be  reasonably  questioned ;  and  the  determination  of  this  point  may 
be  fairly  regai'ded  as  a  considerable  step  in  the  investigation.  It  is  ob- 
vious, from  the  very  copious  supply  of  blood  which  they  receive  dm-iug 
the  period  of  their  functional  vigoui-,  and  fi-om  the  manner  in  which  this 
is  distributed  by  minute  capillary  plexuses,  on  the  exterior,  and  even 
through  the  interior,  of  the  glandular  vesicles,  that  it  must  be  subservient 

*  See  Mr.  Simon's  admirable  "  Physiological  Essay  on  the  Thymus  Gland,"  from  which 
the  foregoing  summary  has  been  derived. 

+  That  the  fluid  does  noi  contain  true  Albumen  in  solution,  but  some  albuminous  com- 
pounds, is  indicated  by  the  results  of  Mr.  Beale's  analysis  ("  Cyclop,  of  Anat.  and  Physiol, 
vol.  iv.  p.  1106.) 
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to  some  process  of  active  change ;  and  the  aspect  of  the  contents  of  these 
vesicles,  as  well  as  of  the  substance  in  which  they  are  imbedded,  indicates 
that  cell- growth  is  rapidly  proceeding,  at  the  experlse  of  the  materials  thus 
attbrded.  But,  on  the  other  hand,  that  the  products  of  this  cell-growth 
are  not  substances  which,  like  those  of  the  ordinary  glands,  must  be  sepa- 
rated from  the  Blood,  either  for  its  purification,  or  to  serve  some  special 
purpose  in  the  economy,  appears  from  the  fact  that  they  are  not  carried 
off  by  ducts,  but  are  received  again  into  the  current  of  the  circulation. 
This  woidd  be  equally  true  in  the  end,  were  these  products  discharged  (as 
formerly  supposed)  by  the  Lymphatics;  but  such  an  idea  is  inconsistent  with 
our  present  knowledge  of  the  distribution  of  these  vessels ;  and  it  may  be 
considered  next  to  certain  that  the  matters,  whatever  their  natm-e  may 
be,  which  have  been  elaborated  by  these  glandular  organs,  are  received 
again  through  the  capillaries  into  the  Venous  system.  With  the  excep- 
tion of  the  Spleen,  all  the  ductless  glands  thus  discharge  their  products  at 
once  into  the  general  venous  circulation;  so  that,  after  having  passed 
through  the  lungs,  they  will  be  carried  by  the  systemic  arteries  through 
the  system  at  lai'ge :  but  the  splenic  vein,  it  will  be  remembered,  forms 
one  of  the  roots  of  the  portal  trunk;  and  its  blood  must  thus  pass 
through  the  liver,  before  it  enters  the  vena  cava.  For  this  exception,  a 
reason  may  possibly  be  found  in  one  of  the  offices  which  has  been 
attributed  to  the  Spleen. 

489.  Whatever  materials,  then,  are  withdi'awn  from  the  Blood  by 
these  org-ans,  are  retm'ned  to  it  again  in  an  altered  state ;  and  that  the 
change  which  they  have  undergone  is  one  that  prepares  them  for  higher 
uses  in  the  economy,  may  fairly  be  inferred  from  this  circumstance.  For 
as  the  blood  which  has  received  them  is  immediately  transmitted  to  the 
system  (except  in  the  case  of  the  splenic  blood)  without  having  passed 
through  any  other  depurating  organ  than*  the  lungs,  it  appears  fair  to 
conclude  that  the  products  which  it  has  taken-up  in  these  organs  are 
either  combustive  or  nuti-itive,  i.  e.,  either  serve  to  maintain  the  functional 
activity  of  the  lungs,  or  of  the  system,  or  of  the  blood  itself  Now  that 
they  ai-e  not  destined  to  prepare  a  pabulum  for  respiration,  appears  from 
the  very  small  quantity  of  fat  which  is  found  in  their  substance,  except 
when  their  period  of  functional  activity  has  gone  by.  On  the  other 
hand,  the  albuminous  nature  of  the  plasma,  and  the  finely-granular 
appearance  which  it  presents,  strongly  indicate  that  a  material  is  here  in 
progi-ess  of  preparation,  which  is  to  be  rendered  subservient  to  the  forma- 
tive operations.  Various  facts  which  have  been  noticed  in  regard  to  the 
changes  in  the  bulk  of  the  Thymus  in  young  animals  (and  particularly  its 
rapid  diminution  in  over-driven  lambs,  and  its  subsequent  gradual  re-dis- 
tension during  rest  if  plentiful  nutriment  be  afibrded),  lead  to  the  conclu- 
sion that  such  is  almost  undoubtedly  the  function  of  that  body ;  and  the 
close  resemblance  w^hich  it  bears  to  the  rest  in  every  essential  particular 
seems  to  justify  our  extension  of  this  inference  to  them. — But  further  it 
does  not  seem  at  all  unreasonable  to  suppose  that  these  organs  may' be 
concerned,  equally  with  the  Absorbent  glands,  in  supplying  the  o-erms  of 
those  cells  which  are  ultimately  to  become  Blood-corpuscles.  Such  it  is 
well  known,  was  the  doctrine  of  Hewson*  in  regard  to  the  Spleen  and 

*  See  his  Third  Series  of  "  Experimental  Inquiries,"  Chaps,  iii.-v. 
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Thymus  gland;  and  there  are  many  facts  which  lend  it  a  considerable 
probability.  In  the  first  place,  that  there  is  no  physical  impossibility  in 
the  reception  of  particles  of  such  a  size  into  the  interior  of  a  closed 
system  of  capillaries,  is  proved  by  the  very  curious  facts  ah'eady  noticed 
in  regard  to  the  passage  of  starch-grains  into  the  mesenteric  veins  (§  465). 
Secondly,  many  observers  have  noticed  an  unusual  proportion  of  colomdess 
corpuscles  in  the  blood  of  the  splenic  vein.*  Thirdly,  the  pei'iod  of 
greatest  functional  activity  of  all  these  glands  is  dm-ing  the  state  of  eai'ly 
childhood,  when  the  formative  processes  are  going  on  with  extraordinary 
activity ;  and  there  is  at  this  time  a  larger  proportion  of  colourless  cor- 
puscles in  the  blood,  than  at  any  subsequent  period,  at  least  in  the  healthy 
state.  Fm-ther,  as  Prof  J.  H.  Bennett  has  pointed  out,  the  peculiar  con- 
dition of  the  blood,  which  consists  in  the  multiplication  of  its  colom-less 
corpuscles  (§  1 75),  is  almost  always  associated  with  hypertrophy  of  one  of 
these  bodies;  and  in  one  case  of  this  kind,  in  which  the  thyroid  was  the 
organ  affected,  its  cells  and  their  included  nuclei  were  observed  to  be  con- 
siderably smaller  than  usiial,  and  the  same  peculiarity  presented  itself  in 
the  coloxu'less  corpuscles  of  the  blood. t  Hence  there  seems  a  strong 
probability,  that  whilst  the  plasma  of  the  blood  is  being  elaborated  by 
these  bodies,  a  constant  supply  of  new  blood-corpuscles  is  also  afforded  by 
them.  I 

490.  The  peculiar  position  of  the  Spleen,  in  reference  to  the  Portal 
circulation,  however,  seems  to  mark  it  out  as  having  some  special  function 
of  a  supplemental  character.  Two  out  of  the  many  theories  of  its 
action  which  have  been  advanced,  deserve  particular  notice  in  connection 
with  this  point.  Many  experimenters  have  come  to  the  conclusion,  that, 
whatever  may  be  the  other  purposes  answered  by  the  Spleen,  it  serves  as 
a  diverticuluvi  to  the  Portal  circulation,  so  as  to  relieve  its  vessels  fi'oni 
undue  tiu-gescence,  in  virtue  of  the  readiness  with  which  it  is  distended  with 
blood;  and  this  under  a  great  variety  of  circumstances.  As  the  portal 
system  is  destitute  of  valves,  the  sijlenic  vein  has  free  communication 
with  the  whole  of  it;  so  that  the  Spleen  will  serve  as  a  receptacle  for 
the  veuous  blood,  when  the  secreting  action  of  the  Liver  is  feeble,  so 
that  the  portal  circulation  receives  a  partial  check.  That  any  cause  of 
obstruction  to  the  hepatic  circulation  peculiarly  affects  the  Spleen,  has 
been  proved  by  experiment ;  for  after  the  Vena  Portse  has  been  tied,  the 
spleen  of  an  animal,  which  previously  weighed  only  2  oz.,  has  been  found 
to  weigh  a  pound  and  a  quarter,  or  ten  times  as  much.  Further,  it  is 
evident  that  turgescence  of  the  portal  system  is  liable  to  occui-,  when  the 
alimentary  canal  is  distended  with  food ;  and  this  from  two  causes, — the 
pressure  on  the  intestinal  veins,  and  the  quantity  of  fluid  absorbed  by 
these  veins.  Hence  it  may  be  conceived,  that  the  Spleen,  by  affording  a 
reservoir  into  which  the  superfluous  blood  may  be  directed,  serves  an 

*  For  one  of  the  most  recent  and  satisfactory  testimonies  to  this  fact,  see  Funke  m 
"  Henle's  Zeitschrift,"  1851,  p.  172. 

+  This  fact  is  the  more  weighty,  as,  in  another  case  observed  by  Prof.  Bennett,  the 
colourless  corpuscles  of  the  blood  were  of  two  distinct  sizes,  the  smaller  corresponding  with 
the  nuclei  of  the  larger  ones ;  and  the  lymphatic  glands  were  found  to  be  crowded  with 
corpuscles  also  of  two  distinct  sizes,  exactly  corresponding  with  tliose  of  the  blood.  (See 
"  Edinb.  Monthly  Journal,"  October,  1 85 1 . ) 

X  This  view  has  been  ably  supported  by  Prof.  J.H.  Bennett  in  "  Edinb.  Monthly  Journ.," 
March,  1852. 
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important  purpose  in  ^preventing  congestion  of  other  organs.    From  the- 
obseiTations  of  Mr.  Dobson,'"'  it  appeal's  that  the  Spleen  has  its  maximum 
vohime  at  the  time  when  the  process  of  chymification  is  at  an  end, — 
namely,  about  five  hours  after  food  is  taken  j  and  that  it  is  small  and 
contains  little  blood  seven  hours  later,  when  no  food  has  been  taken  in 
the  interval.    Hence  he  inferred  that  this  organ  is  the  receptacle  for  the 
increased  quantity  of  blood,  which  the  system  acquires  from  the  food, 
and  which  cannot,  without  danger,  be  admitted  into  the  blood-vessels 
generally;  and  that  it  regains  its  previous  dimensions,  after  the  volume 
of  the  cu'culating  fluid  has  been  reduced  by  secretion.    This  Tiew  is  con- 
firmed by  the  fact  noticed  by  several  observers, — that  the  Spleen  rapidly 
increases  in  bulk  after  the  ingestion  of  a  large  quantity  of  fluid,  which  is 
absorbed  rather  by  the  Veins  than  by  the  Lacteals.    It  has  been  further 
stated  in  support  of  this  theory,  that  animals  from  which  the  Spleen  has 
been  removed,  are  very  liable  to  die  of  apoplexy,  if  they  take  a  large 
quantity  of  food  at  a  time ;  but  that,  if  they  eat  moderately  and  fre- 
quently, they  do  not  sufler  in  this  manner. — Now  this  doctrine  derives 
its  chief  supjDort  from  experiments  on  Ruminating  and  other  Herbivorous 
animals,  whose  food  is  very  bulky,  and  who  ingest  a  large  quantity  of  it 
at  a  time  ;  and  it  is  in  them  that  the  organ  is  most  distensible,  and  that 
the  splenic  vein  is  best  adapted,  by  the  peculiar  disposition  of  its  coats, 
for  the  reception  of  a  very  large  amount  of  blood.  The  cellated  structure 
which  forms  a  large  part  of  the  spleen  in  these  tribes,  is  almost  wanting 
in  Manj  and  the  fibrous  envelope  of  his  spleen,  with  its  trabecular  par- 
titions, has  very  little  either  of  elasticity  or  contractility.  Nevertheless, 
there  is  evidence  that  an  extraordinary  accumulation  of  blood  may  take 
place  in  this  organ  even  in  him,  from  any  cause  which  obstructs  the  pas- 
sage of  blood  through  the  liver,  or  which  impedes  its  return  to  the  heart 
(as  in  Asphyxia,  §  574),  or  which  occasions  a  general  internal  venous 
congestion,  such  as  occurs  in  the  cold  stage  of  intermittent  fever.  The 
peculiar  liability  of  the  Spleen  to  be  distended  with  blood  in  this  last  con- 
dition, is  shown  by  its  permanent  enlargement  in  those  who  have  been 
long  the  subjects  of  such  complaints. — Thus  it  appears  that  the  Spleen 
may  sers^e,  independently  of  its  primary  function,  as  a  sort  of  safety-valve 
to  the  portal  circulation ;  and  that  its  structure  is  most  j)articularly 
adapted  for  such  a  piu-pose  in  those  tribes  of  animals,  which,  from  their 
habits  of  feeding,  may  be  considered  most  specially  to  need  an  organiza- 
tion of  this  kind. 

491.  It  is  further  maintained  by  Prof  Kolliker,  that  one  function,  at 
least,  of  the  Spleen,  is  to  dissolve  the  efiete  Red  Corpuscles  of  the  blood, 
and  to  prepare  their  Hsematine  for  becoming  the  coloiuing  matter  of  the 
Bile.  This  view  is  grounded  upon  the  existence  of  the  pecidiar  aggrega- 
tions of  cells  resembling  red  corpuscles  in  a  state  of  disintegration,  of 
which  mention  has  already  been  made  (§  482,  iv.) ;  and  it  seems  to  derive 
confirmation  from  the  results  of  Bcclard's  analyses  of  the  blood  of  the 
Splenic  vein,  which  show  a  marked  deficiency  in  the  amount  of  red  cor- 
puscles, and  an  excess  of  the  albuminous  constituent,  as  compared  with 
the  blood  of  other  parts  (§  1G8).  It  must  be  remembered,  however,  that 
such  aggregations  are  by  no  means  peculiar  to  the  Spleen,  but  have  been 

"  "  Loiulon  Med.  and  Pliys.  Journ.,"  Oct.,  1H'20. 
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found  in  the  substance  of  Muscles,  Glands,  and  other  organs ;  and 
although  the  peculiar  conditions  of  the  cu'culation  in  the  Spleen  may 
tend  to  produce  them  in  unusual  numbers,  their  formation  can  scarcely 
be  regarded  as  one  of  the  essential  functions  of  the  organ.* 


CHAPTEE  IX. 

OF  THE  CIRCULATION   OF  THE  BLOOD. 

1. — Of  the  Circulation  in  General. 

492.  The  Circulation  of  nutritive  fluid  through  the  body  has  for  its 
object,  on  the  one  pai-t,  to  convey  to  every  portion  of  the  organism  the 
materials  for  its  growth  and  renovation,  together  with  the  supply  of 
Oxygen  which  is  requisite  for  its  vital  actions,  especially  those  of  the 
Nervo-Muscular  appai'atus;  and  at  the  same  time  to  carry  off  the  par- 
ticles which  are  set  free  by  the  disintegration  or  'waste'  of  the  tissues,  and 
which  are  to  be  removed  from  the  body  by  the  Excreting  processes.  Of 
these  processes,  the  one  most  constantly  in  operation,  as  well  as  most 
necessaiy  for  the  maintenance  of  the  pm-ity  of  the  blood,  is  the  extrica- 
tion of  Cai'bonic  acid,  through  the  Respiratory  organs ;  and  this  is  made 
subservient  to  the  introduction  of  Oxygen  into  the  system.  In  Man,  as 
in  other  Vertebrated  animals,  there  is  a  regular  and  continuous  movement 
of  the  nutritive  fluid  through  the  sanguiferous  vessels;  and  xipon  the 
maintenance  of  this,  the  activity  of  all  parts  of  the  organism  is  dependent. 
In  common  with  Birds  and  Mammals,  again,  Man  has  a  Respiratory  cir- 
culation entirely  distinct  from  the  Systemic;  all  the  blood  which  has 
retm-ned  from  the  body  being  transmitted  to  the  limgs,  and  being  brought 
back  to  the  heart  again,  before  it  is  again  sent  forth  for  the  nourishment 
of  the  tissues  and  for  the  maintenance  of  their  functional  activity.  The 
Heart  is  placed  at  the  junction  of  these  two  distinct  circulations,  which 
may  be  likened  to  the  figure  8 ;  and  it  may  be  said  to  be  foraied  by  the 
fusion  of  two  distinct  organs,  a  'pulmonary'  and  a  'systemic'  heart;  for 
its  right  and  left  sides,  which  are  respectively  aj)propriated  to  these  pur- 
poses, have  no  direct  communication  with  each  other  (in  the  perfect  adult 
condition,  at  least),  and  seem  merely  brought  together  for  economy  of 
material,  t  Each  system  has  its  own  set  of  Arteries  or  efferent  vessels, 
and  of  Veins  or  afferent  trunks ;  these  communicate  at  their  central  extre- 
mity by  the  Heart,  and  at  their  peripheral  extremity  by  the  CapilUuy 
vessels,  which  are  nothing  else  than  the  minutest  ramifications  of  the  two 
systems^  inosctdating  into  a  plexus  (§  292). — Besides  the  systemic  and 
pulmonary  circulations,  however,  there  is  another  which  is  no  less  distinct, 
although  it  has  not  an  impelling  organ  of  its  OAvn.  This  is  the  'portal 
circulation,  which  is  interposed  between  the  venous  trunks  of  the  abdo- 

*  See  Prof.  J.  H.  Bennett  in  "  Edinb.  Monthlj'  Journal,"  March,  1852,  p.  21 1. 

+  At  an  early  period  of  foetal  life,  as  in  the  permanent  state  of  the  Dugong,  the  heart  is 
so  deeply  cleft,  from  the  apex  towards  the  base,  as  almost  to  give  tlie  idea  of  two  separate 
organs. 
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minal  viscera  and  the  Veua  Cava,  for  the  pm'pose  of  distributing  that 
blood  through  the  Liver,  in  which  organ  its  newly-absorbed  materials 
undergo  assimilation  (§  472),  whilst  its  excrementitious  matters  are  sepa- 
rated by  the  secreting  process.  The  Vena  Portso,  which  is  formed  by 
the  convergence  of  the  gastric,  intestinal,  splenic,  and  pancreatic  veins, 
subdivides  again  like  an  artery,  so  as  to  form  a  capillary  plexus  which 
extends  through  the  whole  substance  of  the  liver;  and  the  Hepatic 
vein,  collecting  the  blood  from  this  plexus,  conveys  it  into  the  Vena 
Cava.  Thus  the  portal  circulation  is  grafted  (so  to  speak)  upon  the 
general  circulation,  in  precisely  the  same  mode  as  the  resj)iratory  circu- 
lation is  grafted  upon  it  in  MoUusca  and  Crustacea;  and  if  the  'sinus' 
of  the  vena  portse  had  possessed  contractile  muscular  walls,  it  would 
have  ranked  as  the  proper  heart  of  the  portal  system.  The  really 
arterial  character  of  the  Vena  portse  is  well  shown  by  comparing  it  with 
the  Aorta  of  Fishes ;  which  is  formed  by  the  convergence  of  the  branchial 
veins,  and  then  distributes  the  blood  which  it  has  received  from  them  to 
the  body  generally.* 

493.  That  the  movement  of  the  Blood  through  the  arterial  trunks  and 
the  capillary  tubes,  is,  in  Man,  and  in  other  warm-blooded  animals,  chiefly 
dependent  upon  the  action  of  the  Heart,  there  can  be  no  doubt  whatever. 
It  can  be  easily  shown  by  experiment,  that  if  the  arterial  current  be 
checked,  the  capillaries  will  immediately  cease  almost  entirely  to  deliver 
the  blood  into  the  veins,  and  the  venous  circulation  will  be  instantaneoiisly 
arrested.  And  it  has  also  been  proved,  that  the  usual  force  of  the  Heart 
is  sufficient  to  propel  the  blood,  not  only  through  the  arterial  tubes,  but 
through  the  capillaries,  into  the  veins ;  since  even  a  less  force  will  serve 
to  propel  warm  water  through  the  vessels  of  an  animal  recently  dead.t 
But  there  are  certain  "residual  phenomena"  even  in  Man,  which  clearly 
indicate  that  this  is  not  the  whole  truth ;  and  that  forces  existing  in  the 
Blood-vessels  themselves  have  a  considerable  influence,  in  producing  both 
local  and  general  modifications  of  the  effects  of  the  Heart's  action.  There 
are  also  indications  of  the  existence  of  an  influence  in  which  the  blood- 
vessels do  not  partake,  arising  from  those  changes  occurring  between  the 
blood  and  the  tissues,  that  constitute  the  processes  of  Nutrition,  Secre- 
tion, &c.  Such,  for  instance,  would  appear  to  be  the  interpretation  of  the 
fact,  that  whilst  any  variations  in  the  action  of  the  Heart  affect  the  whole 
system  alike,  there  are  many  variations  in  the  Circulation,  which,  being 
vei-y  limited  in  their  extent,  cannot  be  attributed  to  such  central  distm-b- 
ances,  and  must  therefore  be  dependent  on  causes  purely  local. — Of  the 
nature  of  these  influences,  and  of  the  mode  of  their  operation,  the  most 
correct  idea  may  be  obtained  by  examining  the  phenomena  of  the  Circu- 
lation in  those  beings,  in  which  the  moving  power  is  less  concentrated 
than  it  is  in  the  higher  Animals;  for  we  find  that  in  Plants  and  the  lowest 
Animals,  as  in  the  earliest  embryonic  state  of  the  highest,  a  movement  of 
nutritious  fluid  takes  place  through  a  system  of  minute  passages  or  chan- 
nels excavated  in  the  tissues  (representing  a  capillary  plexus),  without 
any  vis  a  tenjo  derived  from  an  impelling  organ.  Ascending  a  little  higher 
in  the  scries,  we  meet  with  a  system  of  vascular  trunks,  distributing  the 

*  For  an  account  of  the  principal  modifications  of  the  Circulating  apparatus  in  the  Animal 
Kingdom,  see  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  pp.  677  -71 0. 
T  See  Dr.  Williams's  "  Principles  of  Medicine,"  '2nd  edit.,  p.  1H5,  nolc. 
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blood  to  these  plexuses,  and  collecting  it  again  from  tliem ;  and  the  walls 
of  these  trunks  are  so  far  endowed  with  contractility,  as  to  assist,  by  a 
sort  of  peristaltic  movement,  in  the  maintenance  of  the  current  througli 
them.  Still  passing  upwards,  we  find  this  contractility  manifesting  itself 
especially  in  some  limited  portion  or  portions  of  the  vascular  system, 
which  execute  regular-  movements  of  contraction  and  dilatation ;  and  this 
tendency  to  concentration  is  obsei-ved  to  increase,  until  the  whole  move- 
ment is  subordinated  to  the  action  of  a  principal  propellirig  organ,  the 
Heart.* — We  shall  now  examine  what  agency  in  the  Human  Circulation 
may  be  attributed  to  the  Heai't,  the  Arteries,  and  the  Veins  respectively; 
and  what  other  forces  may  be  fairly  presumed  to  operate  in  the  Capillary 
circulation. 

2. — Action  of  the  Heart. 

494.  The  Heart  is  endowed  in  an  eminent  degree  with  the  property  of 
irritability ;  by  which  is  meant,  the  capabiUty  of  being  easily  excited  to 
movements  of  contraction  alternating  with  relaxation  (§  315).  Thus,  after 
tlie  Heart  has  been  removed  from  the  body,  and  has  ceased  to  contract,  a 
slight  irritation  will  cause  it  to  execute,  not  one  movement  only,  but  a 
series  of  alternate  contractions  and  dilatations,  gradually  diminishing  in 
vigour  until  they  cease.  The  contraction  begins  in  the  part  irritated,  and 
then  extends  to  the  rest.  It  fippears  from  Mr.  Paget's  experiments,+  that 
it  is  necessary  for  the  propagation  of  this  irritation,  that  the  parts  should 
be  connected  by  muscular  tissue,  of  which  a  very  narrow  isthmus  will 
suffice;  and  that  the  propagation  will  not  take  place,  if  the  connecting 
isthmus  be  composed  of  tendon,  even  though  this  be  a  portion  of  the  am-i- 
culo- ventricular  ring,  which  has  been  supposed  by  some  to  be  peculiarly 
efficacious  in  this  conduction. — That  the  irritability  of  the  Heart  is  not 
deiDendent  upon  the  Cerebro-spinal  system,  appeal's  not  merely  froin  the 
manifestation  of  it  when  the  organ  is  altogether  removed  fr-om  the  body; 
but  also  from  the  fact,  that  if  the  flow  of  blood  through  the  lungs  be  kept 
up  by  ai'tificial  respiration,  the  heart's  action  will  continue  for  a  length- 
ened period,  even  after  the  Brain  and  Spinal  Cord  have  been  removed, 
and  when  animal  life  is,  therefore,  completely  extinct.  Hence  we  see  that 
the  Irritability  of  this  organ  must  be  an  endowment  properly  belonging  to 
itself,  and  not  derived  from  that  portion  of  the  Nervous  System.  J  Like 
the  contractility  of  other  muscles,  it  can  only  be  sustained  for  any  gi'eat 
length  of  time,  by  a  supply  of  Arterial  blood  to  its  own  tissue  (§  323,  324). 
It  is  much  less  speedily  lost  in  cold-blooded  animals,  however,  than  m 
wai-m-blooded;  the  heart  of  the  Frog,  for  example,  will  go  on  pulsating 
for  many  hours  after  its  removal  from  the  body;  and  it  is  stated  by  Dr- 

*  See  the  Author's  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  chap.  xii. 
+  "  Brit,  and  For.  Med.  Review,"  vol.  xxi.  p.  551. 

X  It  was  formerly  supposed,  that  the  movements  of  the  Heart  were  dependent  upon  its 
connection  with  the  centres  of  the  Cerebro-Spinal  nervous  system  :  and  the  experiments  o 
Lcgallois  and  others,  who  found  that  they  were  arrested  by  crushing,  or  otherwise  sudden  y 
destroying,  large  portions  of  these  centres,  appeared  to  favour  the  supposition.    But  it  las 
been  shown  by  Dr.  Wilson  Philip  and  his  successors  in  the  same  inquiry,  that  the  wM  ^ 
Cerebro-Spinal  axis  might  be  gradually  removed,  without  any  such  consequence  ;  ^^'""y 
harmonizes  perfectly  whh  the  "  experiments  prepared  for  us  by  Nature,"  in  the  proriuctio 
of  monsters  destitute  of  these  centres,  which  nevertheless  possessed  a  regularly-pulsa  u  g 
heart. 
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Mitchell  *  that  the  heart  of  a  Sturgeon,  which  he  had  inflated  with  air, 
continued  to  beat,  until  the  auricle  had  absolutely  become  so  dry,  as  to 
rustle  during  its  movements.  It  has  fiu-ther  been  shown  by  Mr.  Tod,  that 
iie  irritability  of  the  heart  is  of  long  duration  after  death  in  very  young 
animals:  which,  as  long  since  demonstrated  by  Dr.  Edwards,  agree  with 
I  he  cold-blooded  Vertebrata  in  their  power  of  sustaining  life,  for  a  length- 
ened period,  without  oX}^gen. 

49o.  It  is  difl&cult  to  account  for  the  long  continuance  of  the  alternate 
L'()nti-actions  and  relaxations  of  the  muscular  parietes  of  the  Heart,  after 
all  evident  stimuli  have  ceased  to  act  upon  it ;  and  many  theories  have 
been  offered  on  the  subject,  none  of  which  alford  an  adequate  explanation. 
The  extraordinary  tendency  to  rhythmical  action,  which  distinguishes  the 
heart  from  nearly  all  other  muscles  (§  318,  note),  is  shown  by  the  fact, 
tlmt  not  only  do  the  entire  hearts  of  cold-blooded  animals  continue  to  act, 
long  after  their  removal  fr'om  the  body,  but  even  separated  portions  of 
tliem  will  contract  and  relax  with  great  regularity  for  a  long  time.  Thus 
the  ain-icles  will  persist  in  their  rhythmical  action,  when  cut  off  above  the 
iiuiiculo-ventricular  rings  j  and  the  apex  of  the  heart  will  do  the  same, 
when  separated  from  the  rest  of  the  ventricle.  The  stimulus  of  the  con- 
tact of  blood  with  the  lining  membrane  of  the  heart,  to  which  its  regular 
actions  have  been  commonly  referred,  can  have  no  influence  in  producing 
such  movements ;  nor  does  it  appear  that  the  contact  of  air  can  take  its 
!  lace ;  since,  as  Dr.  J.  Reid  has  shown,  the  rhythmical  contractions  of  the 
heart  of  a  frog  will  continue  in  vacuo. Nor  is  there  any  evidence  that 
the  flow  of  blood  through  the  cavities  has  the  effect  of  securing  the 
regulaiity  of  their  successive  contractions  in  the  living  bodyj  for  this 
regidaiity  is  equally  marked  in  the  contractions  of  the  excised  heart, 
when  perfectly  emptied  of  blood,  so  long  as  its  movements  continue 
\  igorous.  But  when  its  irritability  is  nearly  exhausted,  the  usual  rhythm 
i^s  often  a  good  deal  distui'bed,  so  that  the  contractions  of  the  auricles  and 
ventricles  do  not  regularly  alternate  with  each  other;  and  one  set  fre 
quently  ceases  before  the  other.  —  The  dif&culty  of  finding  any  other 
satisfactory  solution  of  the  problem,  has  recently  led  many  Physiologists 
to  recur  to  the  idea  that  the  Heart's  action  is  dependent  upon  Nervous 
power ;  this  power  being  supposed  to  be  derived,  however,  not  from  the 
Cerebro-spinal  system,  but  from  the  ganglia  of  the  Sympathetic  system 
which  are  found  in  the  organ  itself.  For  the  proper  estimation  of  the 
evidence  favourable  to  this  view,  it  is  requisite  that  we  should  bring  toge- 
ther the  principal  facts  which  indicate  the  relation  of  the  Heart's  action 
to  Nervous  influence,  from  whatever  source  this  proceeds. 

496.  It  has  been  asserted  by  Valentin  and  other  experimenters,  that 
mechanical  irritation  of  the  Pneumogastric  nerves,  especially  at  their 

*  "American  Journal  of  the  Medical  Sciences,"  vol.  vii.  p.  58;  see  also  Prof.  Dunglison's 
"  Pluman  Physiology,"  7th  edit.,  vol.  ii.  p.  149. 

+  "Cyclopaedia  of  Anatomy  and  Physiology,"  vol.  ii,  p.  611. — This  experiment  has  been 
since  repeated  by  Prof.  Tiedemann  ("  MiiUer's  Archiv.,"  1847)  and  by  Drs.  Mitchell  and 
B:iche  (Prof.  Dunglison's  "  Human  Physiology,"  vol.  ii.  p.  150)  with  a  different  result ;  the 
pulsations  being  speedily  brought  to  a  stand  by  the  exhaustion  of  the  air,  and  being  renewed 
when  it  was  re-admitted.  This,  however,  does  not  invalidate  the  positive  fact  that  the 
IHilsiition  may  continue  in  vacuo,  which  proves  that  the  stimulus  of  air  cannot  be  its  main- 
taniiiig  power;  and  only  shows  that  the  presence  of  oxygen  is  essential  to  the  continuance  of 
the  heart's  movements,  as  to  muscular  action  in  general  (§  324). 
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roots,  has  a  tendency  to  excite  or  accelerate  the  heart's  action ;  numerous 
experimenters,  however,  have  obtained  none  but  negative  results.  Ad- 
mitting, what  seems  probable,  that  the  Cardiac  branches  of  the  Pneumo- 
gastric  have  some  influence  upon  the  Heart's  action,  it  remains  to  inquire 
whether  that  influence  be  essential  to  its  movements ;  and  whether  these 
nerves  form  the  channel  through  which  they  are  affected  by  emotions  of 
the  mind,  or  by  conditions  of  the  bodily  system^.    In  regard  to  the  first 
point,  no  doubt  can  be  entertained ;  since  the  regular  movements  of  the 
heart  are  but  httle  affected  by  section  of  the  Pneumogastrics.  With 
respect  to  the  second,  there  is  more  difficulty ;  since  the  number  of  causes, 
which  may  influence  the  rapidity  and  pu.lsations  of  the  heart,  is  very  con- 
siderable.    For,  example,  when  the  blood  is  forced-on  more  rapidly 
tOAvards  the  heart,  as  in  exercise,  struggling,  &c.,  its  contractions  are 
rendered  more  frequent ;  and  when  the  cui-rent  moves  on  more  slowly, 
as  in  a  state  of  rest,  their  fi-equency  becomes  j)roportionably  diminished. 
If  the  conti'actions  of  the  heart  were  not  thus  in  some  degi-ee  dependent 
upon  the  blood,  and  their  number  were  not  regulated  by  the  quantity 
flowing  into  its  cavities,  very  serious  and  inevitably  fatal  disturbances  of 
the  heart's  action  would  soon  result.    That  this  adjustment  takes  place 
otherwise  than  through  the  medium  of  the  nervous  centres,  is  evident 
from  the  fact,  that,  in  a  dog,  in  which  the  Pneumogastric  and  Sympathetic 
had  been  divided  in  the  neck  on  each  side,  violent  struggling,  induced  by 
alarm,  raised  the  number  of  pulsations  from  130  to  260  per  minute.*  It 
is  difficult  to  ascertain,  by  experiments  upon  the  lower  animals,  whether 
simple  emotion,  unattended  with  struggling  or  other  exertion,  would  affect 
the  pulsation  of  the  heart,  after  section  of  the  Pneumogastrics ;  but  when 
the  large  proportion  of  the  Sympathetic  nerves  proceeding  to  this  organ 
is  considered,  and  when  it  is  also  remembei'ed  that  irritation  of  the  roots 
of  the  upper  cervical  nerves  stimulates  the  action  of  the  heart  through 
these,  we  can  scarcely  doubt  that  both  may  serve  as  the  channels  of  tliis 
influence,  especially  in  such  animals  as  the  dog,  in  which  the  two  freely 
inosculate  in  the  neck. — Although  there  is  a  difficulty  in  proving  that 
the  Heart's  action  can  be  excited  or  accelerated  by  irritation  of  the  Pneu- 
mogastrics, yet  these  nerves  may  serve  as  the  channel  of  an  influence  of 
a  very  opposite  character;  for  the  experiments  of  MM.  Weber  have  shown 
that  its  movements  may  be  immediately  arrested  by  the  transmission  of 
the  electric  current  from  a  rotating  magnet,  either  through  the  Spinal 
Cord,  or  through  the  Pneumo-gastrics  divided  at  their  origin ;  the  same  ii'ri- 
tation,  however,  applied  to  a  single  one  of  the  Vagi,  produced  no  effect.t 
Hence  it  is  obvious  that  the  influence  of  sudden  and  violent  injuiy  to 
the  Cerebro-spinal  centres,  which  induces  an  immediate  diminution  or 
suspension  of  the  Heai-t's  mechanical  movements,  or  even  entirely  anni- 
hilates them,  may  be  conveyed  through  these  trunks,  as  weU  as  through 
the  Sympathetic  system  (§  321). 

497.  In  like  manner  it  may  be  shown  that  the  Heart's  action  may  be 
affected  by  influences  transmitted  thi'ough  the  Sympathetic  system  ot 
nerves.  There  is  considerable  difficulty  in  obtaining  direct  experimental 
evidence  to  this  effect,  of  a  satisfactory  character;  but  there  is  strong 

*  See  Dr.  J.  Reid's  "  Anat.  Phys.  and  Path.  Researches,"  p.  170.  ,  ■■  .  r. 

t  "Archives  d'Anat.  G6ner.,  et  de  Physiol.,"  Jan.,  1846;  and  »  Wagner's  Handwortei- 
buch,"  Art. '  Muskelbewegung.' 
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■asoii  to  believe  that  the  effects  of  shock  may  be  exerted  no  less  directly 
I  hrough  the  Sympathetic  than  thi'ough  the  Cerebro-spinal  system  (§321); 
uid  that  considerable  distm-bance  may  ensue  from  lesions  of  such  parts 
fit  (at  least)  as  are  most  nearly  connected  with  the  heart.    Thus  a  case 
iias  been  put  on  record,  in  which  the  heart's  pvilsations  were  occasionally 
.  iiecked  for  an  interval  of  from  4  to  6  beats,  its  cessation  of  action  giving 
rise  to  the  most  fearful  sensations  of  anxiety,  and  to  acute  pain  passing 
up  to  the  head  fi'om  both  sides  of  the  chest, — ^these  symptoms  being  con- 
nected, as  it  proved  on  a  post-mortem  examination,  with  the  pressure  of 
111  enlarged  bronchial  gland  upon  the  great  cardiac  nerve.*    It  is  not 
less  obvious,  however,  in  regard  to  the  principal  centres  of  the  Sympa- 
thetic system,  than  with  respect  to  those  of  the  Cerebro-spinal,  that  in 
whatever  degTee  the  heart's  action  may  be  influenced  through  them,  it 
cannot  be  dependent  upon  any  power  which  it  derives  from  them,  since  it 
continues  after  the  complete  isolation  of  the  organ.    And  the  very  difii- 
culty  of  obtaining  experimental  evidence  of  this  influence,  notwithstand- 
ing the  extraordinary  irritability  of  the  Heart,  seems  to  show  that  the 
nrdinary  movements  of  the  organ  are  but  little  dependent  upon  nervous 
influence  of  any  kind, — The  only  centres  of  nervous  power,  to  which,  con- 
sistently with  the  foregoing  facts,  the  maintenance  of  the  Heart's  action 
can  be  attributed,  are  the  numerous  ganglia,  forming  part  of  the  Sympa- 
thetic system,  which  are  dispersed  through  its  substance,  but  which  are 
brought  into  connexion  with  each  other  by  communicating  fibres.  These, 
it,  has  been  smTnised,  may  act  as  centres  of  '  reflex'  action;  and  may  thus 
keep  up  the  contractions  of  the  heart,  after  its  complete  withdi'awal  from 
the  influence  of  the  Cerebro-spinal  and  of  the  principal  Sympathetic 
centi'es,  just  as  the  ganglia  contained  in  the  separated  segments  of  the 
Ijody  of  a  Centipede  are  centres  of  movement  to  the  limbs  with  which 
f  hey  remain  in  connection.    But  this  hypothesis  does  not  give  any  real 
-olution  to  the  difficulty;  for  in  every  case  of  true  'reflex'  action,  the  move- 
ment is  excited  by  a  stimulus;  and  no  rhythmical  succession  of  move- 
ments can  be  thus  excited,  save  by  the  successive  recurrence  of  stimuli  at 
regular  intei-vals,  as  in  the  act  of  Respiration.    It  is  the  continuance  of 
activity  after  all  conceivable  sources  of  stimulation  have  been  withdrawn, 
which  constitutes  the  real  perplexity  of  the  case ;  and  if  the  operation  of 
Mich  stimidi  be  admitted  as  the  sources  of  reflex  action,  they  may  with 
equal  propriety  be  regarded  as  directly  acting  upon  the  contractile  fibre, 
—which,  as  already  shown,  is  much  more  amenable  to  such  direct  excita- 
tion, than  it  is  to  nervous  influence,  and  preserves  its  capacity  for  being- 
impressed  by  the  former  during  a  much  longer  period  than  it  remains 
capable  of  responding  to  the  latter. 

498.  A  more  satisfactory  mode  of  accounting  for  the  rhythmical  move- 
ments of  the  Heart,  ajDpears  to  the  Author  to  lie  in  regarding  them  as  an 
'xpression  of  the  peculiar  vital  endowments  of  its  Muscular  tissue ;  and 
to  believe  that,  so  long  as  this  tissue  retains  its  integiity,  and  the  other 
necessary  conditions  are  supplied,  so  long  is  an  alternation  of  contraction 
and  relaxation  the  characteristic  and  constant  manifestation  of  its  vital 

*  "Muller's  Archiv.,"  I)i4l,  heft  iii. ;  and  "Brit,  and  For.  Med.  Rev.,"  Oct.,  184J, 
It  may  be  surmised  tliat  in  many  cases  of  auijina  pciioris,  in  which  no  lesion  adequate  to* 
account  for  death  could  be  discovered,  some  affection  of  the  cardiac  plexus  might  have  been 
tniced  on  more  careful  examination. 
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activity, — -just  as  ciliaiy  movement  is  in  cells  of  one  class,  and  secreting 
action  in  those  of  another  (§  110).  The  fact  that  this  movement  is  seen 
to  commence  in  the  embryo-heart,  when  as  yet  its  parietes  consist  of 
ordinary  cells,  and  no  nervous  structure  exists  either  in  its  own  substance 
or  in  the  body  at  large,  is  an  important  confirmation  of  this  doctrine ; 
whilst  the  same  fact  stands  in  complete  opposition,  to  the  idea,  that 
nervous  force  is  in  any  way  concerned  in  maintaining  this  rhythmical 
action. — But  it  may  be  said  that  in  attributing  to  the  muscular  sti'ucture 
of  the  heart  a  self-moving  power,  we  really  only  throw  back  the  question 
into  the  obscurity  from  which  the  Physiologist  has  soxight  to  draw  it.'"' 
Such  is  far  from  being  the  case,  however,  if  it  can  be  shown  that  this 
self-moving  power  is  nothing  else  than  an  exertion  of  ordinaiy  Musculai- 
Contractility  under  peculiar  conditions  j  and  if  analogous  phenomena  can 
be  shown  to  present  themselves  elsewhere,  t  To  this  point  attention  will 
now  be  directed. 

499.  We  have  seen  that  the  contraction  of  any  Muscle,  upon  the 
application  of  a  stimulus,  must  be  attributed  to  an  exercise  of  Vital 
Force  engendered  by  previous  acts  of  Nutrition.  The  stimulus  is  not  the 
source  of  tlie  force,  but  only  supplies  some  condition  which  is  requisite 
for  its  manifestation ;  just  as  the  fall  of  a  spark  upon  gunpowder  causes 
its  explosion  (the  force  of  which  is  the  expression  of  the  change  in  the 
chemical  condition  of  its  components,  which  change  is  dependent  upon 
their  pre-existing  affinities),  or  as  the  application  of  the  discharger  to  the 
Leyden  jar  (which  has  been  charged  by  the  previous  action  of  the  Elec- 
trical machine)  liberates,  so  to  speak,  its  pent-up  electricity,  and  allows 
this  to  display  itself  as  an  active  force.  Now  just  as  the  Leyden  jar 
may  be  so  chai'ged  Avith  electricity  as  to  cZi'scharge  itself  spontaneously,  so 
is  it  easy  to  conceive  that  a  Muscle  may  be  so  charged  with  motility  (or 
motor  force)  as  to  execute  spontaneous  contractions;  and  of  the  exist- 
ence of  such  a  condition,  we  have  valid  evidence.  For  there  are  many- 
local  phenomena  of  cramp  and  spasm,  which  cannot  be  fairly  attri- 
buted to  a  perverted  reflex  action  of  the  nervous  system,  and  which  can 
scarcely  be  referred  to  anything  else  than  an  overcharge  of  muscular 
power.  So,  again,  the  action  of  the  uterus,  as  shown  not  merely  in  the 
final  parturient  effort,  but  in  local  contractions  that  fi'equently  occur 
during  the  later  months  of  gestation  (simulating  the  movements  of 
the  foetus),  are  more  satisfactorily  accounted  for  by  considering  tliem 
as  a  discharge  of  accumulated  power,  than  in  any  other  mode  (§  HO)- 
And  we  have  seen  that  muscles  which  are  ordinarily  excited  to  rhyth- 
mical movement  through  the  medium  of  the  nervous  system,  may  execute 
these  movements  of  themselves,  when  this  source  of  stimulation  has 

*  In  so  far  as  it  attributes  the  Heart's  action  to  causes  originating  in  itself,  this  doctrine 
may  be  considered  as  nothing  else  than  the  old  notion  of  the  inherent '  pulsific  virtue  ot  tne 
organ,  so  happily  ridiculed  by  Moliere  and  Swift.  But  there  is  really  just  the  same  dmei- 
ence  between  the  two,  as  between  the  doctrine  of  Vital  Forces,  which  it  has  been  the  Author  ^ 
object  to  unfold  in  this  and  the  companion  Treatise,  and  the  old  notion  of  the  '  vital  prmcipie 
vvhich  was  held  to  account  for  everything  not  otherwise  explicable.  . 

+  It  cannot  be  too  constantly  borne  in  mind,  in  this  and  other  instances,  to 
phenomenon  in  Physiology  or  in  any  other  science  whatever,  is  nothing  else  than  to  s  o« 
that  it  is  conformable  to  some  general  Imv,  and  that  it  is  thus  a  result  of  some  previous 3' 
recogui/.ed  cause.,  whicli  is  common  to  it  with  a  number  of  other  previously-observed  pnenn- 
nieiui.    (See  Mr.  John  Mill's  "  System  of  Logic,"  book  iii.  chap,  xii.) 
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on  cut  off,  and  their  motility  has  accumulated  through  inaction  (§318 
'(?). — It  is  not  very  difficult,  then,  to  conceive,  that  the  ordinary 
\  thmical  movements  of  the  heart  may  be  due  to  a  simple  excess  of 
motility,  w^hicli  is  continually  being  supplied  by  the  nutritive  opera- 
ms,  and  is  as  constantly  discharging  itself  in  contractile  action.  And 
lat  this  is  the  true  view  of  the  case,  is  further  indicated  by  the  pheno- 
leua  attending  the  cessation  of  the  heart's  action.    For  if  a  stimulus  be 
plied  to  it  soon  after  it  has  ceased  to  execute  spontaneous  movements, 
is  stimulus  is  followed,  not  (as  in  ordinary  muscles)  by  a  single  con- 
action  followed  by  relaxation,  but  by  a  succession  of  contractions  and 
■laxations;  thus  indicating  that  a  higher  degree  of  motility  than  that  of 
u  ordinary  muscle  still  persists  in  its  tissue.*    Gradually,  however,  the 
umber  of  repetitions  becomes  smaller  and  smaller,  until  the  application 
f  the  stimulus  excites  but  a  single  contraction;  thus  indicating  that  the 
lotility  of  the  heart  has  been  reduced,  by  the  cessation  of  the  nutritive 
a  erations,  to  that  of  an  ordinary  muscle. — If  we  pass  from  this  com- 
arison  of  the  Heai't  with  other  muscles,  to  the  general  phenomena  of 
hythmical  movement  in  the  Animal  and  Vegetable  kingdoms,  the  proof 
lu-nished  by  analogy  that  the  immediate  source  of  its  action  lies  en- 
ely  within  itself,  becomes  much  stronger;  but  this  part  of  the  subject 
Lis  been  treated-of  elsewhere. t 

•500.  This  view  of  the  case  is  not  in  the  least  inconsistent  with  the 
-t,  that  the  ordinary  rhythmical  actions  of  the  heart  may  be  consider- 
ly  modified,  both  as  to  their  rate  and  their  force,  by  stimuli  of  various 
aids  brought  to  bear  upon  its  tissue,  either  through  the  nervous  system, 
r  by  direct  contact.  Of  the  former  we  have  an  example  in  the  influence 
f  the  emotions;  and  of  the  latter  in  the  violent  -action  excited  by  an 
niiisual  inish  of  blood  towards  the  heart,  in  consequence  of  sudden 
auscular  exertion.  *  ' 

•501.  When  the  Heart  is  exposed  in  a  living  animal,  and  its  movements 
re  attentively  watched,  they  are  seen  to  follow  each  other  with  great 
:j,"ularity.    In  an  active  and  vigorous  state  of  the  circulation,  however, 
I  icy  are  so  linked  together,  that  it  is  not  easy  to  distinguish  them  into 
■viods;  both  Am*icles  contracting  and  also  dilating  simultaneously,  and 
ith  Ventricles  doing  the  same.    The  systole  or  contraction  of  the  Ventricles 
■orresponds  with  the  projection  of  blood  into  the  arteries ;  whilst  the  diastole 
>v  dilatation  of  the  Ventricles  coincides  with  the  collapse  of  the  arteries, 
lie  contraction  of  the  Ventricles,  and  that  of  the  Auricles,  alternate  with 
le  another;  each  taking  place  (for  the  most  part,  at  least),  dm-ing  the 
lilatation  of  the  other.    But  there  is  a  period  during  which  the  Auricles 
id  Ventricles  of  both  sides  are  dilating  together.    This  occurs  durino- 
0  first  part  of  the  Ventricular  diastole;  for  at  the  conclusion  of  the 
^tole,  the  Auricles  are  far  from  being  completely  filled,  and  they  go  on 
ceiving  an  additional  supply  from  the  great  Veins  (a  portion  of  which 
'wever,  passes  at  once  into  the  Ventricles)  until  after  the  middle  of  the 
^  entricular  diastole,  by  which  time  they  become  fully  distended  and  im- 
■  it'chately  contract.    The  contraction  of  the  Auricles  is  synchronous,  there- 
fc,  with  only  the  second  stage  of  the  Ventricular  diastole;  and  their 

*  This  is  a  phenomenon  which  has  no  parallel  among  any  of  the  manifestations  of  nronpr 
f'ex  action. 

t  See  $  no  ;  also  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  chap.  xix. 
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dilatation  is  going  on  during  the  whole  period  of  the  Ventricular  systole. 
Thus  whilst  the  entire  period  that  intervenes  between  one  pulsation  and 
another  is  nearly  equally  divided  between  the  systole  and  diastole  of  the 
Ventricles,  the  division  is  very  unequal  as  regards  the  Auricles ;  scarcely 
more  than  one-eighth  of  the  whole  being  occupied  in  their  contraction, 
and  the  remainder  being  taken-up  by  then-  dilatation.  The  follo\\'ing 
tabular  view  will  perhaps  make  the  relations  of  the  several  parts  of  this 
series  more  intelligible. 

Auricles.  Ventricles. 

5  S  Dilatation.  Contraction.  ^ 

8  \  Continued  Dilatation.  First  stage  of  Dilatation.    I  , 

1    Contraction.  Second  stage  of  Dilatation.  J  * 

502.  In  the  systole  of  the  Ventricles,  their  surface  becomes  nigous; 
the  supei-ficial  veins  swell ;  the  carnene  columnse  of  the  left  ventricle  are 
delineated ;  and  the  curved  fibres  of  the  conical  termination  of  the  left 
ventricle,  which  alone  constitutes  the  apex  of  the  heart,  become  more 
manifest.*    Dm-ing  their  contraction,  the  form  of  the  Ventricles  un- 
dergoes a  very  mai-ked  change,  the  apex  of  the  heart  being  drawn  up 
towards  its  base,  and  its  whole  shape  becoming  much  more  globular. 
The  movement  of  the  apex,  however,  is  by  no  means  a  simple  eleva^ 
tion ;  for,  owing  to  the  peciiliar  arrangement  of  the  fibres  of  this  part 
of  the  heart,  it  is  made  to  describe  a  spiral  curve  from  right  to  left,  and 
from  behind  forwards.    It  is  to  this  change  in  the  form  of  the  heai-t,  and. 
in  the  position  of  its  apex,  rather  than  to  change  in  the  place  of  the 
organ  as  a  whole,  that  we  are  to  attribute  its  impidse  against  the  parietes 
of  the  chest;  for  if  any  advance  and  recedence  do  take  place,  from  the 
various  causes  which  have  been  assigned  by  different  observers  (such  as 
the  pressure  of  the  blood  in  the  direction  opposite  to  that  of  the  oiifices 
throTigh  which  it  is  being  impelled,  the  tendency  of  the  aorta  to  straighten 
itself  when  distended  with  blood,  and  the  elastic  recoil  of  the  parts  about 
the  base  of  the  heart),  this  must  be  exti'emely  trifling  in  its  amount,  since 
all  these  causes  require  distension  of  the  organ  with  blood  for  then*  opera- 
tion, and  the  tilting-forward  of  the  lower  part  of  the  heart  still  ensues 
when  its  apex  has  been  cut  off,  and  no  such  tension  can  be  exercised. — 
The  diastole  of  the  ventricles,  according  to  Cruveilhier  (loc.  cit.),  has  the 
rapidity  and  energy  of  an  active  movement;  triumphing  over  pressure 
exercised  upon  the  organ,  so  that  the  hand  closed  upon  it  is  opened  with 
violence.    This  is  an  observation  of  great  importance;  and  it  coucm"S 
with  obsei-vations  made  upon  the  heart  when  emptied  of  blood,  to  show 
that  the  diastole  is  not  a  mere  relaxation  of  the  muscular  fibres,  per- 
mitting the  cavity  to  be  distended,  but  is  effected  by  some  power  inherent 
in  the  walls  themselves,  t    Even  the  dilatation  of  the  Auricles  appeal's  to 
be  much  greater  than  can  be  accotinted  for  by  any  vis  a  tergo  (which,  as 
will  hereafter  appear,  is  extremely  small  in  the  venous  system),  or  by  the 

•  See  the  account  given  by  M.  Cruveilhier  of  a  remarkable  case  of  Ectopia  Cordis,  m 
"  Gazette  M6dicale,"  Aout  7,  1841. 

+  The  only  power  whose  existence  has  been  hitherto  admitted,  as  competent  to  produce 
such  an  effect,  is  the  elasticity  of  the  tissues  composing  the  walls  of  the  heart.    The  Author 
would  suggest,  however,  whether  there  may  not  exist  in  Muscle  an  active  force  of  elongation, 
as  well  as  an  active  force  of  contraction  ;  arising  from  the  mutual  repulsion  of  particles  wnos 
mutual  attraction  is  the  occasion  of  the  shortening. 
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liisticity  of  its  substance;  for  it  was  observed  in  this  case  to  be  so  great, 
liat  the  right  auricle  seemed  ready  to  burst,  so  great  was  its  distention, 
id  so  thin  were  its  walls.    Moreover,  the  large  veins  near  the  heart  con- 
ict  simultaneously  with  the  auricle,  and  not  whilst  it  is  dilating ;  so  that 
oy  can  have  no  influence  in  causing  its  distention. 
o03.  The  covu'se  of  the  circrdating  fluid  through  the  Heart,  and  the 
tion  of  its  different  valves,  will  now  be  briefly  described. — The  Venous 
ood,  wliich  is  retm-ned  by  the  ascending  and  descending  Vena  Cava, 
liters  the  7'ight  Auricle  during  its  diastole;  part  of  it  flows  on,  as  already 
aentioned,  into  the  right  Ventricle  during  the  earlier  portion  of  its 
liastole;  but  the  Auricle,  being  filled  before  the  Ventricle,  then  contracts, 
lid  dischai'ges  its  contents  through  the  tricuspid  valves  into  the  Ventricle, 
\  hich  it  thus  completely  distends.    The  reflux  of  blood  into  the  veins 
luring  the  aiu'icular  systole,  is  impeded  by  the  contraction  of  their  own 
\  alls,  and  by  the  valves  with  which  they  are  furnished ;  but  these  valves 
re  so  formed,  as  not  to  close  accurately,  especially  when  the  tubes  are 
listended;  so  that  a  small  amount  of  reflux  usually  takes  place,  and  this 
-  much  increased  when  there  is  any  obstruction  to  the  pulmonary  circu- 
tion.    Whilst  the  right  Ventricle  is  contracting  upon  the  blood  that  has 
utered  it,  the  carnece  columnce,  which  contract  simultaneously  with  its 
I  roper  walls,  put  the  chordoi  tendineae  upon  the  stretch;  and  these  draw 
he  flaps  of  the  Tricuspid  valve  into  the  auriculo-ventricular  axis.  The 
'lood  then  getting  behind  them,  and  being  compressed  by  the  contraction 
f  the  ventricle,  forces  the  flaps  together,  in  such  a  manner  as  to  close 
he  orifice;  but  they  do  not  fall  suddenly  against  each  other,  as  is  the 
ase  with  the  semilunar  valves,  since  they  are  restrained  by  the  chordae 
udinese  ;  whence  it  is,  that  no  sound  is  produced  by  their  closure.  The 
lood  is  expelled  by  the  ventricular  systole  into  the  Pulmonary  Artery, 
hich  it  distends,  passing  freely  through  its  Semilunar  valves;  but  as 
ion  as  the  vis  a  tergo  ceases,  and  reflux  might  take  place  by  the  con- 
l  action  of  the  arterial  walls,  the  valves  are  fiUed-out  by  the  backward 
ndency  of  the  blood,  and  completely  check  the  return  of  any  portion  of 
into  the  ventricle.    The  blood,  after  having  circulated  through  the 
mgs,  returns  as  Arterial  blood,  by  the  Pulmonaiy  Veins,  to  the  left 
uu-icle ;  whence  it  passes  through  the  Mitral  valve  into  the  left  Ventricle, 
nd  thence  into  the  Aorta  through  its  Semilunar  valves, — in  the  same 
lanner  with  that  on  the  other  side,  as  just  described. 
504.  There  are,  however,  some  important  differences  in  the  structure 
nd  functional  actions  of  the  two  divisions  of  the  Heart,  which  should  be 
'■re  adverted  to. — The  walls  of  the  left  Ventricle  are  considerably  thicker 
lan  those  of  the  right ;  and  its  force  of  contraction  is  much  greater, 
he  following  are  the  comparative  results  of  M.  Bizot's  measurements,* 
iking  the  average  of  males  from  IG  to  79  years. 

BASK.  MIDDLE.  APEX. 

Left  Ventricle         .       4^   lines  Splines  H|  lines. 

Right  Ventricle      .  lines  If  lines  lines. 

u  the  female,  the  average  thickness  is  somewhat  less.  It  will  be 
>en,  that  the  point  of  gi'catest  thickness  in  the  left  Ventricle  is  near  its 

*  "  Mem.  dc  la  Soc.  M6clic,  d'Obsemtion  de  Paris,"  torn.  i. 
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middle  ;  while  in  the  right,  it  is  nearer  the  base.    The  thickness  of  the 
former  goes  on  increasing  dviring  all  periods  of  life,  fi'om  youth  h 
advanced  age;  whilst  that  of  the  right  is  nearly  stationary.    The  lefi 
Auricle  is  somewhat  thicker  than  the  right ;  the  average  thickness  of  tin 
former  being,  according  to  Bouilland,  a  line  and  a  half ;  whilst  that 
the  latter  is  only  a  line.    In  regard  to  the  relative  capacities  of  the  right 
and  left  cavities,  much  difference  of  opinion  has  prevailed.    The  '/•<>//,/ 
Auricle  is  generally  allowed  to  be  somewhat  more  capacious  than  the  left ; 
and  the  same  is  commonly  taught  of  the  right  Ventricle.    So  much  fallacy 
may  arise,  however,  from  the  peculiar  condition  of  the  animal  at  thi 
moment  of  death,  that  this  is  not  easily  proved,  and  is  indeed  by  no 
means  certain. — The  average  capacity  of  the  cavities  may  be  estimated, 
in  the  full-sized  Heart,  at  about  three  ounces  ;  that  of  the  Aui'icles  beinii 
probably  a  little  less ;  and  that  of  the  Ventricles  a  little  greater.    It  has 
been  shown  that  the  Ventricles  receive  more  blood  fi'om  the  Auricles, 
than  the  latter  could  transmit  to  them  by  sim})ly  emptying  themselvo 
once. — There  is  a  well-known  anatomical  difference  between  the  auriculo 
ventricular  valves  on  the  two  sides,  wliich  has  given  rise  to  the  diversity 
of  name.    This  seems,  from  the  researches  of  Mr.  King,*  to  be  connected 
with  an  important  functional  difference.    The  Mitral  valve  closes  raueli 
more  perfectly  than  the  Tricuspid ;  and  the  latter  is  so  constructed,  as  to 
allow  of  considerable  reflux,  when  the  cavities  are  greatly  distended. 
Many  occasional  causes  tend  to  produce  an  accumulation  of  blood  in  the 
venous  system,  and  in  the  right  side  of  the  Heart;  thus,  any  obstruction 
to  the  pulmonary  circulation,  cold,  compression  of  the  venous  system  by 
muscidar  action,  etc.,  are  known  to  favour  such  a  condition.    This  is  a 
state  of  peculitu"  danger,  from  the  liability  which  over-distention  of  the 
Ventricular  cavity  has,  to  produce  a  state  of  muscular  paralysis;  audi 
the  structure  of  the  Heart  itself,  there  seems  to  be  a  provision  ag-ainst  it 
For,  when  the  ventricle  is  thus  distended,  the  Tricuspid  valves  do  not 
close  properly;  and  a  reflux  of  blood  is  permitted,  not  only  into  the 
Auricle,  but  also  (through  the  imperfect  closure  of  their  valves  under  the 
same  circumstances)  into  the  large  veins.    This  is  proved  by  the  fact, 
several  times  observed  by  Dr.  J.  Reid  in  his  experiments  upon  Asphyxia, 
&c.,  that,  when  the  action  of  the  right  ventricle  had  ceased  from  over 
distention,  he  could  frequently  re-excite  it,  not  merely  by  puncturing  i 
walls,  but  by  making  an  opening  in  the  jugular  vein.t    This  fact  evidently' 
affords  an  indication  of  great  importance  in  the  treatment  of  Asphyxia  j 
and  it  explains  the  reflux  of  blood,  or  venous  pulse,  which  is  frequently 
observed  in  cases  of  pulmonary  disease,  and  which,  according  to  Mr.  King, 
always  exists  even  in  health,  though  in  a  less  striking  degree. 

505.  When  tlie  eai-  is  applied  over  the  cardiac  region,  diuing  the 
natural  movements  of  the  Heart,  two  successive  sounds  are  heai'd,  each 
pair  of  which  corresponds  with  one  pulsation ;  there  is  also  an  interval  o 
silence  between  each  recurrence,  and  the  soimd  that  immediately  folloA\s 
this  interval  is  known  as  the  Jirst  sound,  the  other  as  the  second.  Ih 
/rs<  sound  is  duU  and  prolonged ;  it  is  evidently  synchronotis  with  tn 
impulse  of  the  Heai't  against  the  parietes  of  the  chest,  and  also  with  tn 
pulse,  as  felt  near  the  heart ;  it  must,  therefore,  be  produced  dm-ing  tn 

*  "  Guy's  Hospital  Reports,"  vol.  ii.  t  Op.  Cit.,  Chap.  iii. 
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Veutricular  Systole. — The  second  sound,  which  is  short  and  sharp, '"^  foHows 
so  immediately  upon  the  conclusion  of  the  first,  that  it  cannot  take  ^\-acq 
(.Uuing  the  auricular  systole  as  some  have  supposed,  but  must  be  assigned 
to  the  fii'st  stage  of  the  ventricular  diastole,  when  the  auricles  also  are 
Ulating.  With  regard  to  the  relative  duration  of  the  two  sounds  and  of 
:lie  interval,  widely  different  estimates  have  been  formed.  Thus  Laennec 
considered  the  lengths  of  the  j)eriods  of  sound  and  silence  to  be  respec- 
tively 3-4ths  and  l-4th  of  the  whole  interval  between  one  pulse  and  an- 
other ;  by  Dr.  Williams,  and  by  Barth  and  Roger,  the  relative  lengths  of  these 
[leriods  have  been  estimated  at  2-3rds  and  l-3rd;  whilst  the  recent  expe- 
riments of  Volkmannt  (made  by  adjusting  two  pendulums  to  vibrate 
precisely  in  the  two  periods)  indicate  that  they  are  almost  precisely 
equal. 

506.  The  cause  of  these  sounds,  and  more  especially  of  the  first,  has 
lieen  a  subject  of  much  discussion.    A  number  of  very  distinct  actions 
■\VQ  taking  place  during  the  period  of  its  production  j  and  each  of  these 
has  been  sepai'ately  fised-on  as  competent  to  produce  it.    Thus  we  have 
(a)  the  impulse  of  the  heart  against  the  parietes  of  the  chest,  (6)  the  con- 
traction of  the  muscular  walls  of  the  ventricles,  (c)  the  tension  of  the 
valves  of  the  auriculo-ventricular  orifices,  and  the  backward  impulse  of 
the  blood  against  them,  (d)  the  rush  of  blood  through  the  narrowed 
rifices  of  the  aorta  and  pulmonary  artery,  and  (e)  the  general  molecular 
■ollision  of  the  particles  of  the  blood  amongst  each  other,  and  their  fric- 
ion  agiainst  the  walls  of  the  ventricles.   Each  of  these  causes  has  probably 
nme  share  in  the  production  of  the  result. 

a.  That  the  first  sound  is  partly  due  to  tbe  impulse,  seems  proved  by 
he  fact,  that  when  the  impulse  is  prevented,  by  the  removal  of  the  por- 
ion  of  the  wall  of  the  chest  against  whicli  it  takes  place,  the  sound  is 
iiuch  diminished  in  intensity;  and  also  by  the  circumstance,  that,  when 
lie  ventricles  contract  with  vigour,  the  greatest  intensity  of  the  sound  is 
iver  the  point  against  which  the  impulse  takes  place.    Moreover,  the 
|)rolonged  natm-e  of  the  sound  is  by  no  means  inconsistent  with  this  view ; 
^ince  the  impulse  is  not  a  mere  stroke,  so  much  as  a  continued  pressure. 
i^>ut  that  the  sound  is  not  entirely  due  to  this  cause,  is  also  evident  from 
lie  fact,  that  it  may  still  be  heard  when  the  heart  is  contracting  out  of 
lie  body,  or  when  the  impulse  cannot  take  place. 

h.  That  the  sound  is  partly  muscidar  (§  330)  would  appear  fi'om  the 
ict  that  it  may  be  still  perceived  after  the  heart  has  been  removed  from 
lie  body  and  completely  di-ained  of  its  blood.  J    But  that  this  is  not  its 
-nly  som'ce,  is  shown  by  the  great  diminution  in  its  intensity,  which  is 
•hservable  under  such  circumstances. 

c.  That  the  sudden  tension  of  the  auriculo-ventricular  valves,  with  the 
oflux  of  the  blood  against  them,  at  the  commencement  of  the  ventricular 
ystole,  is  a  cause  of  sound,  would  seem  to  be  indicated  by  the  analogy  of 
lie  semilunar  valves;  and  an  experiment  by  Valentin,§  in  which  a  sound  in 

*  The  (lifFerince  between  these  two  sounds  is  well  expressed  (as  Dr.  C.  J.  B.  Williams 

remarked)  by  articulating  the  syllables  lubb,  dup. 
t  "Die  liamodynamik,  nach  Versuchcn,"  p.  iifii. 

+  See  the  Report  of  the  London  Coininittce  upon  the  Sounds  of  the  Heart,  in  the  "  Trans 
■1^  Brit.  Assoc.,"  for  ]B;i6. 
^  "  Lehrbuch  der  Physiolo^^ic,"  band  i.  p.  427. 
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some  degree  resembling  the  first  sound  of  the  heart  was  produced  by  the 
impulse  of  fluid  against  a  tense  membrane,  has  been  adduced  in  confirma- 
tion of  this  view.  But  it  is  to  be  borne  in  mind  that  these  valves  cannot 
close  together  with  the  same  suddenness  as  do  the  semilunar,  being  re- 
strained by  the  spring-like  tension  of  the  carnese  columnse ;  and,  moreover, 
even  admitting  a  sound  to  be  produced  by  their  closure,  such  a  sound 
would  be  momentary,  and  would  not  possess  the  prolonged  character  of  the 
true  first  sound.  Still  it  is  not  improbable  that  the  tension  of  these  valves 
serves  to  augment  by  resonance  the  sounds  produced  in  other  ways. 

d.  That  the  r  ush  of  Mood  through  the  naiTowed  orifices  of  the -great 
arterial  trunks  is  really  a  cause  of  sound,  is  indicated  by  the  results  of 
experiments  made  upon  tubes  out  of  the  body,  and  upon  lai'ge  blood- 
vessels through  which  the  blood  is  circulating ;  for  any  diminution  of  the 
calibre  of  a  tube  through  which  fluid  is  rapidly  moving,  gives  rise  to  a 
continuous  murmur.  And  that  this  cause  is  in  operation  in  the  heart,  is 
specially  indicated  by  the  observations  of  Cruveilhier  upon  the  case 
already  cited ;  for  he  noticed  that  (the  effect  of  the  impulse  being  there  in 
abeyance)  the  greatest  intensity  of  the  first  sound  was,  like  that  of  the 
second,  at  the  base  of  the  heart,  in  the  region  fi-om  which  the  gi-eat  vessels 
originate,  whilst  he  could  discover  no  production  of  sound  in  the  region  of 
the  aiiriciilo-ventricular  valves. 

e.  Lastly,  that  the  collision  of  the  particles  of  the  blood  with  each  other, 
and  with  the  tense  muscular  parietes  of  the  heart,  together  with  its  move- 
ment over  the  inequalities  of  the  internal  surface  of  the  venti'icle,  will 
become  a  cause  of  sound,  may  be  suspected  from  what  happens  elsewhere, 
and  more  especially  from  the  pi'oduction  of  a  very  distinct  sound  by  the 
movement  of  blood  in  the  interior  of  an  aneurism;*  but  that  this  cause, 
if  it  have  a  real  existence,  is  much  inferior  in  potency  to  the  preceding, 
appears  from  the  fact  that  it  cannot  be  distinguished  from  it ;  and  that 
neither  separately  nor  combined  do  these  give  a  sufficient  account  of  the 
phenomenon,  is  obvious  from  the  persistence  of  a  sound  after  the  heart 
has  been  completely  emptied  of  its  blood. 

507.  It  is  only  by  thus  regarding  the  first  sound  as  made  up  hj  several 
factors,  that  we  can  adequately  account  for  the  operation  of  pathological 
causes  in  modifying  it ;  since  the  gi'eater  part  of  the  bruits  and  mwmurs 
that  ai'e  produced  by  morbid  changes  in  the  heart  and  in  its  valves,  ai'e 
really  modifications  of  the  natiural  sound,  not  additions  to  it. 

508.  That  the  second  sound  is  produced  in  the  act  of  closure  of  the 
Semilunar  valves,  is  now  almost  universally  admitted ;  the  simple  hook- 
ing-back  one  of  these  valves  by  a  curved  needle  against  the  side  of  the 
artery,  so  as  to  permit  a  reflirx  of  blood  into  the  ventricle,  being  sufficient  : 
to  suppress  this  sound  altogether.    Whether  it  proceeds  from  the  tension  - 
of  the  valves  themselves,  or  fi-om  the  recoil  of  the  blood  against  them,  or  i 
from  both  catises  combined,  has  not  been  cleaiiy  determined ;  probably  I 
the  last  is  the  true  account  of  it. — When  the  first  sound  is  altered  by  ■ 
disease  of  the  semilunar  valves,  occasioning  obstruction  to  the  exit  of  | 
blood,  the  second  sound  also  is  affected  in  its  character ;  and  if  the  disease 
be  of  such  a  kind  as  to  prevent  these  valves  fi-om  effectually  closing,  a 
reflux  of  blood  takes  place  into  the  ventricle  at  the  time  of  its  diastole, 


*  See  the  "  Report  of  the  Dublin  Committee  of  tlie  British  Association,"  loc.  cit. 
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causing  a  rusliing  sound  analogous  to  the  ordinary  first  sound,  or  to  some 
)f  its  modifications.  Thus  the  second  sound  may  come  to  acquire  so 
completely  the  character  of  the  first,  that  it  is  difficult  to  distinguish  the 
two  in  any  other  way,  than  by  the  synchronousness  of  the  first  with  the 
heart's  stroke  and  with  the  pulse  in  the  arteries.* 

509.  There  seems  adequate  reason  to  believe  that  the  whole,  or  very 
neai'ly  the  whole,  of  the  blood  contained  in  the  Ventricles,  is  discharged 
from  them  at  each  systole ;  for  the  left  ventricle  is  very  frequently  found 
uuite  empty  after  death;  and  if  a  transverse  section  be  made  through 
the  heart,  when  in  a  state  of  well-marked  ingor  mortis  (which  may 
be  considered  as  representing  its  ordinary  state  of  complete  contraction), 
the  ventricular  cavity  is  found  to  be  entirely  obliterated. t    From  the 
capacity  of  the  cavity  in  its  state  of  fullest  dilatation,  it  can  scarcely  be 
admitted  that  more  than  3  oz.  of  blood  can  be  proj)elled  by  either  ven- 
tricle at  each  systole; J  and  thus,  if  we  estimate  the  whole  amount  of 
blood  at  18  lbs.  (§  136),  this  would  require  96  strokes  for  its  passage 
thi'ough  either  side  of  the  heart;  or,  reckoning  72  pulsations  to  a  minute, 
the  time  elapsing  before  any  particle  could  return  to  a  given  point  after 
once  passing  it  (supposing  it  not  to  be  sent  elsewhere),  would  be  1^ 
minute.    Between  any  such  estimates,  however,  and  those  which  are 
founded  upon  experimental  inquiry  into  the  time  required  for  the  passage 
of  substances  introduced  into  the  circulating  current  ft'om  one  part  of  the 
system  to  another,  there  is  a  discrepancy  which  it  is  very  difficult  to 
reconcile.    The  earliest  of  such  experiments  were  those  of  Hering,§  who 
endeavoured  to  ascertain  the  rapidity  of  the  circulation,  by  introducing 
prussiate  of  potash  into  one  part  of  the  system,  and  drawing  blood  from 
another.    He  states  that  he  detected  this  salt,  in  blood  drawn  from  one  of 
the  jugular  veins  of  the  Horse,  within  20  or  30  seconds  after  it  had  been 
introduced  into  the  other;  in  which  brief  spac'e  the  blood  must  have  been 
received  by  the  heart,  must  have  been  transmitted  through  the  lungs, 
have  returned  to  the  heart  again,  have  been  sent  through  the  carotid 
artery,  and  have  traversed  its  capillaries.    From  experiments  of  a  similar 
nature  upon  other  veins,  he  states  that  the  salt  passed  from  the  jug-ular 
vein  into  the  saphena  in  20  seconds;  into  the  masseteric  artery  in  from 
15  to  20  seconds;  into  the  external  maxillary  artery  in  from  10  to  25 
seconds ;  and  into  the  metatarsal  artery  in  from  20  to  40  seconds.  1|  These 

*  On  the  subject  of  the  Sounds  of  the  Heart,  the  various  treatises  on  Auscultation  by 
Williams,  Blakiston,  Hughes,  Walshe,  Davis,  Skoda,  Barth  and  Roger,  Weber,  and  others 
maybe  advantageously  consulted;  see  also  Dr.  Bellingham's  Lectures  on  Diseases  of  the 
Heart,  in  the  "Medical  Gazette"  for  1850;  the  account  of  Hamernjk''s  investigations  ia 
the  "  Edinb.  Monthly  Journal,"  Jan.,  1849 ;  and  those  of  Kiwisch  in  the  "  Brit,  and  For. 
Med.-Chir.  Rev.,"  April,  1852. 

t  Kirkes  and  Paget's  "  Handbook  of  Physiology,"  2nd  edit.,  p,  80. 

X  The  total  quantity  discharged  from  either  ventricle  of  the  human  Heart  at  each  systole, 
IS  estimated  by  Valentin  at  6  i  oz.,  and  by  Volkmann  at  6'2  oz.  ;  but  these  amounts  are 
deduced  from  calculation  of  the  (supposed)  total  of  the  blood,  divided  by  the  estimated  dura- 
tion of  its  passage  through  the  heart,  rather  than  from  actual  admeasurement. 

§  "  Tiedemann's  Zeitschrift,"  vol.  iii.  p.  85. 

II  Although  attempts  have  been  made  to  invalidate  the  inference  which  seems  inevitably  to 
flow  from  these  experiments,  in  regard  to  tlie  rate  of  the  circulation,  by  attributing  the  trans- 
mission of  the  salt  to  the  permeability  of  the  animal  tissues,  yet  it  has  never  been  shown  that 
oven  prussiate  of  potash  (which  is  probably  at  least  as  transmissible  through  this  channel,  as 
any  other  salt)  can  be  carried  from  one  part  to  another,  with  a  rapidity  at  all  proportional  to 

I  I  2 
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experiments  have  been  fully  confirmed  by  those  of  Poisseuille,*  and  also 
by  those  of  Mr.  Blake  ;t  the  latter  of  whom  varied  them  by  employing 
different  substances,  and  took  other  precautions  against  sources  of  fallacy. 
At  an  interval  of  10  seconds  after  having  injected  a  solution  of  nitrate  of 
baryta  into  the  jugular  vein  of  a  horse,  he  drew  blood  from  the  carotid 
artery  of  the  opposite  side ;  after  allowing  this  to  flow  for  5  seconds,  he 
substituted  another  vessel,  which  received  the  blood  that  flowed  dming 
the  5  ensuing  seconds;  and  the  blood  that  flowed  after  the  20th  second, 
by  which  time  the  action  of  the  heart  had  stopped,  was  received  into  a 
third  vessel.  These  diffei'ent  specimens  were  carefully  analysed.  No 
trace  of  baryta  could  be  detected  in  the  blood  which  had  escaped  from 
the  artery  between  the  10th  and  the  15th  second  after  the  injection  of  the 
poison;  but  in  that  which  was  di'awn  between  the  15th  and  the  20th 
second,  the  salt  was  found  to  be  present,  and  in  gi'eater  abundance  than 
in  the  blood  which  had  subsequently  flowed.  Moreover,  the  coincidence 
between  the  cessation  of  the  Heart's  action,  and  the  diffrision  of  the  salt 
through  the  arterial  blood,  bear  a  striking  correspondence ;  and  it  may  be 
hence  inferred,  that  the  arrestment  of  its  muscular  movement  is  due  to 
the  effect  of  this  agent  upon  its  tissue,  when  immediately  operating  upon 
it,  through  the  capillaries  of  the  coronary  artery. — This  conclusion  is 
borne  out  by  a  variety  of  other  experiments ;  which  show  that  the  time  of 
the  agency  of  other  poisons  that  suddenly  check  the  Heart's  action  (which 
is  the  especial  property  of  mineral  poisons),  nearly  coincides,  in  different 
animals,  with  that  which  is  i-equired  to  convey  them  into  the  arterial 
capillaries.  And  it  seems  to  derive  full  confirmation  from  the  fact,  that 
poisons,  which  act  locally  on  other  pai'ts,  give  the  first  indications  of  their 
operation,  in  the  same  period  after  they  have  been  introduced  into  the 
venous  circulation.  Thus,  in  the  Horse,  the  time  that  is  required  for  the 
blood  to  pass  from  the  jugular  vein  into  the  capillary  terminations  of  the 
coronary  arteries,  is  1 6  seconds,  as  is  shown  by  the  power  of  nitrate  of 
potass  to  arrest  the  Heart's  action  within  that  time;  and  nitrate  of 
strychnia,  injected  into  a  vein,  gave  the  first  manifestation  of  its  action 
on  the  Spinal  Cord,  in  precisely  the  same  number  of  seconds.  In  the 
Dog,  the  heart's  action  was  arrested  by  the  nitrate  of  potass  in  11  or  12 
seconds;  and  the  tetanic  convulsions  occasioned  by  strychnia,  also  com- 
menced in  12  seconds.  In  the  Fowl,  the  former  period  was  6  seconds, 
and  the  latter  6|;  in  the  Rabbit,  the  first  was  4,  and  the  other  i\ 
seconds. — From  such  experiments,  it  seems  evident  that  the  rapidity  of 
the  Ch'culation  is  undeiTated,  in  any  estimate  that  we  found  upon  the 
capacity  of  the  Heart,  and  its  number  of  pulsations  in  a  given  time ;  and 
it  is  difficult  to  see  how  the  two  sets  of  facts  are  to  be  reconciled. 

510.  The  /orce  with  which  the  systemic  Heart  propels  the  Blood,  may 
be  estimated  in  .two  ways; — either  by  ascertaining  the  height  of  the 
column  of  that  fluid,  which  its  contractile  action  will  support; — or  by 

this ;  and  the  only  mode  in  which  this  property  can  be  conceived  materially  to  facilitate  the 
transmission  of  the  salt  through  the  vascular  system,  would  be  by  allowing  it  to  pass  through 
the  septum  of  the  auricles,  and  thus  to  make  its  way  from  the  right  to  the  left  side  of  the 
heart,  without  passing  through  the  pulmonary  circulation ;  yet  this  it  could  scarcely  do,  to 
the  large  amount  which  is  evidently  transmitted,  in  so  short  a  time. 

*  "  Ann.  des  Sci.  Nat.,"  1 843,  Zool.,  tom.  xix.,  p.  32. 

+  "  Edinb.  Med.  and  Surg.  Journal,"  Oct.,  1841. 
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causing  the  blood  to  act  upon  a  shorter  column  of  mercury. — The  former 
metliod  was  the  one  adopted  by  Hales,  who  introduced  a  long  pipe  into 
the  Carotid  artery  of  a  Horse,  and  found  that  the  blood  would  sometimes 
rise  in  it  to  the  height  of  10  feet.  From  parallel  experiments  upon 
Sheep,  Oxen,  Dogs,  and  other  animals,  and  by  comparing  the  calibre  of 
their  resj^ective  vessels  with  that  of  the  Human  aorta,  Hales  concluded, 
that  the  usual  force  of  the  Heart  in  Man  would  sustain  a  column  of  blood 
7^  feet  high,  the  weight  of  which  would  be  about  4  lbs.  6  oz. — The  second 
method  is  that  which  was  adopted  by  Poisseuille;  the  result  of  whose 
experiments  (made  with  the  instrument  which  he  termed  the  '  haemady- 
namometer')  corresponded  very  closely  with  that  of  Hales,  his  estimate  of 
the  pressm-e  of  blood  in  the  aorta  being  4  lbs.  3  oz.  The  more  recent 
experiments  of  Volkmann*  have  led  him  to  nearly  the  same  conclusion ; 
notwithstanding  that  he  has  pointed  out  certain  fallacies  in  Poisseuille's 
method.  The  force  which  the  walls  of  the  Heart  must  exert,  in  order  to 
impart  such  a  pressure  to  the  blood  which  they  propel,  is  properly  esti- 
mated by  multi]3lying  the  pressure  of  blood  in  the  aorta  by  the  ratio 
between  the  area  of  that  trunk  and  the  surface  of  a  plane  passing  through 
the  base  and  apex  of  the  left  ventricle;  which  method  of  computation 
would  make  it  about  13  lbs. 

511.  The  number  of  contractions  of  the  Heart  in  a  given  time  is  liable 
to  great  variation,  within  the  limits  of  ordinary  health,  from  several  causes ; 
the  chief  of  these  are  diversities  of  Age,  of  Sex,  of  Stature,  of  Muscular 
exertion,  of  the  condition  of  the  Mind,  of  the  state  of  the  Digestive  system, 
and  of  the  Period  of  the  day. 

a.  Putting  aside  the  other  causes  of  uncertainty,  the  following  table 
may  be  regarded  as  an  approximation  to  the  average  frequency  of  the 
Pulse,  at  the  several  Ages  specified  in  it,  taking  equal  numbers  of  Males 
and  Females.  '  - 

BEATS  PER  MINUTE. 

In  the  fcEtus  in  utero  .....      140  —  150 

Newly-bom  infant  .....  130  —  140 

During  the  1st  year  ......      115  —  130 

During  the  2nd  year        .  .  .  .  .  100  —  115 

During  the  3rd  year  .  .  .  .  .  .95 — 105 

From  the  7th  to  the  1 4th  year     .  .  .  .  80—90 

From  the  14th  to  the  21  St  3'ear         .  .  .  .75—85 

From  the  21st  to  the  60th  year    .  .  .  .  70—75 

Oldagef      .  .  .  .  .  .  .75—80 

h.  The  difference  caused  by  Sex  is  very  considerable,  especially  in  adult 
age;  it  appears  from  the  inquiries  of  Dr.  Guy,^  that  the  pulse  of  the 
adult  Female  exceeds  in  frequency  the  pulse  of  the  adult  Male,  at  the 
same  mean  age,  by  ft-om  10  to  14  beats  in  a  minute. 

c.  Many  of  the  observations  upon  the  effect  of  Stature  upon  the  pulse, 
are  invalidated  by  the  neglect  of  other  conditions  in  making  them;  it  is 

*  "  Die  ITiimodynamik  nach  Versuchen,"  chap.  vii. 

t  The  rise  in  the  average  frequency  of  the  pulse  in  very  advanced  life,  contrary  to  the 
prevalent  notion,  has  been  determined  by  the  observations  of  Leuret  and  Mitivie  ("  Dc  la 
Frequence  des  Pouls  chez  les  Alienes"),  Dr.  Pennock  ("Amer.  Journ.  of  Med.  Sci  "July 
1»47),  and  Prof.  Volkniann  (Op.  cit.  p.  427.) 

+  "Guy's  Hospital  Reports,"  vol.  iii.  p.  312  ;  and  "  Cyclop,  of  Anat.  and  Physiol,"  Art. 
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affirmed  b}^  Volkmann,  however,  that  a  tolerably  definite  ratio  exists,* 
the  pulse  being  cceteris  paribus  less  frequent  as  the  stature  is  gi-eater,  so 
that  if  the  pulse  of  a  man  of  5^  feet  high  were  70  per  minute,  that  of  a 
man  of  6  feet  would  be  66-7,  and  that  of  a  man  of  5  feet,  73-8. 

d.  The  effect  of  Muscular  Exertion  in  raising  the  pidse  is  well  known ; 
as  is  also  the  fact,  which  is  one  exemplification  of  it,  that  the  pulse  varies 
considerably  with  the  posture  of  the  body.  The  amount  of  this  variation 
has  been  made  the  subject  of  extensive  inquiry  by  Dr.  Guy;  and  the 
following  are  his  results.  In  100  healthy  Males,  of  the  mean  age  of  27 
years,  in  a  state  of  rest,  the  average  frequency  of  the  pulse  was,  when 
standing  79,  when  sitting  70,  and  when  lying  67  per  minute.  Several 
exceptions  occurred,  however,  to  the  general  law;  and  when  these  were 
excluded,  the  average  numbers  were,  standing  81,  sitting  71,  and  lying 
66;  so  that  the  difference  between  standing  and  sitting  was  10  beats,  or 
l-8th  of  the  whole;  the  difference  between  sitting  and  lying  was  5  beats, 
or  1-1 3th  of  the  whole;  and  the  difference  between  standing  and  lying 
was  15  beats,  or  l-5th  of  the  whole.  In  50  healthy  Females,  of  the  same 
mean  age,  the  average  pulse  when  standing  was  89,  when  sitting  81,  and 
when  lying  80 ;  and  when  the  exceptions  (which  were  more  numerous  in 
proportion  than  in  males)  were  excluded,  the  averages  were,  standing  91, 
sitting  84,  lying  79 ;  the  difference  between  standing  and  sitting  was  thus 
7  beats,  or  1-1 3th  of  the  whole;  that  between  sitting  and  lying  was  4,  or 
or  1-2 1st  of  the  whole;  and  that  between  standing  and  lying  was  11,  or 
l-8th  of  the  whole.  In  both  sexes,  the  effect  produced  by  change  of  pos- 
ture increases  with  the  usual  frequency  of  the  pulse ;  whilst  the  exceptions 
to  the  general  rule  are  more  numerous,  as  the  pulse  is  less  frequent.  The 
variation  is  temporarily  increased  by  the  muscular  effort,  involved  in  the 
absolute  change  of  the  posture ;  and  it  is  only  by  the  use  of  a  revolving 
board,  by  which  the  position  of  the  body  can  be  altered,  without  any 
exertion  on  the  part  of  the  subject  of  the  observation,  that  correct  results 
can  be  obtained.  That  the  difference  between  standing  and  sitting  should 
be  greater  than  that  between  sitting  and  lying,  is  just  what  we  should 
expect ;  when  we  compare  the  amount  of  muscular  effort  requfred  in  tlie 
maintenance  of  the  two  former  positions  respectively. 

e.  The  pulse  is  well  known  to  be  much  accelerated  by  Mental  excite- 
ment, especially  by  that  of  the  Emotions ;  it  is  also  quicker  dmdng  Diges- 
tion ;  but  on  neither  of  these  points  can  any  exact  numerical  statement 
be  eiven. 

f.  The  diurnal  variation  of  the  Pidse,  has  been  made  the  sxibject  of 
observation  by  Dr.  Knoxt  and  Dr.  Guy ;  %  whose  inqufries  concur  to  dis- 
prove the  usual  notion  that  the  pulse  rises  towards  evening,  and  make  it 
appear  that  the  more  common  fact  is  the  reverse.  It  should  not  be  laid 
down  as  a  general  ride,  however,  that  the  pulse  is  most  frequent  in  the 
morning,  unless  it  be  also  stated  that  the  exceptions  are  very  numerous. 
For,  whilst  out  of  sixteen  healthy  young  persons  of  both  sexes  examined 

•  With  liis  usual  zeal  for  formularixation,  Volkmann  expresses  this  ratio,  as  deduced  from 
a  large  number  of  observations,  by  the  ratio  p  :p'=h%  :  ;— p  being  the  rate  of  the  pulse, 
and  h  the  height  of  the  body.  Or,  in  other  words,  the  ratio  is  that  of  tJ/e  tiinth  root  of  the 
fifth  power  of  the  height.    Surely  this  is  riding  a  hobby  to  the  death. 

t  "  Edinb.  Med.  and  Surg.  Journ.,"  vol.  xi.  p.  53. 

+  »  Guy's  Hosp.  Hep.,"  vol.  iv.  p.  69. 
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by  Dr.  Guy,  the  pulse  was  more  frequent  in  the  morning  in  ten  individuals 
by  from  2  to  1 8  beats  per  minute,  it  was  more  frequent  in  the  evening  in 
four  individuals  by  from  9  to  13  beats,  and  in  two  others  there  was  no 
difference.  Both  these  experimenters  have  remarked,  moreover,  that  the 
pulse  is  less  excitable,  as  well  as  less  fi'equent,  in  the  evening  than  in  the 
morning;  thus,  it  was  found  by  Dr.  Guy  that  the  very  same  food  which 
in  the  morning  increased  the  frequency  of  the  pulse  from  5  to  12  beats, 
and  kept  it  raised  above  its  natm-al  number  for  one  or  two  hours,  pro- 
duced no  effect  whatever  in  the  evening;  and  it  is  a  matter  of  ordinary 
experience  that  alcoholic  liquors  have  a  much  more  potent  effect  upon 
the  circulation  in  the  earlier  than  in  the  latter  part  of  the  day, 

3. — Movement  of  the  Blood  in  the  Arteries. 

512.  The  Blood  propelled  from  the  Heart  is  distributed  to  the  body  in 
general  by  a  system  of  Arteries,  which  may  be  likened  in  its  arrangement 
to  the,  trunk  and  branches  of  a  tree,  except  that  very  frequent  communi- 
cations or  anastomoses  exist  among  these  branches,  so  that,  by  continual 
subdivision  and  inosculation,  then-  distribiition  comes  more  and  more  to 
resemble  the  capillary  network  in  which  they  terminate  (Fig.  103). 


Fig.  103. 


a. 


Web  of  Frog's  foot,  stretching  between  two  toes,  magnified  3  diameters  ;  showing  the  blood- 
vessels, and  their  anastomoses: — a,  a,  veins  ;  b,  b,  b,  arteries. 

Although  the  diameters  of  the  branches,  at  each  subdivision,  together 
exceed  that  of  the  trunk,  yet  there  is  but  little  difference  in  their  respec- 
tive areas.  What  difference  does  exist,  however,  is  usually  in  favom-  of 
the  branches ;  and  thus  it  happens  that  there  is  a  gradual  increase  in  the 
capacity  of  the  arterial  system  from  its  centre  towards  the  capillaries, 
whose  capacity  is  many  times  greater  (§  529).— The  Arteries  exert  a  most 
important  influence  upon  the  movement  of  blood  through  them,  in  virtue 
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of  the  physical  and  vital  properties  of  their  walls,  or  rather  of  their 
middle  or  fibrous  coat,  which  alone  is  possessed  of  contractile  properties. 
We  find  in  this  coat  a  layer  of  annular  fibres,  composed  of  muscular  fibre- 
cells,  mingled  with  areolar  tissvie.'*  On  the  outside  of  this,  is  a  layer  of 
yellow  elastic  tissue,  which  is  much  thicker  in' the  larger  arteries,  in  pro- 
portion to  their  size,  than  in  the  smaller.  To  this  last  tissue  is  due  the 
simple  elasticity  of  the  arterial  walls,  which  is  a  physical  property  that 
persists  after  death,  imtil  a  serious  change  takes  place  in  their  composi- 
tion ;  whilst  to  the  one  first  mentioned,  we  are  to  attribute  the  property 
which  they  unquestionably  possess  (in  common  with  proper  muscular 
tissue)  of  contracting  on  the  application  of  a  stimulus,  so  long  as  their 
vitality  remains.  These  two  endowments  are  possessed  in  various  pro- 
portional degrees,  by  the  different  parts  of  the  Arterial  system.  Thus 
it  was  justly  remarked  by  Hunter,  that  elasticity,  being  the  property 
by  which  the  interrupted  force  of  the  Heart  is  made  equable  and  con- 
tinuous, is  most  seen  in  the  large  vessels  more  immediately  connected 
with  that  org.an  ;  Avhilst  on  the  other  hand,  the  contractility  is.  most 
observable  in  the  smaller  vessels,  where  it  is  more  required  for  regulating 
the  flow  of  blood  towards  particular  organs. 

513.  It  has  been  denied  by  many  Physiologists,  that  the  middle  coat 
of  the  Arteries  possesses  any  property  that  can  be  likened  to  muscidar 
IrritahiUly ;  but  no  reasonable  doubt  can  any  longer  exist  on  this  point. 
That  the  walls  of  ai'teries  cannot  be  readily  stimulated  to  contraction 
through  the  medium  of  their  nerves,  is  universally  admitted;  but  the 
same  is  the  case  with  regard  to  the  muscular  coat  of  the  Alimentaiy 
canal,  which  contracts  most  vigorously  on  the  direct  application  of 
stimuli  to  itself;  and  Valentin  and  others  have  succeeded  in  producing 
evident  contractions  in  the  Aorta,  by  irritation  of  the  Sympathetic  nerve, 
and  of  the  roots  of  the  cervical  nerves  of  the  Spinal  system.  Further, 
although  many  experimenters  have  failed  in  producing  contractions  of 
this  tissue  by  stimuli  directly  ajDplied  to  itself,  yet  such  contractions  may 
be  so  easily  demonstrated  by  pro]Der  means,  that  the  negative  results 
cannot  be  admitted  as  invalidating  the  fact.  It  is  of  course  in  the  smaller 
arteries,  that  the  evidence  of  this  contractility  should  be  sought ;  and  this 
may  be  readily  obtained  by  observing  the  effects  of  various  stimuli, 
mechanical,  chemical,  or  electi-ical,  upon  the  vessels  of  a  transparent 
membrane,  siich  as  the  bat's  wing  or  the  frog's  foot.  Thus  if,  whilst  we 
watch  the  movement  of  blood  in  a  companion  artery  and  vein,  we  draw 
the  point  of  a  fine  needle  across  them  three  or  four  times,  without  appa- 
rently injuring  them  or  the  membrane  over  them,  they  will  both  pre- 
sently contract  and  close ;  then  after  remaining  for  a  few  minutes  in  the 
contracted  state,  they  will  begin  again  to  dilate,  and  will  gradually  in- 
crease in  diameter  until  they  acquire  a  larger  size  than  before  the  stimulus 
was  apjDlied.  When  in  this  condition,  they  will  not  again  contract  on  the 
same  stimulus  as  before;  the  needle  may  now  be  drawn  across  them 
mvich  oftener  and  more  forcibly,  but  no  conti'action  ensues,  or  only  a 
trivial  one  which  is  quickly  followed  by  dilatation ;  with  a  stronger  sti- 
mulus, however,  such  as  that  of  great  heat,  tliey  will  again  contract  and 
close,  and  such  contraction  may  last  more  than  a  day  before  the  vessels 

*  Kiilliker,  in  "  Kolliker  and  Siebold's  Zeitschrift,"  1 849. 
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iiiiiiii  open  und  permit  the  flow  of  blood  through  them.* — The  compara- 
ive  effects  of  chemical  and  other  stimuli  have  receutly  been  especially 
ucUed  by  Mr.  Wharton  Jones,t  by  whom  they  are  thus  classified.  (1), 
oustriction  may  slowly  take  place,  and  be  slowly  succeeded  by  the  nor- 
nal  width;  this  is  the  action  of  the  sulphate  of  atropia.  (2.)  Constric- 
;ou  may  quickly  take  place,  and  be  soon  succeeded  by  the  normal  width, 
>v  a  width  not  much  exceeding  the  normal;  this  is  the  result  of  the 
iiodcrate  application  of  cold,  and  of  mechanical  and  galvanic  irritation. 
.  )).  Constriction  either  does  not  take  place  at  all,  or  when  it  does,  it  very 
.  ipidly  gives  place  to  great  dilatation ;  this  is  the  effect  of  a  weak  solu- 
ion  of  sulphate  of  copper,  of  a  strong  solution  of  common  salt,  of  wine, 
)f  opium,  and  of  spirit  of  wine.  (4).  Dilatation,  preceded  or  not  by  mo- 
j  inentary  constriction,  may  slowly  yield  to  constriction,  which  remains 
permanent;  this  is  the  effect  of  sulphate  of  copper,  applied  in  strong 
solution,  or  in  substance. — The  electric  stimulus  is  most  effectual  when 
ipphed  by  the  magneto-galvanic  apparatus;  and  the  effects  of  such  appli- 
:ation  have  been  especially  studied  by  the  Professors  Weber.  X  When 
tlie  minute  arteries  of  the  mesentery  of  frogs,  between  l-7th  and  1-1 7th 
of  a  Paris  line  in  diameter,  were  thus  stimulated,  they  did  not  imme- 
diately respond  to  the  iiTitation,  but  began  to  contract  after  a  few  seconds, 
so  that  theii"  diameter,  in  from  five  to  ten  seconds,  was  diminished  by  a 
thii'd,  and  their  sectional  area  consequently  reduced  to  about  half;  by  a 
continued  application  of  the  stimulus,  their  calibre  was  so  much  reduced, 
that  only  a  single  row  of  corpuscles  could  pass;  and  at  last  the  vessels 
1  lecame  completely  closed,  and  the  current  of  blood  arrested,  the  original 
conditions  being  gTadually  restored  on  the  cessation  of  the  electric  cm*- 
rent. — Further,  it  has  been  ascertained  by  the  careful  experiments  of 
Poisseuille  (which  confirm  those  of  John  Hunter)  that  when  an  artery  is 
dilated  by  fluid  injected  into  it,  it  reacts  witJi  a  force  superior  to  the 
distending  impulse ;  and  he  has  also  shown  that,  if  a  portion  of  an  artery 
from  an  animal  recently  dead  (in  which  the  vital  contractility  seems  to  be 
preserved),  and  one  from  an  animal  that  has  been  dead  some  days  (in 
which  nothing  but  the  elasticity  remains),  be  distended  with  an  equal 
force,  the  former  becomes  much  more  contracted  than  the  latter,  after  the 
distending  force  is  removed. 

514.  Several  experiments  also  indicate  the  existence  of  that  power  of 
slow  contraction  in  the  arteries,  which  has  been  distinguished  by  the 
ippellation  Tonicity  (§  331).  Thus,  when  a  ligature  is  placed  upon  an 
artei-y  in  a  living  animal,  the  part  of  the  artery  beyond  the  ligature 
!  »ocomes  gradually  smaller,  and  is  emptied  to  a  certain  degree,  if  not  com- 
pletely, of  the  blood  it  contained.  Again,  when  part  of  an  artery  in  a 
Hving  animal  is  isolated  by  means  of  two  ligatures,  and  is  punctured,  the 
hlood  issues  from  the  orifice,  and  the  inclosed  portion  of  the  artery  is 

*  See  Mr.  Paget's  '  Lectures  on  Inflammation,'  in  "  Medical  Gazette,"  June  7,  1  850. — 
As  Mr.  Paget  justly  remarks,  it  is  from  the  mechanical  stimulus  of  the  knife  that  small 
'livided  vessels  contract  and  close,  so  as  speedily  to  cease  bleeding ;  but  this  contraction  lasts 
^•nly  for  a  time;  and  hEcmorrhage  would  commence  on  their  dilatation,  if  their  mouths  were 
not  sealed  by  coagula  of  blood  or  lymph.  When  secondary  haemorrhage  does  occur  from 
want  of  such  coagulation,  it  is  most  effectually  controlled  by  tiie  application  of  stimuli  which, 
like  the  actual  cautery,  induce  a  more  prolonged  contraction  of  the  vessels. 

t  '  Prize  Essay  on  Inflammation,'  in  "  Guy's  Hospital  Reports"  for  1850,  pp.  8  9 

t  "  Muller's  Archiv.,"  1 847. 
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almost  completely  emptied  of  its  contents.     Further,  every  Sui'geon 
knows,  that  the  contraction  of  divided  arteries  is  an  efficient  means  of  the 
arrest  of  hsemorrhage  from  them,  especially  when  they  are  of  small 
calibre ;  so  that,  in  the  case  of  the  temporal  artery  for  example,  the  com- 
plete division  of  the  tube  is  often  the  readiest  means  of  checking  the  flow 
of  blood  from  it,  when  it  has  been  once  wounded.    This  contraction  is 
much  gi-eater  than  could  be  accounted  for  by  the  simple  elasticity  of  the 
tissue ;  and  is  more  decided  in  small,  than  in  large  vessels.    The  empty 
condition  of  the  arteries,  generally  found  within  a  short  time  after  death, 
seems  to  be  in  part  due  to  the  same  cause ;  since  their  calibre  is  usually 
much  diminished,  and  is  sometimes  completely  obliterated.    A  remark- 
able example  of  the  same  slow  contraction,  is  that  which  takes  place  in 
the  end  of  the  upper  portion  of  an  arterial  trunk,  when  the  passage  of 
blood  through  it  is  interrapted  by  a  ligature ;  for  the  curi-ent  of  blood 
then  passes  off  by  the  neai-est  large  lateral  branch ;  and  the  tube  of  the 
artery  shrivels,  and  soon  becomes  impervious,  from  the  point  at  which 
the  ligature  is  applied,  back  to  the  origin  of  that  branch.    This  last  fact 
is  important,  as  proving  how  little  influence  the  vis  a  tergo  possesses  over 
the  calibre  of  arterial  tubes;  since,  without  any  interruption  to  the  pres- 
sure of  blood  occasioned  by  it,  the  tube  becomes  impervious.    It  is  to  the 
moderate  action  of  the  tonicity  of  arteries,  that  their  contraction  upon  the 
stream  of  blood  passing  throTigli  them  (which  serves  to  keep  the  tubes 
always  full)  is  due.    If  the  tonicity  be  excessive,  the  pulse  is  hard  and 
wiry;  but  if  it  be  deficient,  the  pulse  is  very  compressible,  though  bound- 
ing, and  the  flow  of  blood  thi'ough  the  arteries  is  retarded.    Dr.  C.  J.  B. 
Williams  has  performed  some  ingenious  experiments  (§  532),  which  prove 
that  the  force  required  to  propel  fluid  through  a  tube  whose  sides  ai'e 
yielding,  is  veiy  much  gi-eater  than  that  which  will  cany  it  through  a 
tube  of  even  smaller  size,  with  rigid  parietes;  consequently,  a  loss  of 
tonicity  in  the  blood-vessels  retards  the  flow  of  blood  through  them; 
whilst  an  increase  hastens  it. — We  have  seen  that  between  the  Irritability 
of  ai-teries  and  their  Tonicity,  there  is  much  less  difierence  than  exists  in 
most  other  musculai'  structm-es;  since  the  former  is  so  long  in  manifest- 
ing itself,  that  it  almost  approaches  to  the  character  of  the  latter.   But  in 
the  Arteries,  as  in  other  muscles,  the  tonic  contraction  may  be  most 
efficiently  induced  by  cold.    Thus  Hunter  observed  that  the  exposure  of 
an  artery  of  a  warm-blooded  animal  to  the  air  for  some  time,  would  occa- 
sion its  gradual  contraction  to  such  an  extent  as  to  effect  the  obliteration 
of  its  canal.    This  statement  has  been  verified  by  many  subsequent 
experimenters;  and  it  has  also  been  confirmed  by  the  observations  of 
Schwann  upon  the  small  arteries  of  the  mesentery  of  frogs,  wliich  he 
caused  to  contract  slowly  by  the  application  of  cold  water,  and  then  saw 
dilate  again ;  as  much  as  half  an  hour  being  required,  however,  before 
they  recovered  then-  original  size.  ^On  the  other  hand,  the  application  of 
moderate  wai-mth  causes  a  relaxation  of  this  tonic  contraction. — And  thus 
Cold  and  Heat  ai'e  two  of  our  most  valuable  remedial  agents,  when  the 
Tonicity  of  the  Vascular  system  is  deficient  or  in  excess. 

515.  We  have  now  to  inquire  more  closely  into  the  influence  exerted 
by  the  vital  and  physical  properties  of  the  walls  of  the  Arteries,  upon  the 
motion  of  Blood  through  them. — There  is  no  sufficient  proof  that  the  vital 
Contractility  of  these  vessels  enables  them  to  exert  a  proptdsive  action  in 


MOVEMENT  OF  'IirK  ULOOD   IN'  THE  AUTERIES. 


491 


!iy  degree  supplementary  to  tliat  of  the  Heart;  and  yet,  looking  to  the 
■ueral  facts  already  stated,  as  to  the  diffusion  of  tlie  propulsive  power 
iirough  the  artej-ial  trunks  in  many  of  the  lower  animals  (§  493),  and 
lieir  experimentally-proved  reaction  upon  a  distending  force,  it  does  not 
•em' by  any  means  improbable  that  some  such  power  should  be  pre- 
rved,  even  where  there  is  the  greatest  concentration  of  tlie  propulsive 
.i  ce  in  tiic  muscular  walls  of  the  heart. — The  contractility  of  the  aj-teries 
oms  to  be  chiefly  exercised,  however,  in  regulatinrj  the  diameter  of  the 
ibes,  in  accordance  with  the  quantity  of  blood  to  be  conducted  through 
.hem  to  any  part;  which  will  depend  upon  its  peculiar  circumstances 
it  the  time.    Such  local  changes  aj'c  continually  to  be  observed,  in  the 
.jirious  phases  of  normal  life,  as  well  as  in  diseased  states;  and  they  will 
;e  found  to  be  constantly  in  harmony  with  the  particular  condition  of  the 
rocesses  of  Nutrition,  Secretion,  &c.,  to  which  the  capillary  circulation 
jiinisters.    In  such  cases,  it  cannot  be  the  action  of  the  Heart  that  in- 
•l  eases  the  cahbre  of  the  vessels;  since  this  is  commonly  unaltered,  and  is 
tself  unable,  as  we  have  just  seen,  even  to  maintain  their  permeability, 
when  their  contractility  is  excited.    It  must,  therefore,  be  by  a  power 
'  I  (Crating  directly  through  themselves,  that  their  dilatation  is  effectefL 
The  minute  distribution  of  the  Sympathetic  nerve  upon  the  walls  of  the 
liberies,  the  known  pow^er  which  this  has  of  producing  contractions  in 
rheir  fibrous  coat  (§  51.3),  and  the  influence  of  mental  states  upon  their 
'imensions  (as  shown  in  the  phenomena  of  blushing  and  erection),  render 
.  t  liighly  probable  that  the  calibre  of  the  arteries  is  regulated  in  no  incon- 
-iderable  degree  through  its  intervention.  The  jjermanerd  dilatation,  how- 
ver,  which  is  seen  in  the  arteries  supplying  parts  that  are  undergoing 
iilargement,  must  be  due,  not  to  simple  dilatation  merely,  but  to  in- 
leased  nutrition;  since  we  find  that  their  walls  are  thickened  as  well  as 
A  tended.    And,  on  the  other  side,  when  slow  eon  traction  occurs  in  these 
iibes,  as  a  consequence  of  disease,  it  must  be  in  part  occasioned  by 
itrophy;  since  their  nutrition  is  so  much  diminished,  that  in  time  they 
ul most  entirely  disappear, — a  portion  of  a  large  artery  occasionally 
hrivelling  into  a  ligamentous  band. 

516.  The  purpose  served  by  the  Elasticity  of  the  Arteries,  is  one  of  a 
purely  physical  character;  its  effect  being  to  convert  the  intermitting 
impulses,  which  the  blood  receives  from  the  heart,  into  a  continuous 
cun-ent.    The  former  are  very  evident  in  the  larger  tmnks;  but  they 
diminish  with  the  subdivision  of  these,  until  they  entirely  disappear  in 
the  capillaries,  in  which  the  stream  is  usually  equable  or  nearly  so.  If 
a  powerful  force-pump  were  made  to  inject  water,  by  successive  strokes, 
into  a  system  of  tubes  with  unyielding  walls,  the  flow  of  fluid  at  the 
Farther  extremities  of  these  tubes  would  be  cis  much  interrupted  as 
its  entrance  into  them.    But  if  an  air-vessel  (like  that  of  a  fire-engine) 
||  were  placed  at  their  commencement,  the  flow  would  be  in  a  great 
legree  equalized;  since  a  part  of  the  force  of  each  stroke  would  be 
jjent  upon  the  compression  of  the  air  included  in  it;  and  this  force 
vould  be  restored  by  the  elasticity  of  the  air  during  the  interv^al, 
vhich  would  propel  the  stream,  until  directly  renewed  by  the  next 
impulse.    A  much  closer  imitation  of  the  natural  apparatus  would  be 
ifforded  by  a  pipe  which  had  elastic  walls  of  its  own;  thus  if  water  were 
ff^rced  by  a  syringe  into  a  long  tube  of  caoutchouc,  for  example,  the 
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stream  would  be  equalized  before  it  had  proceeded  fur.  This  effect  is 
found  to  be  accomplished,  at  any  point  of  the  Arterial  circulation,  in  a 
degree  proportionate  to  its  distance  from  the  Heart ;  and  in  this  mode  it 
is,  that  the  intermitting  force  of  the  ventricular  contraction  is  almost 
equably  distributed  over  the  whole  of  the  interval  between  one  systole 
and  another,  by  the  contraction  of  the  elastic  tubes  in  the  dilatation  of 
which  it  was  at  first  expended. — Another  effect  of  this  elasticity  is  to 
distribute  the  pressm-e  of  the  blood  upon  the  walls  of  the  arteries,  much 
more  equally  than  would  be  the  case  if  they  formed  a  system  of  rigid 
tubes.  For,  according  to  Volkmann,*  since  the  lateral  pressm-e  of  a 
liquid  moving  through  tubes  of  uniform  calibre  with  rigid  walls,  is  pro- 
portional to  the  resistance  to  be  overcome  at  each  point,  and  since  this 
resistance  depends  upon  the  adhesion  and  friction  between  the  liquid  and 
the  parietes  of  the  tube,  the  lateral  pressure  at  each  point  will  vaiy 
inversely  with  the  distance  of  that  point  from  the  discharging  orifice. 
Consequently,  if  the  arteries  constituted  a  system  of  rigid  tubes,  the 
pressure  on  their  walls  would  decrease  very  rapidly  in  passing  from  the 
heart  towards  their  peripheral  extremities.  Such,  however,  is  far  from 
being  the  case  (§  519). 

517.  The  distension  of  the  Arteries  consequent  upon  the  intermittent 
injection  of  blood  into  their  trunks,  and  the  subsequent  contraction  which 
results  from  the  elasticity  of  their  walls,  give  rise  to  the  pulsation  which 
is  perceptible  to  the  touch  in  all  but  the  smallest  arteries,  and  is  visible 
to  the  eye  when  they  are  exposed.  This  pulsation  involves  an  augmen- 
tation of  the  capacity  of  that  portion  of  the  artery  in  which  it  is  observed ; 
and  it  would  seem  to  the  toiich  as  if  this  were  chiefly  effected  by  au 
increase  of  diameter.  It  seems  fully  proved,  however,  that  the  increased 
capacity  is  chiefly  given  by  the  elongation  of  the  artery,  which  is  lifted 
from  its  bed  at  each  pulsation,  and,  when  previously  straight,  becomes 
curved;  the  impression  made  upon  the  finger  by  such  disjilacement  not 
being  distinguishable  from  that  which  woi.dd  result  from  the  dilatation 
of  the  tube  in  diameter.  A  very  obvious  example  of  this  ujDheaval  is 
seen  in  the  promineiit  temporal  artery  of  an  old  person.  The  total 
increase  of  capacity  was  estimated  by  Flourens,  from  experiments  upon 
the  carotid  artery,  at  about  1-2 3rd  part;  but  it  is  affirmed  by  Vollc- 
mann  (Op.  cit.,  chap,  xiv.)  that  this  must  not  be  considered  by  any 
means  a  constant  ratio,  suice  it  varies  in  different  arteries,  and  in  the 
same  artery  under  different  cir  cum  stances,  t — The  distension  of  the 
arteries  does  not  take  place  at  the  same  moment  over  the  whole  body, 
but  is  propagated  as  a  wave  from  the  coinmencement  to  the  point  of 

*  "  Hamodynamik,"  p.  38. 

+  The  experiments  of  Volkmann  have  led  him  to  believe,  that  the  transverse  dilatation  is 
greater  than  the  longitudinal ;  but  these  experiments  were  made  under  conditions  so  different 
from  those  of  the  living  artery,  that  but  little  weight  can,  in  the  Author's  opinion,  be  attached 
to  them.  It  is  to  be  remembered,  however,  that  every  increase  in  length  augments  the  capa- 
city only  in  a  simple  ratio  ;  thus  a  tube  of  21  inches  in  length  will  only  contain  one-iiveMeth 
more  than  a  tube  of  20  inches  long,  of  the  same  diameter.  On  the  other  hand,  every  increase 
in  diameter  augments  the  capacity  of  the  tube  in  the  ratio  of  the  square  of  that  increase ; 
thus  the  capacity  of  a  tube  of  21  lines  in  diameter  will  be  to  that  of  a  tube  of  20  lines.as 
441 :  400,  or  one-tenth  more.  Consequently,  supposing  the  increase  of  cajxtcity  to  take  place 
equally  in  both  directions,  the  increase  in  longitudinal  dinmision  will  be  far  more  apparent 
than  the  transverse  enlargement. 
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lischarge.    The  passage  of  this  wave  was  considered  by  Prof.  E.  H.  Weber 

0  be  distinct  from  the  act  of  propulsion  of  the  fluid ;  but  it  has  been 
hown  by  Volkmann  (Op.  cit.,  chap,  x.)  that  they  are  one  and  the  same. 
Fe  has  farther  shown  that  two  systems  of  waves  arise,  when  a  fluid  is 
riven  through  an  elastic  tube  by  intermitting  impulses;  one  of  these 
toing  in  the  fluid,  and  the  other  in  the  walls  of  the  tube.  These  may 
n-opagate  themselves  with  different  velocities,  and  thus  two  undulations 
nay  result  from  one  impulse.  This  want  of  coincidence  between  the  two 
.vaves  is  probably  the  explanation  of  the  dichrotous  pulse,  often  observable 
11  convalescence  from  fevers  and  other  diseases  after  the  subsidence  of 
V  ascular  excitement. — That  a  certain  time  is  required  for  the  transmission 
if  the  pulse- wave  from  the  heart  to  the  periphery  of  the  circulation,  is 
iroved  by  the  want  of  synchronism  between  the  ventricular  systole  and 
he  pulsation  of  the  arteries  in  various  parts  of  the  body,  the  difference 
arying  according  to  their  distance  from  the  heart.  A  considerable  di ver- 
ity in  the  amount  of  this  interval  is  observable  in  different  states  of  the 
irterial  system ;  for,  as  Dr.  C.  J.  B.  Williams  has  pointed  out,*  when  the 
ijuicity  is  in  excess,  the  arteries  approach  the  condition  of  rigid  tubes, 
lud  the  pulse  at  the  wiist  is  almost  exactly  synchronous  with  the  heart's 
leat;  whilst,  if  the  tonicity  be  defective,  the  radial  pulse  is  felt  at  a 
ong  interval  after  the  heart's  beat,  and  the  difference  is  still  more  per- 
•eptible  when  the  pulse  is  examined  in  the  feet.    The  longest  interval  in 

1  state  of  health  seems  to  be  between  l-6th  and  l-7th  of  a  second. 

518.  The  rate  of  movement  of  the  blood  in  the  Arteries  can  only  be 
:uessed-at,  as  regards  the  Human  subject,  from  the  comparative  results 
f  experiments  upon  the  lower  animals.  It  is  stated  by  Volkmann 
Op.  cit.  p.  196)  that  the  average  velocity  of  the  current  in  the  carotids 
r'  a  considerable  number  of  Mammals  which  he  examined,  was  about 

00  millim.,  or  nearly  12  inches,  per  second;  that  the  velocity  is  gi-eater 
11  the  arteries  lying  near,  than  in  those  at  a  'distance  from  the  heart ; 
hat  it  is  not  increased  by  an  augmentation  in  the  number  of  pulsa- 
ions;t  but  that  it  is  greatly  augmented  by  an  increase  in  the  volume  of 
he  blood,  and  lessened  by  its  diminution.  It  appears  from  the  observa- 
:ons  of  the  Profrs.  Weber  already  referred-to  (§  513),  that  the  velocity 
indergoes  a  marked  increase  in  branches  of  arteries  whose  diameter  has 
ludergone  diminution  by  the  contraction  of  their  walls,  the  acceleration 

*  "  Principles  of  Medicine,"  2nd  edit.,  pp.  76,  77. — Dr.  Williams  mentions,  what  the 
nthor  has  himself  noticed,  that  the  radial  pulse,  in  cases  of  deficient  tonicity,  is  sometimes 

t  after  the  second  sound  of  the  heart  is  heard;  a  fact  that  negatives  the  doctrine  of  the 
ilse  put  forward  by  Mr.  Colt  ("  Medical  Gazette,"  vol.  xxxvi.  p.  456),  which  was  founded 
'  the  assumption  that  the  pulse  is  perceived  in  every  part  of  the  arterial  system  previous  to 
occurrence  of  the  second  sound  of  the  heart,  that  is,  before  the  closure  of  the  aortic 

Ives.    The  Author  has  a  very  distinct  recollection  of  a  case  which  he  witnessed  when  a 

I'lent  in  the  Middlesex  Hospital,  in  which  the  radial  pulse,  though  actually  synchronous 
ith  the  heart's  beat,  was  really  dependent  upon  the  preceding  ventricular  systole  ;  the  whole 

1  the  interval  between  one  systole  and  another  being  required  for  the  transmission  of  the 
iilse-wave  from  the  heart  to  the  wrist,  as  was  proved  by  tracing  it  from  the  centre  towards 

periphery  of  the  arterial  system.  Now  in  this  case,  if  the  marked  want  of  synchronism 
iween  the  pulse  at  the  wrist  and  in  the  neck  had  not  excited  attention,  the  synchronism 
tween  the  radial  pulse  and  the  heart's  beat  would  have  passed  as  an  ordinary  occurrence 
■itead  of  being  a  very  extraordinary  phenomenon.  ' 
t  On  this  very  important  point,  the  observations  of  Volkmann  are  in  full  accordance  with 
'!  results  of  some  of  Hering's  experiments  performed  with  special  reference  to  it  ($  509). 
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being  proportionate  to  the  narrowing  of  the  tube,  as  might  a  'priori  be 
expected ;  a  gradual  retardation  took  place  with  the  return  of  the  artery 
to  the  original  diameter;  and  when,  as  sometimes  happened,  the  vessel 
dilated  to  more  than  its  former  dimensions,  a  positive  diminution  in  the 
rate  of  movement  of  the  blood  was  observable. 

519.  The  lateral  pressure  of  the  blood  against  the  walls  of  the  arteries 
was  affirmed  by  Poisseuille  to  be  equal  throughout  the  whole  arte- 
rial system;  but  the  more  accui'ate  experiments  of  Volkmann  (made 
with  Ludwig's  '  kymographion,'  which  is  a  fai-  more  trustworthy  instm- 
meut  than  the  '  hsemadjTiamometer '  of  Poisseuille)  have  shown  that  this 
is  far  from  being  correct.  The  pressm-e  of  the  blood,  he  remarks,  is  no 
constant  magnitude,  but  is  incessantly  changing  according  to  the  sti'oke 
of  the  heai't,  the  movements  of  respiration,  and  the  muscular  actions  of 
the  body  generally.  A  gradual  diminution  of  its  amount,  however,  may 
be  nearly  constantly  tiuced  from  the  commencement  of  the  arterial  to 
the  termination  of  the  venous  system ;  and  this  is  to  be  partly  accounted 
for  by  the  increase  in  the  calibre  of  the  vasciQar  system,  which  takes 
place  as  we  pass  from  the  arterial  trunks  to  their  ramifications  (§  512), 
and  still  more  from  the  ai'terial  to  the  venous  system  (§  530);  and  partly 
by  the  diminution  of  resistance  (which  is  the  essential  cause  of  the  lateiul 
pressure)  as  the  blood  moves  onw^ards  towards  its  point  of  discharge 
(§  51G).  The  following  table  presents  the  results  of  Volkmann's  observa- 
tions (Op.  cit.  p.  173)  upon  the  relative  lateral  pressure  at  four  points  o 
the  circulation  in  different  animals,  namely  (i.)  the  carotid  ueai-  its  origin, 
(ii.)  a  peripheral  branch  of  the  carotid  or  somp  other  artery,  (iii.)  a  peii 
pheral  rootlet  of  a  vein,  and  (iv.)  the  jugular  vein. 

I.  11.  HI.  r  IV. 

Goat  .  .     135  126  41  18 

Horse    .  .  122  97  44  21-5 

CiUf        ^  .  .     165-5  146  27-5  9  ' 

A  blood-pressure  equivalent  to  a  column  of  mercury  160  millim. 
(6-3  inches)  in  height  was  assumed  by  Poisseuille  as  the  standard  for  al 
arteries  and  for  all  Mammalia,  and  therefore  (by  inference)  for  Man.  Il 
has  been  shown  by  Ludwig  and  Volkmann,  however,  that  the  range 
variation  is  very  wide,  being  in  the  carotid  of  the  horse  fi-om  150  to  321 
and  being  not  less  in  other  animals.  Hence  it  is  obvious  that  no  precise 
specification  can  be  laid-down  upon  this  point. 

4.  Motion  of  the  Blood  in  the  Cajoillaries. 

520.  We  now  come  to  the  last  head  of  the  inquiry  into  the  powei 
which  convey  the  blood  through  the  capillary  system; — that,  namel 
Avhich  concerns  the  agencies  existing  in  the  Capillai-ies  themselves.  Man 
discussions  on  this  subject  may  be  found  in  Physiological  witings :  mi 
it  has  so  immediate  a  bearing  on  one  of  the  most  important  questions  i| 
Pathology, — the  nature  of  Inflammation, — that  it  desei-\^es  the  fullef| 
attention.    The  chief  question  in  debate,  is  the  degree  in  which  tW 
Capillary  circulation  is  influenced  by  any  other  agency  than  the  coi 
tractile  power  of  the  Heart  and  Arterial  system;  some  Physiolo,-i> 
maintaining,  that  this  alone  is  sufficient  to  account  for  all  the  pheuonn-  i 


MOTION  OF  THE  BLOOD  IN  THE  CAPILLARIES. 


495 


(if  the  Capillary  circulatiou;  and  others  asserting,  that  it  is  necessary  to 
:ulmit  some  supplementary  force,  which  may  be  exerted  either  to  assist, 
u'tard,  or  regulate  the  flow  of  blood  from  the  Arteries  into  the  Veins. 
W'e  shall  first  consider  what  evidence  there  is  of  the  existence  of  any  such 
'( tree ;  and,  when  led  to  an  afi&rmative  conclusion,  we  shall  examine  into 
[s  natiu-e. — No  physiological  fact  seems  to  the  Author  to  be  more  clearly 
jiroved,  than  the  existence,  in  the  lower  classes  of  Animals,  as  well  as  in 
Plants,  of  some  power  independent  of  a  vis  d  tergo,  by  which  the  nutri- 
tive fluid  is  caused  to  move  through  their  vessels.*    This  power  seems  to 
originate  in  the  circulation  itself,  and  to  be  closely  connected  with  the  state 
of  the  Nutritive  and  Secreting  processes :  since  anything  which  stimulates 
these  to  increased  energy,  accelerates  the  movement]  whilst  any  check  to 
them  occasions  a  corresponding  stagnation.    It  may  be  convenient  to 
designate  this  motor  force,  by  the  name  of  ccqnllary  'power;  it  being 
clearly  understood,  however,  that  no  mechanical  propulsion  is  thence 
implied.    On  ascending  the  Animal  scale,  we  find  the  power  which,  in 
the  lower  organisms,  is  diffused  through  the  whole  system,  gradually  con- 
.•entrated  in  a  single  part ;  a  new  force,  that  of  the  Heart,  being  brought 
into  operation,  and  the  Circulation  placed,  in  a  greater  or  less  degree, 
aider  its  control.    Still  there  is  evidence,  that  the  movement  of  blood 
through  the  capillaries  is  not  entirely  due  to  .this;  since  it  may  continue 
ifter  the  cessation  of  the  Heart's  action,  may  itself  cease  in  particular 
-u'gans  when  the  Heart  is  still  acting  vigorously,  and  is  constantly  being 
iffected  in  amount  and  rapidity,  by  causes  originating  in  the  part  itself, 
lid  in  no  way  affecting  the  Hettrt. — The  chief  proofs  of  these  statements 
will  now  be  adverted  to. 

521.  When  the  flow  of  blood  through  the  Capillaries  of  a  transparent 
l)art,  such  as  the  web  of  a  Frog's  foot,  is  observed  with  the  Microscope,  it 
iiippears  at  first  to  take  place  with  great  evenness  and  regularity.    But  on 
watching  the  movement  for  some  time,  various  changes  may  be  observed, 
r  which  cannot  be  attributed  to  the  Heart's  influence,  and  which  show  that 
:  a  certain  regulating  or  distributive  power  exists  in  the  walls  of  the  capil- 
i'.aries,  or  in  the  tissues  which  they  traverse.    Some  of  these  changes, 
[  .nvolving  variations  in  the  size  of  the  capillary  tubes,  have  been  already 
irefen-ed  to  (§  292).    Others,  however,  are  manifested  in  great  and  sudden 
i alterations  in  the  velocity  of  the  current;  which  cause  a  marked  dif- 
'ference  in  the  rates  of  the  movement  of  the  blood  through  the  several 
t'parts  of  the  area  under  observation.    Sometimes  this  variation  extends 
^even  to  the  entu-e  reversal,  for  a  time,  of  the  direction  of  the  movement, 
in  certain  of  the  transverse  or  communicating  branches;  the  flow  always 
•taking  place,  of  course,  from  the  stronger  towards  the  weaker  current. 
'  Not  unfrequently,  an  entire  stagnation  of  the  current  in  some  particular 
I  tube,  precedes  this  reversal  of  its  direction.    Irregularities  of  this  kind, 
I  however,  arc  more  frequent  when  the  Heart's  action  is  partly  interrupted ; 
'as  it  usually  is  by  the  pressure  to  which  the  tadpole  or  other  animal 
must  be  subjected,  is  order  to  allow  microscopic  observations  to  be  made 
upon  its  circulation.    Under  such  circumstances,  the  varieties  in  the 
I  capillary  circulation,  induced  by  causes  purely  local,  become  very  con- 
spicuous; for  when  the  whole  current  is  nearly  stagnated,  and  a  fresh 

*  See  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  chap.  .xii. 
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impulse  from  the  heart  renews  it,  the  movement  is  not  by  any  means 
miiform  (as  it  might  have  been  expected  to  be)  through  the  whole  plexus 
supplied  by  one  arterial  trunk,  but  is  much  greater  in  some  of  the  tul)es 
than  it  is  in  others ;  the  variation  being  in  no  degree  connected  with  their 
size,  and  being  very  different  at  short  intervals. 

522.  The  movement  of  the  blood  in  the  Capillai'ies  of  cold-blooded 
animals,  after  complete  excision  of  the  Heart,  has  been  repeatedly  wit- 
nessed. In  warm-blooded  animals,  this  cannot  be  satisfactorily  estab- 
lished by  experiment,  since  the  shock  occasioned  by  so  severe  an  opera- 
tion much  sooner  destroys  the  general  vitality  of  the  system ;  but  it  may 
be  proved  in  other  ways  to  take  place.  After  most  kinds  of  natural 
death,  the  ai-terial  system  is  found,  subsequently  to  the  lapse  of  a  few 
hours,  almost  or  comiDletely  emptied  of  blood;  this  is  partly,  no  doubt, 
the  effect  of  the  tonic  contraction  of  the  tubes  themselves;  but  the 
emptying  is  commonly  more  complete  than  could  be  thus  accounted-for, 
and  must  therefore  be  partly  due  to  the  continuance  of  the  capillary 
circulation.  It  has  been  observed  by  Dr.  Bennett  Dowlei*,*  that  in  the 
bodies  of  individuals  who  have  died  from  yellow  fever  (such  as  exhibited 
the  remarkable  jjost-mortem  movements  already  noticed,  §  328),  the 
external  veins  frequently  become  so  distended  with  blood  tvithin  a  few 
mimites  after  the  cessation  of  the  heart's  action,  that,  when  they  are 
opened,  the  blood  flows  in  a  good  stream,  being  sometimes  projected  to 
the  distance  of  a  foot  or  more,  especially  when  pressure  was  apphed  above 
the  punctm'e,  as  in  ordinaiy  blood-letting.  It  is  not  conceivable  that 
the  slowly-acting  tonicity  of  the  arteries  should  have  prodiiced  such  a 
result  as  this;  which  can  scarcely,  therefore,  be  attributed  to  anything 
else  than  the  sustenance  of  the  capillary  circulation  by  forces  generated 
within  itself  Further,  it  has  been  well  ascertained  that  a  real  process 
of  secretion  not  unfrequently  continues  after  general  or  somatic  death; 
urine  has  been  poured  out  hj  the  ureters,  sweat  exuded  from  the  skin, 
and  other  peciiliar  secretions  formed  by  their  glands ;  and  these  changes 
could  scarcely  have  taken  place,  unless  the  capillary  circulation  were  stiU 
continuing.  In  the  eaidy  embryonic  condition  of  the  highest  animals, 
the  movement  of  blood  seems  to  be  unquestionably  due  to  some  dif- 
fused power,  independent  of  any  central  impidsion;  for  it  may  be  seen 
to  commence  in  the  Vascular  Area,  before  it  is  subjected  to  the  influence 
of  the  Heai't.  The  first  movement  is  towards,  instead  of  from,  the  centre ; 
and  even  for  some  time  after  the  circulation  is  fairly  established,  the  waUs 
of  the  Heart  consist  merely  of  cells  loosely  attached  together,  and  can 
hardly  be  supposed  to  have  any  great  contractile  power. 

523.  The  last  of  these  facts  may  be  said  not  to  have  any  direct  bearing 
on  the  question,  whether  the  '  capillary  power '  has  any  existence  in  the 
adult  condition ;  but  the  phenomena  occasionally  presented  by  the  foetus, 
at  a  later  stage,  appear  decisive.  Cases  are  of  no  very  unfrequent  occur- 
rence, in  which  the  heai-t  is  absent  during  the  whole  of  embryonic  life, 
and  yet  the  greater  part  of  the  organs  are  well  developed.  In  most  or  all 
of  these  cases,  it  is  true,  a  perfect  twin  foetus  exists,  of  which  the  placenta 
is  in  some  degree  united  with  that  of  the  imperfect  one ;  and  it  has  been 

*  "  Researches,  Critical  and  Experimental,  on  the  Capillary  Circulation,"  reprinted  from 
the  "  New  Orleans  Medical  and  Surgical  Journal,"  Jan.  1849. 
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customaiy  to  attribute  the  circulatioii  in  the  latter  to  the  influence  of  the 
heart  of  the  former,  propagated  through  the  placental  vessels.  This  sup- 
position has  not  been  disproved  (however  improbable  it  might  seem)  until 
recently;  when  a  case  of  this  kind  occurred,  which  was  submitted  to  the 
most  careful  examination  by  an  accomplished  anatomist;"'  and  this  deci- 
sive residt  was  obtained,  that  it  seemed  impossible  for  the  heart  of  the 
twin  fostus  to  have  occasioned  the  movement  of  blood  in  the  imperfect 
one,  and  that  some  cause  present  in  the  latter  must  have  been  sufficient 
for  the  propulsion  of  blood  through  its  vessels.  It  was  a  very  curious 
anomaly  in  this  case,  that  the  usual  functions  of  the  arteries  and  veins 
must  have  been  reversed ;  for  the  Vena  Cava,  receiving  its  blood  from  the 
umbilical  vein  nearly  as  usual,  had  no  communication  with  the  Arterial 
system  (the  Heart  being  absent,)  except  through  the  systemic  capillaries; 
to  which,  therefore,  the  blood  must  have  next  proceeded,  returning  to  the 
placenta  by  the  umbilical  artery.  This  view  of  the  course  of  the  blood 
was  confirmed  by  the  fact,  that  the  veins  were  everywhere  destitute  of 
valves. — It  is  evident  that  a  single  case  of  this  kind,  if  unequivocally 
demonstrated,  fm-nishes  all  the  proof  that  can  be  needed,  of  the  existence, 
even  in  the  highest  animals,  of  a  '  capillaiy  power ;'  which,  though  usually 
subordinate  to  the  Heait's  action,  is  sufficiently  strong  to  maintain  the 
cu'culatiou  by  itself,  when  the  power  of  the  central  organ  is  diminished. 
In  this,  as  in  many  other  cases,  we  may  observe  a  remarkable  capability  in 
the  living  system,  of  adapting  itself  to  exigencies.  In  the  acardiac  Foetus, 
the  'capillary  power'  supplies  the  place  of  the  Heart,  up  to  the  period  of 
birth ;  after  which,  of  course,  the  circulation  ceases,  for  want  of  due 
aeration  of  the  blood.  It  has  occasionally  been  noticed,  that  a  gradual 
degeneration  in  the  structure  of  the  Heart  has  taken  place  during  life,  to 
such  an  extent  that  scarcely  any  muscular  tissue  could  at  last  be  detected 
lu  it,  but  without  any  such  interruption  to^the  circulation  as  must  have 
been  anticipated,  if  this  organ  furnished  the  sole  impelling  force. 

524.  Fmlher,  it  is  a  general  principle,  unquestioned  by  any  Physio- 
logist, and  embodied  in  the  ancient  aphorism  Ubi  stimulus  ihijluxus,  that, 
when  there  is  any  local  excitement  to  the  processes  of  Nutrition,  Secre- 
tion, &c.,  a  determination  of  blood  towards  the  part  speedily  takes  place, 
and  the  motion  of  blood  through  it  is  increased  in  rapidity ;  and  although 
it  might  be  urged,  that  this  increased  determination  may  not  be  the 
effect,  but  the  cause,  of  the  increased  local  action,  such  aii  opinion  could 
not  be  sustained  without  many  inconsistencies  with  positive  facts.  For 
it  IS  known  that  such  local  determinations  may  take  place,  not  only  as  a 
part  of  the  regular  phenomena  of  growth  and  development  (as  in  the 
case  of  the  entire  genital  system  at  the  time  of  puberty  and  of  periodical 
heat,  the  uterus  after  conception,  and  the  mammas  after  parturition), 
but  also  as  a  consequence  of  a  strictly  local  cause.  Thus,  the  student  is 
well  aware  that,  after  several  hours'  close  application,  there  is  commonly 
an  increased  determination  of  blood  to  the  brain,  caiising  a  sense  of 
oppression,  a  feeling  of  heat,  and  frequently  a  diminished  action  in  other 

•  See  Dr.  Houston  in  the  "  Duhlin  Medical  Journal,"  An  attempt  was  made  by 

Dr.  M.  Hall  Edinb.  Monthly  .Journal,"  11)43)  to  disprove  Dr.  Houston's  inferences;  but 
a  most  satisfactory  reply  was  given  by  Dr.  Houston,  at  the  Meeting  of  the  British  Associa- 
tion, August,  l!!4ij,  and  published  in  tlie  "  Dublin  Journal,"  Jan.,  1844.  See  also  "  Edinb. 
Med.  and  Surg.  Jouru.,"  July,  U!44. 
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parts ;  and,  again,  when  the  capillary  circulation  is  being  examined  under 
the  microscope,  it  is  seen  to  be  quickened  by  moderate  stimuli,  and 
to  be  equally  retarded  by  depressing  agents.  AH  these  facts  hai-monise 
completely  with  the  phenomena,  which  are  yet  more  striking  in  the  lower 
classes  of  organized  beings,  and  which  are  evidently  in  accordance  with 
the  same  laws. 

525.  It  is  equally  capable  of  proof,  on  the  other  hand,  that  an  in- 
fluence generated  in  the  Capillaries  may  afford  a  complete  check  to  the 
circulation  in  the  part;  even  when  the  Heart's  action  is  unimpaired,  and 
no  mechanical  impediment  exists  to  the  transmission  of  blood.  Thus, 
cases  of  spontaneous  gangrene  of  the  lower  extremities  are  of  no  unfre- 
<iuent  occurrence,  in  which  the  death  of  the  solid  tissues  is  clearly  con- 
nected with  a  local  decline  of  the  circulation ;  and  in  which  it  has  been 
shown,  by  examination  of  the  limb  after  its  removal,  that  both  the 
larger  tubes  and  the  capillaries  were  completely  pervious;  so  that  the 
cessation  of  the  flow  of  blood  could  not  be  attributed  to  any  impediment, 
except  that  arising  from  the  cessation  of  some  power  which  exists  in  the 
capillaries,  and  which  is  necessary  for  the  maintenance  of  the  current 
through  them.  The  influence  of  the  prolonged  application  of  Cold  to  o 
part,  may  be  quoted  in  support  of  the  same  general  proposition;  for, 
altliough  the  calibre  of  the  vessels  may  be  diminished  by  this  agent,  yet 
their  contraction  is  not  sufficient  to  account  for  that  complete  cessation 
of  the  flow  of  blood  through  them,  which  is  well  known  to  occur,  and  to 
terminate  in  the  loss  of  their  vitality.  The  most  remarkable  evidence  on 
this  point,  however,  is  derived  from  the  phenomena  of  Asjyhi/xia,  which 
will  be  more  fully  explained  in  the  succeeding  Chapter  (Sect.  3).  At  pre- 
sent it  may  be  stated  as  a  fact,  which  has  now  been  very  satisfactorily 
ascertained,  that,  if  admissioi:i  of  air  into  the  lungs  be  prevented,  the  cir- 
culation through  them  will  be  brought  to  a  stand,  as  soon  as  the  air  which 
they  contain  has  been  to  a  great  degree  deprived  of  its  oxygen,  or  rather 
has  become  loaded  with  cai'bonic  acid ;  and  this  stagnation  will,  of  com-se, 
be  communicated  to  all  the  rest  of  the  system.  Yet,  if  it  have  not  con- 
tinued sufficiently  long  to  cause  the  loss  of  vitality  in  the  nervous 
centres,  the  movement  may  be  renewed  by  the  admission  of  air  into  the 
lungs.  Now,  although  it  has  been  asserted,  that  the  stagnation  is  due  to 
a  mechanical  impediment,  resulting  from  the  contracted  state  of  the 
lungs  in  such  cases,  this  has  been  clearly  proved  not  to  be  the  fact,  by 
causing  animals  to  breathe  a  gas  destitute  of  oxygen,  so  as  to  produce 
Asphyxia  in  a  different  manner;  for  the  same  stagnation  results,  as  iu 
the  other  case. 

526.  If  the  phenomena  which  have  been  here  brought  together,  be 
considered  as  establishing  the  existence,  in  all  classes  of  beings  possessing 
a  circulating  apparatus,  of  a  '  Capillary  power,'  which  affords  a  necessary 
condition  for  the  movement  of  the  nutritious  fluid,  through  those  parts  in 
which  it  comes  into  more  immediate  relation  with  the  solids,  the  question 
still  remains  open,  what  is  the  nature  of  that  power. — It  is  very  doubtful 
whether  the  Capillaries  possess  true  contractility;  for  although  their 
diameter  is  subject  to  great  variation,  yet  this  may  be  due  simply  to  the 
elasticity  of  their  walls,  which  tends  to  keep  them  constantly  contracted 
upon  the  stream  of  blood  that  passes  through  them ;  and  there  is  no 
adequate  proof  that  the  alterations  in  their  size,  which  are  consequent 
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upon  the  local  application  of  stimuli,  proceed  from  any  other  source  than 
the  alteration  in  the  quantity  of  blood  delivered  to  them  by  the  minute 
arteries,  the  very  considerable  altei'ations  in  whose  calibre  under  such 
influences  have  been  ah-eady  described  (§  513).    In  the  experiments  of 
the  Profrs.  Weber  (loc.  cit.)  the  application  of  the  electric  stimulus  to  the 
capillaries  produced  no  change  in  their  diameter.    Even  supposing  the 
capillaries,  however,  to  possess  such  an  independent  contractility,  this 
could  not  exert  itself  in  aiding  the  flow  of  blood  through  them,  except 
either  by  rhythmical  alternations  of  contraction  and  dilatation,  or  by 
some  kind  of  peristaltic  movement;  and  observation  completely  negatives 
the  idea  of  the  existence  of  any  such  movement,  since  the  stream  of 
blood,  now  rendered  continuous  by  the  elasticity  of  the  arteries,  passes 
tlu-ough  the  capillaiies  as  tlu'ough  tubes  of  glass.    Hence  the  notion  of 
any  mechanical  assistance,  afforded  by  the  action  of  the  walls  of  the 
Capillaries  to  the  movement  of  blood  through  them,  must  be  altogether 
dismissed. — There  is  experimental  evidence,  however,  that  the  movement 
of  the  blood  may  be  affected  by  any  agency  which  alters  the  chemico- 
vital  relations  between  the  blood  and  the  tissues  which  it  permeates. 
Thus,  when  the  interrupted  electric  cuiTent  was  applied  to  the  capillaries 
by  the  Profrs.  Weber,  they  noticed  that  the  blood-corpuscles  showed  a 
remarkable  tendency  to  adhere  to  each  other  and  to  ibhe  walls  of  the 
vessels,  so  as  to  produce  a  gi'eat  amount  of  friction  and  a  consequent 
retardation;  the  continual  arrival  of  new  corpuscles  thus  produces  an 
accumulation  which  completely  fills  the  vessels  of  the  part,  and  thus 
occasions  a  total  stagnation ;  but  this  gives  place  to  the  renewal  of  the 
cuiTent,  by  the  dispersion  of  the  corjjuscles,  soon  after  the  withdrawal  of 
the  stimulus.    A  very  similar  set  of  phenomena  has  been  observed  by 
Mr.  AVharton  Jones,*  as  the  consequence  of  the  direction  of  a  stream  of 
carbonic  acid  against  the  caj)illary  network.  .  And  the  depression  of  the 
vitality  of  the  part,  by  such  injuries  as  tend  to  excite  Inflammation  in  it, 
produces  a  like  stagnation.    This  effect  cannot  be  attributed  to  mechani- 
cal obstruction  in  the  vessels,  for  they  are  usually  dilated,  rather  than 
contracted,  when  this  condition  exists;  and  without  any  change  in  the 
dimensions  of  a  tube,  the  stream  of  blood  through  it  may  be  seen 
decreasing  from  extreme  velocity  to  complete  stagnation. t — That  altera- 
tions in  the  chemical  state  of  the  blood  (involving,  of  course,  important 
changes  in  its  vital  properties)  are  capable  of  exercising  a  most  imj)ort- 
ant  effect  on  the  Capillary  circulation,  is  shown,  not  merely  by  the  stag- 
nation of  the  pulmonary  Circulation  in  Asphyxia  (§  574),  but  by  the 
cm-ious  fact  ascertained  by  Dr.  J.  Reid,|  that  the  blood,  when  imperfectly 
artei-ialised,  is  retarded  in  the  systemic  capillaries,  causing  an  increased 
pressure  on  the  walls  of  the  arteries.    He  found  that,  when  the  ingress 
of  air  through  the  trachea  of  a  Dog  was  prevented,  and  the  Asj)hyxia 
was  proceeding  to  the  stage  of  insensibility, — the  attempts  at  inspira- 
tion being  few  and  laboured,  and  the  blood  in  an  exposed  artery  being 

*  "  Brit,  and  For.  Med.  Review,"  vol.  xiv.  p.  600. 

+  See  Mr.  Paget,  loc.  cit.,  p.  071.  —  The  Autlior  had  long  previously  satisfied  himself 
that  such  was  the  fact  ;  and  is  glad  to  be  able  to  cite  the  far  more  extended  observations  of 
Mr.  Paget  on  this  point,  in  confirmation  of  his  own. 

+  "Edinb.  Med.  and  Surg.  .Journ.,"  April,  in41  ;  and  "Anat.,  Phys,,  and  Pathol  Re- 
searches," chap.  ii. 
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quite  venous  in  its  character, — the  pressure  upon  the  arterial  walls,  as 
indicated  by  the  ha^madynamomcter  apphed  to  the  femoral  artery,  was 
much  greater  than  usual.  Upon  applying  a  similar  test  to  a  vein,  how- 
ever, it  was  found  that  the  pressm-e  was  proportionably  diminished; 
whence  it  became  apparent,  that  there  was  an  unusual  obstruction  to  the 
passage  of  venous  blood  through  the  systemic  capillaries.  After  this 
period,  however,  the  mercuiy  in  the  hasmadynamometer  applied  to  the 
artery  began  to  fall  steadily,  and  at  last  rapidly,  in  consequence  of  the 
diminished  force  of  the  heart,  and  the  retardation  of  the  blood  in  the 
pulmonic  capillaries ;  but,  if  atmospheric  air  was  admitted,  the  mercuiy 
rose  instantly,  showing  that  the  renewal  of  the  proper  chemical  state  of 
the  blood,  restored  the  condition  necessary  for  its  circulation  through  the 
caiDillaries.* 

527.  It  appears  from  the  preceding  facts,  that  the  conditions  under 
wliich  the  j)ower  in  question  uniformly  operates,  may  be  thus  simply  and 
definitely  expressed:  Whilst  the  injection  of  blood  into  the  Capillaiy 
vessels  of  eveiy  piu't  of  the  system,  is  due  to  the  action  of  the  Heart,  its 
rate  of  passage  throngh  those  vessels  is  greatly  modified  by  the  degi'ee  of 
activity  in  the  processes,  to  which  it  should  normally  be  subservient  in 
them ; — the  cuirent  being  rendered  more  rapid  by  an  increase  in  their 
activity,  and  being  stagnated  by  their  depression  or  total  cessation.  Or  at 
any  rate,  to  use  the  more  gnarded  language  of  Mr.  Paget  (loc.  cit.),  "we 
have  facts  enough  to  justify  such  an  liypothesis,  as  that  there  may  be 
some  mutual  relation  between  the  blood  and  its  vessels,  or  the  parts 
around  them,  whicli,  being  natural,  permits  the  most  easy  transit  of  the 
blood,  but,  being  disturbed,  increases  the  hindrances  to  its  passage." — A 
physical  principle  wliich  has  been  put  forth  by  Prof  Draper,t  which 
seems  quite  adequate  to  ex])lain  these  phenomena.  It  seems  fully  cajDa- 
ble  of  proof  that  "  if  two  liquids  communicate  with  one  another  in  a 
capillaiy  tube,  or  in  a  porous  or  parenchymatous  structure,  and  have 
for  that  tube  or  structure  different  chemical  affinities,  movement  will 
ensue ;  that  liquid  which  has  the  most  energetic  affinity  will  move  with 
the  greatest  velocity,  and  may  even  drive  the  other  liquid  before  it." 
Now  Arterial  blood, — containing  oxygen  with  which  it  is  ready  to  pai-t, 
and  being  prepai'ed  to  receive  in  exchange  the  cai'bonic  acid  which  the 
tissues  set  free, — must  obviously  have  a  greater  affinity  for  those  tissues, 
than  Venous  blood,  in  which  both  these  changes  have  already  been 
effected.  Consequently,  upon  mere  physical  principles,  the  arterial  blood 
which  enters  the  Systemic  capillaries  on  one  side,  must  drive  before  it, 
and  expel  on  the  other  side  of  the  network,  the  blood  which  has  become 
venous  whilst  traversing  it ;  but  if  the  blood  which  enters  the  capUlaries 
have  no  such  affinity,  no  such  motor  power  can  be  developed. — On  the 
otlier  hand,  in  the  Pulmonary  capillaries  the  opposite  affinities  prevail. 
The  venous  blood  and  the  air  in  the  cells  of  the  lungs  have  a  mutual 
attraction,  which  is  satisfied  by  the  exchange  of  oxygen  and  carbonic 

*  This  last  fact  (as  Dr.  Reid  has  rcmafked)  is  sufficient  to  negative  the  idea  of  Mr. 
Erichsen,  that  the  obstruction  is  caused  by  the  contraction  of  the  capillaries  under  the 
stimulus  of  venous  blood  ("  Edinb.  Med.  and  Surg.  Journ.,"  Jan.,  1«45);  for  all  experiments 
agree  in  showing  that  such  contraction  can  only  be  e.xcited  by  the  application  of  a  stimulus 
for  some  minutes,  and  that  relaxation  takes  place  still  more  slowly  513). 

■j-  "Treatise  on  the  Forces  which  produce  the  Organization  of  Plants,"  pp.  22-41. 
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acid  that  takes  place  through  the  walls  of  the  capillaries ;  and  when  the 
blood  has  become  ai'terialised,  it  no  longer  has  any  attraction  for  the  air. 
Upon  the  very  same  principle,  therefore,  the  venous  blood  will  drive  the 
arterial  before  it,  in  the  pidmouary  capillaries,  whilst  resj)iration  is  pro- 
pei-ly  going  on :  but  if  the  supply  of  oxygen  be  interrupted,  so  that  the 
blood  is  no  longer  aerated,  no  change  in  the  affinities  takes  place  whilst  it 
traverses  the  capillary  net- work;  the  blood  continuing  venous,  still 
retains  its  need  of  a  change,  and  its  attraction  for  the  walls  of  the 
capillaries ;  and  its  egress  into  the  pulmonary  veins  is  thus  resisted,  rather 
than  aided,  by  the  force  generated  in  the  lungs. — The  change  in  the  con- 
dition of  the  blood,  in  regard  to  the  relative  proportions  of  its  oxygen 
and  carbonic  acid,  is  the  only  one  to  which  the  Pulmonary  circulation  is 
subservient;  but  in  the  Systemic  circulation,  the  changes  are  of  a  much 
more  complex  natm-e,  every  distinct  organ  attracting  to  itself  the  pecu- 
hai-  substances  which  it  requires  as  the  materials  of  its  own  nntiition, 
and  the  nature  of  the  affinities  thus  generated  being  consequently  diffisr- 
ent  in  each  case.  But  the  same  law  may  be  considered  to  hold  good  in 
all  instances.  Thus  the  ,blood  conveyed  to  the  Liver  by  the  portal  vein, 
contains  the  materials  at  the  expense  of  which  the  bile-secreting  cells  are 
develojDed ;  consequently  the  tissue  of  the  liver,  which  is  principally  made 
up  of  these  cells,  possesses  a  certain  degree  of  affinity  or  attraction  for 
blood  containing  these  materials ;  and  this  is  diminished,  so  soon  as  they 
have  been  di-awn  from  it  into  the  cells  around.  Consequently  the  blood 
of  the  portal  vein  will  drive  before  it,  into  the  hepatic  vein,  the  blood 
which  has  traversed  the  capillaries  of  the  portal  system,  and  which  has 
given  up,  in  doing  so,  the  elements  of  bile  to  the  solid  tissues  of  the 
liver. 

528.  It  can  be  scarcely  doubted  that  it  is  by  some  influence  exercised 
over  the  molecular  actions,  to  which  the  blood  is  subject  in  the  capillaries, 
that  the  Neiwous  system  can  operate  on  the  functions  of  Nutrition,  Secre- 
tion, &c.  (§§  381,  385);  and  this  influence  can  scarcely  be  considered  in 
any  other  light,  than  as  a  peculiar  manifestation  of  vital  force  (§  352). 
The  following  experiment  made  by  Dr.  Wilson  Philip,  exhibits  the  elfect 
of  'shock'  upon  the  capillary  circulation.  "The  web  of  one  of  the  hind 
legs  of  a  frog  was  brought  before  the  microscope ;  and  while  Dr.  Hastings 
observed  the  circulation,  which  was  vigorous,  the  brain  was  crushed  by 
the  blow  of  a  hammer.  The  vessels  of  the  web  instantly  lost  their  power, 
the  circulation  ceasing;  an  effect  which  cannot  arise,  as  we  have  seen, 
from  the  ceasing  of  the  action  of  the  heart.  [Dr.  P.  here  refers  to  experi- 
ments, by  which  it  was  ascertained,  that  the  circulation  in  the  capillary 
vessels  of  the  frog  will  continue  for  several  minutes,  after  the  interruption 
of  the  heart's  action.]  In  a  short  time  the  blood  again  began  to  move, 
but  with  less  force.  This  experiment  was  repeated,  with  the  same  result. 
If  the  brain  is  not  completely  crushed,  although  the  animal  is  killed,  the 
blow,  instead  of  destroying  the  circulation,  increases  its  rapidity. We 
are  not  hence  to  conclude,  however,  that  the  Nervous  system  supplies  any 
influence  which  is  essential  to  the  continuance  of  the  Circulation;  since 
it  is  only  by  such  sudden  and  severe  injuries  to  the  nervous  centres,  as 
instantaneously  destroy  the  vitality  of  the  whole  system  (§  321),  that  the 

Expcrimeiitul  Inquiry  into  the  Ljiws  of  the  Vitiil  Funcli.ins,"  4Ui  edition,  p.  52. 
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movement  of  the  blood  is  arrested. — The  experiments  of  Miiller  and  others 
satisfactorily  prove,  that  the  ordinary  action  of  the  Nerves  does  not  pro- 
duce any  direct  effect  upon  the  capillary  circulation ;  and  this  corresponds 
with  the  well-known  fact,  that  the  Nutritive  processes  may  continue  as 
usual  after  this  action  has  been  suspended.  All  the  facts,  which  bear 
upon  the  question  of  the  connection  between  Nervous  agency  and  the 
forces  maintaining  the  capillary  circ\ilation,  have  an  equal  relation  to  the 
functions  of  Nutrition  and  Secretion  in  general;  and,  as  already  shown, 
the  Nervous  system  also  influences  these,  by  the  control  it  exerts  over  the 
diameter  of  the  blood-vessels  (§  515). 

529.  The  average  rate  of  movement  of  the  blood  through  the  capillary 
system  may  be  detei'mined  with  tolerable  precision  by  microscopic  mea- 
surement; and  the  observations  of  Hales,  Valentin,  and  Weber  concur  in 
representing  it  to  be  from  1  inch  to  1^  inch  per  minute  in  the  systemic 
capillaries  of  the  Frog;  1-2  inch  per  minute,  or  -02  inch  per  second,  being 
about  the  average.  In  warm-blooded  animals,  however,  the  capillary 
circulation  is  probably  much  more  rapid  than  this;  the  observations  of 
Volkmann  iipon  the  mesenteric  arteries  of  the  Dog  make  its  rate  about 
•03  inch  per  second,  or  1-8  inch  per  minute;  and  it  seems  reasonable  to 
supi:)Ose  that  the  exposure  of  the  membrane  to  the  cool  an*  would  produce 
a  considerable  reduction  in  the  normal  rapidity  of  the  flow  of  blood 
througli  it.  Assuming  -03  inch  per  second,  however,  as  the  rate,  and 
comparing  this  with  the  rate  of  movement  of  tlie  blood  in  the  larger 
arteries,  which  seems  on  the  average  to  be  11*8  inches  per  second,  it  is 
calculated  by  Volkmann  that  the  aggregate  area  of  the  capillaries  (being 
in  an  inverse  ratio  to  the  rate  of  the  blood's  movement  through  them) 
must  be  nearly  four  hundred  times  that  of  the  arterial  trunks  which 
su2)ply  them.* 

5. — Motion  of  the  Blood  in  the  Veins. 

530.  The  Venous  system  takes  its  origin  in  the  small  trunks  that  are 
formed  by  the  re-union  of  the  Capillaries ;  and  it  returns  the  blood  fi-om 
these  to  the  Heart.  The  structure  of  the  Veins  is  essentially  the  same 
with  that  of  the  Arteries ;  but  the  fibrous  tissue  of  which  their  middle 
coat  is  made  up,  bears  more  resemblance  to  the  areolar  tissue  of  the  skin, 
than  it  does  to  the  true  elastic  tissue;  and  the  muscular  fibre-cells  are 
usually  much  fewer  in  number,  and  are  sometimes  wanting  altogether.t 
The  elasticity  of  the  Veins  is  shown  by  the  jet  of  blood  which  at  first 
spoTits  out  in  ordinary  venesection,  when,  by  means  of  the  ligature,  a 
distension  has  been  occasioned  in  the  tubes  below  it.  A  slight  contractility 
on  the  application  of  stimuli,  and  on  irritation  of  the  Sympathetic  nervous 
fibres,  has  been  observed;  but  this  is  not  so  decided  as  in  the  arteries. 
The  whole  capacity  of  the  Venous  system  is  considerably  greater  than  that 
of  the  arterial ;  the  former  is  usually  estimated  to  contain  from  2  to  3 

*  "Hamodynamik,''pp.  181,  204. 

+  The  following,  according  to  Prof.  Kolliker,  are  veins  which  are  unprovided  with 
nuiscular  structure ;  — The  veins  of  the  uterine  portion  of  the  placenta;  the  veins  of  tlie 
cerebral  substance;  the  sinuses  of  the  dura  mater;  Breschefs  veins  of  the  bones;  the 
venous  cells  of  tiie  corpora  cavernosa  in  the  male  and  female  ;  and  probably  the  venous  cells 
of  the  spleen.    ("  KJillikcr  and  Sicbold's  Zeitschrift,"  1849). 
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times  as  much  blood  as  the  latter,  m  the  ordiiiarj  condition  of  the  circu- 
lation ;  and  when  wc  consider  the  great  pi'oportion,  which  the  Veins  in 
almost  eveiy  part  of  the  body  bear  to  the  arteries,  we  shall  scarcely  regard 
even  the  larger  of  these  ratios  as  exaggerated.  Of  course  the  rapidity  of 
the  .movement  of  the  blood  in  the  two  systems,  will  bear  an  inverse  ratio 
to  their  respective  capacities ;  thus  ifj  in  a  given  length,  the  veins  contain 
three  times  as  much  blood  as  the  arteries,  the  fluid  will  move  with  only 
one-third  of  the  velocity.  Even  at  their  origins  in  the  capillary  plexus, 
the  veins  are  larger  than  the  ai^teries  which  terminate  in  the  same  plexus ; 
so  that,  Avherever  the  arterial  and  venous  networks  form  distinct  sti'ata, 
they  are  readily  distinguished  from  each  other.  The  Veins  are  remarkable 
for  the  number  of  valves  which  they  contain,  formed  of  duplicatures  or 
loose  folds  of  the  internal  tunic,  between  the  component  laminas  of  which, 
contractile  fibres  are  interposed ;  and  also  for  the  dilatations  behind  these, 
which,  whe^  distended,  give  them  a  varicose  aj^pearance.  The  valves  are 
single  in  the  small  veins,  the  free  edge  of  the  flap  closing  against  the 
opposite  wall  of  the  vein;  in  the  larger  trunks  they  are  double;  and  in  a 
few  instances  they  are  composed  of  three  flajDS.  The  object  of  these  valves 
is  evidently  to  j^reveut  the  reflux  of  blood;  and  we  shall  presently  see, 
that  they  are  of  imjDortant  use  in  assisting  in  the  maintenance  of  the 
venous  circulation.  They  are  most  numerous  in  those  veins,  which  run 
among  parts  affected  by  muscular  movement;  and  they  are  not  found  in 
the  veins  of  the  lungs,  of  the  abdominal  viscera,  or  of  the  brain. 

531.  The  movement  of  the  blood  through  the  Veins  is,  without  doubt, 
chiefly  effected  by  the  vis  a  tergo  or  propulsive  force,  which  results  from 
the  action  of  the  heart  and  arteries;  this,  as  akeady  shown  (§  519)  is 
very  greatly  diminished  by  the  time  that  it  acts  on  the  blood  in  the 
veins ;  but  the  resistance  to  the  onward  movement  of  the  blood  is  now 
80  slight,  that  a  very  feeble  power  is  adequa^te^  to  overcome  it.  There 
are  some  concurrent  causes,  however,  which  are  supposed  by  some  to 
have  much  influence  upon  it,  and  of  which  the  consideration  must  not  be 
neglected. — One  of  these,  is  the  siiction-j^ower  attributed  to  the  Heart ; 
acting  as  a  vis  a  fronte,  in  di'awing  the  blood  towards  it.  It  is  doubt- 
ful how  far  the  Amides  have  such  a  power  of  active  dilatation,  as  that 
which  would  be  required  for  this  purpose;  and  no  sufficient  evidence 
has  been  given  that  the  cm-rent  of  blood  at  any  distance  from  the  Heart 
IS  affected  by  it.  Indeed,  for  a  reason  to  be  presently  stated,  this  may  be 
regarded  as  imjDOSsilDle. — Another  important  agency  has  been  found  by 
some  Physiologists,  in  the  inspiratory  movement;  this  is  supposed  to 
draw  the  blood  of  the  Veins  into  the  chest,  in  order  to  supply  the  vacuum 
which  is  created  there,  at  the  moment  of  the  descent  of  the  diaphragm. 
That  the  movement  in  question  has  some  influence  on  the  flow  of  venous 
blood  into  the  chest,  is  evident  from  the  occurrence  of  the  resinratory 
2)ulse,  long  ago  described  by  Haller ;  which  may  be  seen  in  the  veins  of 
the  neck  and  shoulder  in  thin  persons,  and  in  those  especially  who  ai'e 
suffering  from  pulmonaiy  diseases.  During  Inspiration,  the  Veins  are 
seen  to  be  partially  emptied:  whilst  during  Expiration  they  become 
turgid,  partly  in  consequence  of  the  accumulation  from  behind,  and  of  the 
check  in  front;  and  jxirtly  (it  may  be)  in  some  cases,  through  an  absolute 
i-cflux  fi-om  the  veins  within  the  chest  (§  504).  The  fact  that,  in  the  im- 
mediate iioiglibuuiiiodd  (.r  the  chest,  the  flow  of  blood  towards  the  heai-t 
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is  aided  by  iuspiiation  aud  impeded  by  expiration,  is  further  proved  by 
Sir  D.  Bai'ry's  experiment,  which  consisted  in  introducing  one  extremity 
of  a  tube  into  the  jugular  vein  of  a  Horse,  and  the  other  into  water, 
which  exhibited  an  alternate  elevation  and  depression  wth  inspiration 
and  expiration ;  this  has  been  repeated  and  confirmed  by  several  Physio- 
logists. On  the  other  hand,  the  ex2nratory  movement,  while  it  directly 
causes  accumulation  in  the  veins,  will  assist  the  heai't  in  propeUiug  the 
blood  into  the  arteries ;  and  by  the  combined  action  of  these  two  causes 
is  produced,  among  other  effects,  the  rising  and  sinking  of  the  Bi-ain, 
synchronously  with  expiration  and  inspiration,  which  are  observed  when 
a  portion  of  the  cranium  is  removed.  Several  considerations,  however, 
agree  in  pointing  to  the  conclusion,  that  no  great  efficacy  can  be  rightly 
attributed  to  the  Respii'atory  movements,  as  exerting  fmj general  influence 
over  the  Venous  cu-culation.  The  Pidmonary  circulation,  being  enthely 
within  the  chest,  cannot  be  affected  by  variations  in  atmospheric  pressure  j 
the  entire  venous  circulation  of  the  foetus,  also,  is  independent  of  any  such 
agency.  Again,  it  has  been  shown  experimentally  by  Dr.  Arnott  and 
others,  that  no  suction-power  exerted  at  the  farther  end  of  a  long  tube, 
whose  walls  ai'e  so  deficient  in  firmness  as  are  those  of  the  Veins,  can 
occasion  any  acceleration  in  a  current  of  fluid  transmitted  through  it; 
for  the  effect  of  the  suction  is  destroyed,  at  no  great  distance  from  the 
point  at  which  it  is  applied,  by  the  flaj)ping-together  of  the  sides  of  the 
vessels. — One  of  the  most  powerful  of  the  general  causes  which  influence 
the  Venous  circulation,  is  doubtless  the  frequently-recurring  jjvessiire  of 
the  muscles  upon  their  trunks.  In  every  instance  that  Muscular  move- 
ment takes  place,  a  portion  of  the  Veins  of  the  part  will  undergo  com- 
pression ;  and  as  the  blood  is  prevented,  by  the  valves  in  the  veins,  from 
being  driven  back  into  the  small  vessels,  it  is  necessarily  forced  on  towards 
the  heart.  As  each  set  of  muscles  is  relaxed,  the  veins  compressed  by  it 
fill-out  again,  to  be  again  compressed  by  the  renewal  of  the  force.  That 
the  general  Muscular  movement  is  an  important  agent  in  maintaining  the 
circulation,  at  a  point  above  that  at  which  it  would  be  kept  by  the  action 
of  the  heart  and  vascular  system  alone,  appears  from  several  considerations. 
The  pulsations  are  diminished  in  frequency  by  rest,  accelerated  by  exer- 
tion, and  very  much  quickened  by  violent  effort  (§  511  d).  In  all  kinds 
of  exercise,  and  in  almost  every  sort  of  effort,  thei-e  is  that  alternate  con- 
traction and  relaxation  of  particidar  gi'oups  of  Muscles,  which  has  been 
just  mentioned  as  afiecting  the  flow  of  blood  through  the  veins ;  and  there 
can  be  little  doubt,  that  the  increased  rapidity  of  the  return  of  blood 
through  them,  is  of  itself  a  sufficient  cause  for  the  accelerated  movements 
of  the  heart.  When  a  large  number  of  muscles  are  put  in  action  after 
repose,  as  is  the  case  when  we  rise  up  from  a  recumbent  or  a  sitting  pos- 
ture, the  blood  is  driven  to  the  heart  with  a  very  strong  impetus ;  and  if 
that  organ  should  be  diseased,  it  may  arrive  there  in  a  quantity  larger  than 
can  be  disposed  of;  so  that  sudden  death  may  be  the  result.  Hence  the 
necessity  for  the  avoidance  of  all  sudden  and  violent  movements,  on  the 
part  of  those,  who  labour  under  either  a  functiontd  or  structural  disease 
of  the  centre  of  the  circulation. 

532.  The  Venous  circulation  is  much  more  liable  than  the  xVrterial,  to 
be  influenced  by  the  force  of  Gravity ;  and  this  influence  is  particularly 
noticeable,  when  the  tonicity  of  the  vessels  is  deficient. — The  following 
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\periments  performed  by  Dr.  C.  J.  B.  Williams,*  to  elucidate  the  iuflii- 
iice  of  deficient  firmness  in  the  Avails  of  the  vessels,  and  of  gravitation, 
\er  the  movement  of  fluids  thi'ough  tubes,  throw  great  light  on  the 
luses  of  venous  congestion.    A  tube  with  two  equal  arms  having  been 
r ted.  to  a  syringe,  a  brass  tube  two  feet  long,  having  several  right  angles 
>  its  course,  was  adapted  to  one  of  them,  whilst  to  the  other  was  tied  a 
Di-tion  of  a  rabbit's  intestine  fom-  feet  long,  and  of  calibre  double  that  of 
lie  brass  tube,  this  being  aiTanged  in  curves  and  coils,  but  without  angles 
ud  crossings.    When  the  two  tubes  were  raised  to  the  same  height,  the 
mil  metal  tube  discharged  from  two  to  five  times  the  quantity  of  water 
-charged  in  a  given  time  by  the  larger  but  membranous  tube ;  the  dif- 
rence  being  gi-eatest,  when  the  strokes  of  the  piston  were  most  forcible 
nd  sudden,  by  which  the  intestine  was  much  dilated  at  its  syringe-end, 
iit  conveyed  very  little  more  water.    When  the  discharging  ends  were 
lised  a  few  inches  higher,  the  difference  increased  considerably,  the 
i  iiount  of  fluid  discharged  by  the  gut  being  much  diminished ;  and  when 
le  ends  were  raised  to  the  height  of  eight  or  ten  inches,  the  gut  ceased  to 
ischarge,  each  stroke  only  moving  the  column  of  water  in  it,  and  this 
ibsiding  again,  without  rising  high  enough  to  overflow.   When  the  force 
t'  the  stroke  increased,  the  pai't  of  the  intestine  nearest  the  syringe  burst. 
-From  these  experiments  it  is  easy  to  understand,  how  any  deficiency  of 
'ue'  in  the  Venous  system  will  tend  to  prevent  the  ascent  of  the  blood 
'm  the  depending  parts  of  the  body,  and  will  consequently  occasion  an 
creased  pressm-e  on  the  walls  of  the  vessels,  and  an  augmentation  in  the 
iiantity  of  blood  they  contain.     All  these  conditions  are  peculiarly 
curable  to  the  escape  of  the  watery  part  of  the  blood  from  the  small 
s.sels ;  and  this  may  either  infiltrate  into  the  areolar  tissue,  or  it  may  be 
ured  into  some  neighbom'ing  serous  cavity,  producing  dropsy.    Thus  it 
opens,  that  such  effiisions  may  often  be  traced  to  that  state  of  deficient 
our  of  the  system,  which  peculiarly  manifests  itself  in  want  of  tone  of 
■  blood-vessels ;  and  that  it  is  relieved  by  remedies  which  restore  this, 
many  young  females  of  leu  co-phlegmatic  tem]3erament,  for  exam]3le, 
■re  is  a  tendency  to  swelhng  of  the  feet,  by  oedematous  effusion  into  the 
■olar  tissue,  in  consequence  of  the  depending  position  of  the  limbs ;  the 
'  lema  disappears  during  the  night,  but  returns  during  the  day,  and  is  at 
maximum  in  the  evening.    And  the  congestion  which  fi^equently 
nifests  itself  in  the  posterior  parts  of  the  body,  towards  the  close  of 
liausting  diseases,  in  which  the  patient  has  lain  much  upon  his  back,  is 
libutable  to  a  similar  cause ;  of  such  congestion,  effusions  into  the 
■ious  serous  cavities  are  frequent  results;  and  such  effusions,  taking 
ce  during  the  last  hours  of  life,  are  often  erroneously  regarded  as  the 
ise  of  death.    To  the  same  cause  we  are  to  attribute  the  varicose  state 
the  veins  of  the  leg,  which  is  so  common  amongst  persons  of  relaxed 
"■e,  and  especially  in  those  whose  habits  require  them  to  be  much  in 
"  erect  posture ;  and  this  distension  occasionally  proceeds  to  complete 
jiturc,  the  causes  of  which  are  fully  elucidated  by  the  experiments  just 
A 

*  "  Principles  of  Medicine,"  2nd  edit,,  p.  188. 
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6. — Peculiarities  of  the  Circulation  in  different  Parts. 

533.  In  several  portions  of  the  Human  body,  there  are  cei'tain  vai'ieties 
in  the  distribution  and  in  the  functional  actions  of  the  blood-vessels, 
which  should  not  be  omitted  in  a  general  account  of  the  Circulation. — Of 
these,  we  have  in  the  first  place  to  notice  the  apparatus  for  the  Pulmonary 
circulation ;  the  chief  peculiarity  of  which  is,  that  venous  blood  is  sent 
frovi  the  heart,  through  a  tube  which  is  arterial  in  its  structure,  whilst 
arterial  blood  is  retm'ued  to  the  heart,  through  a  vessel  whose  entire 
character  is  that  of  a  vein.    The  movement  of  the  blood  tln-ough  these  is 
considerably  affected  by  the  physical  state  of  the  lungs  themselves ;  being 
retai'ded  by  any  causes,  which  can  occasion  pressure  on  the  vessels  (such 
as  over-distension  of  the  cells  with  air,  obstruction  of  their  cavity  by  solid 
or  fluid  depositions,  or  by  foreign  substances  injected  into  them,  &c.) ;  and 
proceeding  with  the  gi'eatest  energy  and  regulaiity,  when  the  respiratoiy 
movements  are  freely  pci'fonned. — The  Portal  circulation,  again,  is  pecu- 
liar, in  being  a  kind  of  offset  from  the  general  or  systemic  circidation, 
and  also  in  being  destitute  of  valves;  and  it  may  be  surmised  with  much 
probability,  that  the  pui-pose  of  their  absence  is,  to  allow  of  an  unusually 
free  passage  of  blood  from  one  part  of  that  system  to  another,  during  the 
very  varying  conditions  to  which  it  is  subjected  (§  490). — Another  veiy 
important  modification  of  the  Circulating  system,  is  that  which  presents 
itself  within  the  Cranium.    From  the  circumstance  of  the  cranium  being 
a  closed  cavity,  which  must  be  always  filled  with  the  same  total  amount 
of  contents,  the  flow  of  blood  through  its  vessels  is  attended  with  some 
peculiarities.    The  pressiu'e  of  the  atmosphei'e  is  here  exerted,  rather  to 
keep  the  blood  in  the  head,  than  to  force  it  out;  and  it  might  accordingly 
be  inferred,  that,  whilst  the  quantity  of  cerebral  matter  remains  the  same, 
the  amount  of  blood  in  the  cranial  vessels  must  also  be  invariable.  This 
inference  appeai'ed  to  derive  support  from  the  experiments  of  Dr.  KeUie.* 
On  bleeding  animals  to  death,  he  found  that,  whilst  the  remainder  of  the 
body  was  completely  exsanguine,  the  iisvial  quantity  of  blood  remained  in 
the  arteries  and  veins  of  the  cranium ;  but  that  if  an  opening  was  made 
in  the  skull,  these  vessels  w^ere  then  as  completely  emptied  as  the  rest.  It 
is  not  to  be  hence  uaferred,  however,  that  the  absolute  quantity  of  blood 
witliin  the  cranium  is  not  subject  to  variation;  and  that  in  the  states  of 
inflammation,  congestion,  or  other  morbid  affections,  there  is  only  a  dis- 
turbance of  the  usual  balance  of  the  arterial  and  venous  circulation.  The 
fact  in  all  probability  is  rather,  that  the  softness  of  the  Cerebral  tissue,  and 
its  varying  functional  activity,  render  it  pecidiarly  liable  to  undergo  alter- 
ations in  bulk;  and  that  the  amount  of  the  'cerebro-spinal  fluid'  varies 
considerably  at  different  times ;  so  that  the  quantity  of  blood  may  thiis, 
even  in  the  healthy  condition,  be  continually  changing.    Moreover,  in 
disordered  states  of  the  circidation,  the  quantity  of  blood  in  the  vessels  of 
the  cranium  may  be  for  a  time  diminished  by  a  sudden  extravasation, 
either  of  blood  or  serum,  into  the  cerebral  substance ;  and  the  amount  oi 
interior  presszwe  upon  the  walls  of  the  vessels  may  also  be  considerably 

*  "  Edinburgh  Medico-Chirurgiciil  Trunsactions,"  vol.  i. 
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;  ered,  even  when  there  is  no  difference  in  tiie  quantity  of  fluid  contained 
I  them.* 

■)3-l:.  The  Erectile  tissues  constitute  another  curious  modification  of  the 
cUuary  vasculai-  apparatus.  The  chief  of  these  are  the  corpora  cavernosa 
the- penis  of  the  male,  and  in  the  clitoris  of  the  female;  the  collection 
similar  tissues  round  the  vagina,  and  in  the  nymphse,  of  the  female ; 
■A  the  nipple  in  both  sexes.    In  all  these  situations,  erection  may  be 
duced  by  local  irritation ;  or  it  may  take  place  as  a  result  of  certain 
notional  conditions  of  the  mind;  the  influence  of  which  is  probably 
ausmitted  through  the  Sympathetic  nerve,  as  it  may  be  experienced  even 
cases  of  pai'aplegia.    The  erectile  tissue  appears  essentially  to  consist  of 
ilexus  of  veins  with  varicose  enlargements,  inclosed  in  a  fibrous  en- 
)pe  with  trabecular  partitions.    This  envelope,  according  to  the  recent 
searches  of  Prof  Kolliker,  contains  a  lai'ge  amount  of  non-striated 
I'iscular  fibre;  the  contraction  of  which  is  doubtless  in  some  way  con- 
;  ued  in  the  result.    In  the  penis,  as  first  pointed  out  by  Prof  Miiller, 
re  are  two  sets  of  arteries ;  those  of  one  set,  destined  for  the  nutrition 
the  tissues,  communicating  with  the  veins  in  the  usual  way,  through  a 
dUaiy  network ;  whilst  the  others,  termed  by  him  the  'hehcine  arteries,' 
short  tendril-like  branches,  which  project  into  the  veins  (covered,  bow- 
er, by  their  lining  membrane),  sometimes  singly,  and  sometimes  in  tufts, 
I  ding  abruptly  by  dilated  extremities.     It  was  maintained  by  Miiller 
at  the  dilated  ends  of  these  helicine  arteries  open  into  the  venous 
vities;  but  no  distinct  apertures  have  been  seen  in  them;  and  it  seems 
re  probable  that  (as  Miiller  himself  admits)  they  are  merely  arterial 
erticula,  the  distension  of  which  concurs  with  that  of  the  venous 
olse,  in  the  act  of  erection. — The  proximate  cause  of  the  erection  of  the 
uis,  has  been  stated  by  some  to  be  the  action  of  the  ischio-cavernosi 
uscles;  and  by  others  it  has  been  attributed  to  the  compression  of  the 
iia  dorsalis  penis  against  the  symphysis  pubis.     But  although  these 
iiscles  pi'obably  afford  assistance  in  completing  and  strengthening  the 
vction,  it  is  obvious  that  no  analogous  power  can  be  exerted  in  other 
•  ctile  organs,  the  nipple  for  example. — It  is  maintained  by  Prof  Kol- 
'•r,  that  the  office  of  the  muscular  fibres  which  pass  in  every  direction 
uongst  the  dilated  veins,  is  to  keep  them  compressed  in  the  intervals  of 
■I'ction,  so  as  to  prevent  them  from  being  distended  by  the  vis  a  tergo  of 
If  blood;  and  that  the  stimulus  to  erection,  which  is  usually  conveyed 
i  rough  the  neiwous  system,  so  operates  upon  these  fibres  as  to  occasion 
leir  relaxation,  whereby  the  free  distension  of  the  cavernous  veins  and  of 
:ie  arterial  diverticula  is  permitted.    He  refers,  moreover,  to  the  exces- 
eve  contraction  of  erectile  organs  which  is  induced  by  cold,  and  to  the 
!<fect  of  warmth  in  favouring  their  enlargement,  as  confirmatory  of  this 
«ew;  and  considers  that  no  other  agency  is  required,  t 

*_The  results  of  the  more  recent  experiments  of  Dr.  G.  Burrows  ('"Medical  Gazette," 
pril  and  May,  1843)  fully  confirm  the  views  stated  above. 

+  See  his  essay  "  Das  Anatomische  und  Phisiologische  Verhalten  der  Cavernoscr  Kcirper 
•r  Sexual  organe,"  1851  ;  cited  in  Paget  and  Kirkes's  "Hand-book  of  Physiology,"  2nd 
Jt.,  p.  145. — It  is  rather  difficult  to  admit  the  power  of  nerves  to  cause  relaaxition  of 
rascles,  which  this  hypothesis  requires  ;  and  also  to  explain  in  accordnnce  with  it  the  fact  of 

ry  fauiiliar  occurrence,  that  the  application  of  modenUc  cold  (as  in  putting-on  a  clean  shirt) 
■uquently  occasions  erection  of  the  male  nipple. 
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CHAPTER  X. 

OF  RESPIRATION. 

1. — Nature  of  the  Function  :  and  Provisions  for  its  Performance. 

535.  The  Nutritive  fluid,  in  its  circulation  through  the  caijillarios  of  tlie 
system,  undergoes  great  alterations,  both  in  its  physical  coustitutiou,  and 
in  its  vital  jDroperties.  It  gives  up  to  the  tissues  with  which  it  is  brought 
into  contact,  some  of  its  most  important  elements ;  and,  at  the  same  time, 
it  is  made  the  veliicle  of  the  removal,  from  these  tissues,  of  ingredients 
which  are  no  longer  in  the  state  of  combination  that  fits  them  for  their 
offices  in  the  Animal  Economy.  To  separate  these  ingredients  fi-om  the 
general  current  of  the  circulation,  and  to  carry  them  out  of  the  systein, 
is  the  great  object  of  the  Excretory  organs;  and  it  is  very  evident  that 
the  importance  of  their  respective  functions  will  vary  with  the  amount 
of  the  ingredient  which  they  have  to  separate,  and  with  the  deleterious 
influence  which  its  retention  would  exert  on  the  welfare  of  the  system  at 
large.  Of  all  these  injurious  ingredients.  Carbonic  Acid  is  without  doubt 
the  one  most  abundantly  introduced  into  the  nutritive  fluid;  and  it  is 
also  most  deleterious  in  its  effects  on  the  system,  if  allowed  to  accumulate. 
— We  find,  accordingly,  that  the  provision  for  the  removal  of  this  suh- 
stance  from  the  blood,  is  one  of  peculiar  extent  and  importance,  especiiaUy 
in  the  higher  forms  of  animals  ;  and  fm-ther,  that  instead  of  being  effected 
by  an  operation  peculiarly  vital  (like  other  acts  of  Excretion),  its  per- 
formance is  secured  by  being  made  to  depend  upon  simple  j^hi/sical  condi- 
tions, and  is  thus  compai-atively  little  susceptible  of  derangement  fi'om 
disorder  of  other  processes.  All  that  is  requisite  for  it,  is  the  exposure  of 
the  Blood  to  the  influence  of  the  Atmospheric  air  (or,  in  aquatic  animals, 
of  air  dissolved  in  Avater),  through  the  medium  of  a  membrane  that  shall 
permit  the  '  diffusion  of  gases;'  an  interchange  then  taking  place  between 
the  gaseous  matters  on  the  two  sides, — Carbonic  acid  beii^g  exhaled  fi'om 
the  Blood,  and  being  replaced  by  Oxygen  from  the  au'.  Thus  the  extrica- 
tion of  Carbonic  acid  is  effected  in  a  manner  that  renders  it  subserAdent  to 
the  introduction  of  that  element  which  is  required  for  all  the  most  active 
manifestations  of  vital  power;  and  it  is  in  these  two  processes  conjointly, 
not  in  either  alone,  that  the  function  of  Respiration  essentially  consists. — 
We  shall  now  inquire  into  the  sources  from  which  Cai'bonic  acid  is  pro- 
duced in  the  living  body,  and  the  causes  of  the  demand  for  Oxygen. 

536.  It  has  been  shown  (chap,  hi.)  that  the  vital  activity  of  the  orgau- 
ism  at  large  involves  a  continual  change  in  its  constituent  pai'ts;  and 
that  those  which  (so  to  speak)  live  the  fastest,  usually  die  the  soonest,  aud 
pass  most  readily  into  decay.  Hence  in  the  very  performance  of  the 
Organic  functions  which  concur  to  effect  the  Nutrition  of  the  body,  there 
is  a  constant  source  of  disintegration ;  and  one  of  the  chief  products  of  the 
decay  of  the  tissues,  which  is  consequent  upon  their  loss  of  vitality,  is 
Carbonic  acid. — Thus  the  most  general  object  of  the  Respiratory  precoss, 
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hich  is  commou  to  all  forms  of  organized  being,  is  the  extrication  of  this 
roduct  from  the  system ;  and  the  demand  for  aeration  hence  arising  will 
.iry  with  the  activity  of  the  nutritive  operations.  Now  the  rate  of  life, 
ad  consequently  the  amount  of  disintegration,  in  any  organized  struc- 
:  u*e,  depend  in  great  measm-e  upon  the  temperature  at  which  it  is  main- 
■.idned  (§§  123, 127) ;  and  thus  it  happens  that  the  production  of  Carbonic 
:cid  from  this  som-ce,  at  the  ordinary  rate  of  vital  activity,  is  much  more 
lipid  in  '  warm-blooded'  than  in  '  cold-blooded'  animals,  and  that  the 
kormer  suffer  far  more  speedily  than  the  latter  from  the  privation  of  air, 
^lut  when  the  temperature  of  the  Reptile  is  raised  by  external  heat  to  the 
"3vel  of  that  of  the  Mammal,  its  need  for  respiration  increases,  owing  to 
ihe  aiigmented  waste  of  its  tissues.  When,  on  the  other  hand,  the  warm- 
Hooded  Mammal  is  reduced,  in  the  state  of  hybernation,  to  the  level  of 
MB  cold-blooded  Reptile,  the  waste  of  its  tissues  diminishes  to  such  an 
tstent,  as  to  requii-e  but  a  very  small  exertion  of  the  respiratory  process 
) )  get  rid  of  the  carbonic  acid,  which  is  one  of  its  chief  products.  And  in 
idose  animals  which  ai"e  capable  of  retaining  their  vitality  when  they  are 
"•ozen,  or  when  their  tissues  are  completely  dried  up,  vital  activity  and 
-isintegration  are  alike  entu-ely  suspended,  and  consequently  there  is  no 
uii'bonic  acid  to  be  set  free. 

537.  But  another  som-ce  of  Carbonic  acid  to  be  set  free  by  the  Respira- 
pry  process,  and  one  which  is  peculiar  to  animals,  consists  in  the  rapid 
laanges  which  take  place  in  the  Muscular  and  Nervous  tissues,  in  the 
'ery  act  of  performing  their  peculiar  functions ;  the  development  of  the 
luscular  and  of  the  Nervous  forces  involving,  as  the  very  condition  of 
tieu-  production,  a  change  in  the  substance  of  these  tissues  respectively; 
I  which  change  a  large  quantity  of  Oxygen  is  consumed,  and  a  large 
imount  of  Carbonic  acid  is  generated.    Hence  in  Man,  as  in  all  Animals 

.  which  the  Nervo-Muscular  apparatus  constitutes  the  essential  part  of 
ae  organism,  a  poweiful  demand  for  Respiration  is'  created  by  its  activity ; 
ae  amount  of  oxygen  taken-in,  and  of  carbonic  acid  exhaled,  being  deter- 
iiined,  cceteris  paribus,  by  the  degi'ee  in  which  this  apparatus  is  ex- 
ccised. 

538.  Besides  these  som-ces  of  Carbonic  acid  which  are  common  to  all 
nimals,  there  is  another  which  is  restricted  (or  nearly  so)  to  the  two 
-liest  classes.  Birds  and  Mammals;  these  being  distinguished  by  their 
A-er  of  maintaining  a  constantly-elevated  temperature.  A  part  of  this 
■at  is  generated  by  the  oxygenation  of  the  components  of  their  disin- 
rrating  tissues,  the  metamorphosis  of  which  takes  place  at  a  very  rapid 

;  but  where  this  is  not  sufficient,  their  power  of  maintaining  their 
!iperatm-e  depends  upon  the  direct  combination  of  certain  elements  of 

■  food  with  the  oxygen  of  the  air,  by  the  combustive  process. — The 
lutity  of  carbonic  acid  that  is  generated  directly  from  the  elements  of 

food,  seems  to  vary  considerably  in  different  animals,  and  in  different 
tes  of  the  same  individual.    In  the  Carnivorous  tribes,  which  spend 

■  gi-eater  pai-t  of  their  time  in  a  state  of  activity,  it  is  probable  that  the 
I  mtity  which  is  generated  by  the  waste  or  metamorphosis  of  the  tissues 

iiflicient  for  the  maintenance  of  the  required  temperature;  and  that 
'le  or  none  of  the  carbonic  acid  set  free  in  respiration  is  derived  from 

direct  combustion  of  the  materials  of  the  food.  But  in  Herbivorous 
unals  of  comparatively  inert  habits,  the  amount  of  metamorphosis  of 
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the  tissues  is  far  from  being  sufficient ;  and  a  large  part  of  the  food,  con- 
sisting as  it  does  of  substances  that  cannot  be  applied  to  the  nutrition  of 
the  tissues,  is  made  to  enter  into  direct  combination  with  the  oxygen  of 
the  air,  and  thus  to  compensate  for  the  deficiency.  In  Man  and  other 
animals,  which  can  sustain  considerable  variations  of  chmate,  and  can 
adapt  themselves  to  a  great  diversity  of  habits,  the  quantity  of  carbonic 
acid  formed  by  the  direct  combination  of  the  elements  of  the  food  with  the 
oxygen  of  the  air,  will  differ  extremely  under  different  circumstances 
(§  402).  It  will  serve  as  the  comjylement  of  that  which  is  formed  in  other 
ways ;  so  that  it  will  diminish  with  the  increase,  and  will  iiacrease  with 
the  diminution,  of  muscular  activity.  It  will  also  vary  in  an  inverse 
ratio  to  the  external  temj)erature,  increasing  with  its  diminution  (as 
more  heat  must  then  be  generated),  and  diminishing  with  its  increase; 
the  effect  of  external  heat  being  thus  precisely  opposite,  in  the  warm- 
blooded animal,  to  that  which  it  exerts  on  the  cold-blooded  (§  536). — In 
all  cases,  if  a  sufficient  supply  of  food  be  not  fm-nished,  the  store  of  fat  is 
drawn-upon;  and  if  this  be  exhausted,  tlie  animal  dies  of  cold  (§  416). 

539.  To  recapitulate,  then,  the  sources  of  Carbonic  Acid  in  the  animal 
body  are  threefold. — i.  The  continual  decay  of  the  tissues  common  to  all 
organized  bodies,  which  is  favom-ed  by  all  that  promotes  their  vital  activity, 
and  retarded  by  every  influence  that  depresses  it. — ii.  The  metamorphosis 
peculiar  to  the  Nervous  and  Muscular  tissues,  which  is  the  very  condition 
of  the  production  of  their  power,  and  which  therefore  bears  a  direct  rela- 
tion to  the  degree  in  whicli  they  are  exerted. — iii.  Tlie  direct  conversion 
of  the  carbon  and  hycb'ogen  of  the  food  into  carbonic  acid  and  water, 

which  is  peculiar  to  warm-blooded  animals;  and 
Avhich  varies  in  quantity,  in  accordance  with  the 
amount  of  heat  to  be  generated. 

540.  The  wonderful  nature  of  the  structural  ar- 
y  rangements  which  are  made  for  the  aeration  of  the 
blood  in  Man  (as  in  Mammalia  generally),  and 
the  completeness  of  the  provisions  whereby  these  ai'e 
put  into  active  operation,  will  be  best  understood,  if, 
for  the  sake  of  contrast,  we  first  bestow  a  brief  survey 
on  the  Pulmonary  apparatus  of  Reptiles ;  a  class  in 
which  the  demand  for  respiration  is  reduced  to  a  com- 
paratively low  grade,  by  the  absence  of  any  necessity 
for  the  maintenance  of  an  independent  temperature, 
by  the  general  torpor  of  their  habits  (whence  arises 
a  very  small  amount  of  'waste'  in  the  nervo-niuscular 
apparatus),  and  by  the  very  slow  rate  at  which  their 
organic  functions  are  performed,  and  the  life  of  the 
whole  body  is  carried  on. — The  lungs  of  Reptiles  ai'e, 
for  the  most  part,  simple  sacs ;  into  which  the  bron- 
chial tubes  open  freely,  and  on  the  walls  of  which 
the  pulmonary  vessels  are  distributed.  The  extent 
of  surface  is  considerably  increased,  however,  by  the 
formation  of  a  number  of  little  pits  or  sacculi  on  the 
inner  wall  of  the  cavity,  especially  at  its  upper  pai't; 
and  between  these  we  observe  a  sort  of  cartilaginous 
frame-work,  which  is  continuous  with  the  cartilage 
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Lung  of  Triton  cristatus, 
magnified  about  3  diam.; — 
rt,  l)iilmonary  artery ;  &,  pul- 
monary vein. 
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f  the  bronchus  on  either  side.    Thus  it  happens  Fig.  ]  05. 

lat  the  network  of  pulmonary  capillaries  is  ex- 

osod  only  on  one  side  to  the  influence  of  the  air. 
:  he  general  distribution  of  these  vessels  is  shown 

I  the  accompanying  figures.  It  will  be  seen  that 
we  triink  of  the  pidmonary  artery  runs  along  one 
lide  of  the  sac,  and  that  of  the  pulmonaiy  vein 

ong  the  other  (Fig.  1 04) ;  and  that  numerous 
-ranches  arise  from  the  former,  which  subdivide 
ato  capillaries  that  ramify  over  the  whole  siu"- 
cce,  and  then  reunite  into  small  veins  which 
!  rminate  in  the  latter.    The  islets  of  parenchyma 

tft  between  the  capillary  vessels,  are  seen  to  be 
idich  smaller  than  those  which  are  usually  to  be 
>!)served  in  the  systemic  circulation  (Figs.  105, 

•06):  so  that  the  membrane  is  more  copiously  seis,  finely  injected  witii  size  and 

'        j,  1,1  1  1,1,     vermilion,  rorm  a  network  so 

iiaversecl  by  vessels,  tiian  almost  any  other  that    minute,  that  the  parenchyma  is 

I  known.    The  walls  of  the  capillaries,  moreover,  Srstic^s.'''  '"'"^^ 
e  much  less  distinct  than  those  of  the  systemic 

c'culation.  These  two  conditions  are  obviously  favourable  to  the  ex- 
i>>siu-e  of  the  lai-gest  possible  quantity  of  blood  to  the  influence  of  the 


Portion  of  the  Lung  of  Triton, 
more  highly  magnified ;  the  ves- 


Fjg.  106. 


Portion  of  the  Lung  of  a  living  Triton,  as  seen  under  the  microscope  with  the  power  of 
>  150  diameters:— a,  b,  pulmonary  vein,  receiving  blood  from  the  large  trunk  c,  and  a  smaller 
^  vessel  (t , 
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air;  but  as  the  surface  is  not  an  extensive  one,  the  amount  which 
can  be  thus  exposed  at  any  one  time  is  very  limited;  and  the  pu]. 
monary  artery  is  often,  in  fact,  lilce  one  of  tlie  smcaller  branches  of  the 
aorta,  whicli  trunk  conveys  a  mixed  fluid  to  the  system  at  large. — The 
lungs  of  Reptiles  are  not,  like  those  of  Mammals,  enclosed  in  a  distinct 
cavity  partitioned-off  from  the  abdominal  by  the  interposition  of  a  dia- 
phragm ;  but  they  lie  in  immediate  contact  with  the  other  viscera :  and  the 
mechanism  of  inspiration  and  expiration  is  consequently  far  less  complete, 
than  it  is  in  animals  which  possess  a  muscular  diaphragm  closing-in  the 
floor  of  the  thoracic  cavity,  and  capable,  by  its  contraction,  of  largely  in- 
creasing the  capacity  of  that  cavity.  In  ftict,  many  Reptiles  are  incapable 
of  drawing-in  air,  and  can  only  force  it  in  by  a  process  resembling  deglu- 
tition.* 

541.  The  size  of  the  Limgs  in  Man  and  the  Mammalia  is  far  smaller  in 
proportion  to  their  bulk,  than  it  is  in  most  Reptiles ;  but  this  diminution 
is  more  than  compensated  by  the  minute  subdivision  of  their  cavities, 
by  the  jDeculiarity  of  the  distribution  of  their  blood-vessels,  and  by  the 
arrangements  whereby  a  continual  and  rapid  interchange,  both  of  the 
blood  and  of  the  air,  is  provided  for. — The  following  are  the  points  of  most 
importance  in  the  structure  of  the  Human  Lung.t    The  walls  of  the 
bronchial  tubes  contain    distinct   longitudinal  and  circular  layers  of 
fibrous  structure;  but  the  latter  alone,  according  to  Prof  Kcilliker,  con- 
tain m\iscular  fibre-cells.    These  tubes  divide  and  subdivide,  like  the 
branches  of  a  tree,  still  retaining  their  ordinary  characters,  until  they  are 
no  more  than  from  l-50th  to  l-30th  of  an  inch  in  diameter;  and  in 
these  the  longitudinal   and  annular  fibres,  together  with  the  ciliated 
epithelium,  come  to  an  abrupt  termination.    Beyond  this  boundary, 
the  t\ibular  form  of  the  air-passages  continued  from  the  bronchi  is  re- 
tained for  some  distance ;  but  it  is  gradually  changed  by  the  in-egiilar 
branching  of  the  passages,  and  by  the  increase  of  the  mimber  of  aper- 
tm-es  in  their  walls,  which  lead  to  the  air-vesicles.    Thus,  at  last,  each 
minnto  division  of  the  air-passages  becomes  quite  uregular  in  form;  air- 
vesicles  opening  into  every  part  of  it,  and  almost  constituting  its  walls; 
luitil  it  terminates,  almost  without  dilatation,  in  an  air-vesicle.  This 
terminal  portion  of  the  air-passage,  with  its  surrounding  cluster  of  air- 
vesiclcs,  may  be  regarded  as  forming  a  sort  of  lobule,  and  as  represent- 
ing the  entire  lung  of  a  Frog  or  other  Reptile;  the  whole  lung  of  the 
Mammal  being  made  up  of  a  multitude  of  such  lobules,  which  are  almost 
exact  repetitions  of  each  other.    Those  vesicles  which  communicate 
directly  wdth  the  bronchial  tubes  and  intercellular  passages,  open  into 
them  by  lai-ge  cucidar  apertures;  and  they  are  themselves  similai'ly 
opened-into  by  other  vesicles,  which  again  communicate  with  others 
beyond  them ;  so  that  each  of  the  openings  in  the  air-passage  leads  to  a 
series  of  air-vesicles,  extending  fi-om  it  to  the  surface  of  the  lobide.  The 
vesicles  which  communicate  most  duectly  with  the  air-passages,  are  more 
minute,  and  have  a  closer  vascular  network,  than  those  which  lie  nearer 
the  surface  of  the  lobule ;  an  arrangement  which  is  in  beautiful  harniony 
with  the  relative  facility  of  renovation  of  the  air  which  they  respectively 

*  See  "  Prin.  of  Phys.,  Gen.  ami  Conip.,"  sS^  321r,  5-2fi,  .527. 

t  See  especially  the  Memoir  by  Mr.  Kainey  in  the  "  Med.-Chirurg.  Trans.,"  vol.  xxviii. 
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cojitain.    The  air- vesicles  have  also  lateral  apertures  into  each  other;  so 
that  all  the  parts  of  any  one  lobule  freely  communicate  together.  The 
walls  of  the  air-vesiclos  are  formed  of  a  very  thin  and  transparent 
membrane,  which  is  folded  shari^ly  at  the  orifices  of  commimication,  so 
as  to  form  a  very  definite  border  to  them;  and  which  is  lined  by  an 
epithelial  layer,  composed  of  minute  jDolygonal  cells  of  from  1-1 600th 
;to  l-22o0th  of  an  inch  in  diameter,  and  from  1 -2800th  to  l-3800th  of 
:'an  inch  in  thickness  (Kolliker).    This  lining  membrane  is  distinctly 
*  fibrous;  and  its  fibres  are  particularly  strong  and  well-marked  around  the 
:' apertures  of  communication  between  the  contiguous  air-cells.  These 
•fibres  have  not  any  resemblance  to  muscular  tissue;  but  rather  corre- 
spond with  those  of  yellow  fibrous  tissue.* — The  diameter  of  the  Human 
aair-cells  is  about  twenty  times  greater  than  that  of  the  capillaries  which 
are  distributed  upon  their  parietes;  varying  (according  to  the  measure- 
ijnent  of  Weber)  from  the  1-2 00th  to  the  1-7  0th  of  an  inch.t    It  has 
been  calculated  by  M.  Rochoux,  that  as  many  as  17,790  air-cells  are 
grouped  ai'ound  each  terminal  bronchus;  and  that  their  total  number 
iamounts  to  no  less  than  *600  millions.    The  capillary  plexus  is  so  dis- 
posed between    the  two  layers 

Kwhich  form  the  walls  of  two  adja-  Fig.  107. 

icent  air-cells,  as  to  expose  one  of 

tits  sm-faces  to  each;  by  wiiich 

>provision  the  full  influence  of  the 

iiir  upon  it  is  secured.    The  net- 

FflTork  of  vessels  is  so  close,  that 

khe  diameter  of  the  meshes  is 

(Mcarcely  so  great  as  that  of  the 

9*apillaries  which   enclose  them; 

mdeed  it  would  be  impossible  to 

o^onceive  of  a  method,  by  which 

l.)lood,  whilst  still  retained  within 

vessels,  shoiQd  be  spread  over  a 

iiarger  surface  for  aeration.  And 
f  not  restricted  within  vessels,  it 

*ould  not    be    ceaselessly  and 

fapidly  driven-oa  by  the  propulsive  power  of  the  heart,  which  acts  no 
"ss  efficiently  upon  the  pulmonary  circulation  than  upon  the  systemic, 
'  hough  the  force  exerted  is  much  inferior,  the  resisting  power  being  far 
■53,  in  consequence  of  the  shortness  of  the  circuit. 
o42.  The  fibrous  coat  of  the  bronchial  tubes  possesses  a  considerable 
laount  of  muscular  contractility,  which  (according  to  the  experiments 
f  Dr.  C.  J.  B.  Williams):}:  may  be  excited  by  electrical,  chemical,  or 

*  It  is  suspec'ted  by  Kolliker  that  there  may  be  muscular  fibre-cells  among  these,  as  he 
s  long  nuclei  in  the  walls  of  the  air- vesicles.  These,  however,  are  neither  so  long  nor  so 
■i-ow  as  the  proper  nuclei  of  the  fibre-cells  (Fig.  79) ;  and  are  just  as  proliably  the  nuclei 
'•apiUary  blood-vessels  (Fig.  07). 

The  dimensions  given  by  Moleschott  ("  De  Vesiculis  Pulmonum  Malpighianis")  are 
ly  much  less  than  these  ;  the  range  of  diameter  being  stated  by  him  at  between  1-1 20111 

^"^^"^'J^th  of  an  inch.    The  Author's  own  observations,  however,  le;id  him  to  regard 
'•ber's  statement  as  very  near  the  truth;  and  that  of  I'rof.  Kolliker  ("  Mikroskonisclie 
latomie,"  band.  ii.  $  lf)G)  is  almost  precisely  the  same.  ~ 
•I:  "Report  of  the  Ikiiish  Association  for  !f!40,"  p.  411. 


Arrangement  of  the  Capillaries  of  the  air-cells  of  the 
Human  Lung. 
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mechanical  stimuli,  applied  to  themselves;  hut  this  is  not  so  readily 
excitable  through  their  nerves,  although  the  experiments  of  Volkmanu  '' 
and  Longett  have  clearly  shown  the  possibility  of  thus  calling  it  into 
action.    This  contractility  resembles  that  of  the  intestines  or  arteries, 
more  than  that  of  the  voluntaiy  muscles  or  heart ;  the  contraction  and 
relaxation  being  more  gradual  than  that  of  the  latter,  though  less  tardy 
than  that  of  the  former.    It  is  chiefly  manifested  in  the  smaller  bron- 
chial tubes,  those  of  less  than  a  line  in  diameter  having  been  seen  to 
contract  gradually  under  the  stimidus  of  galvanism,  until  their  ca^aty 
was  nearly  obliterated ;  on  the  other  hand,  in  the  trachea  and  the  larger 
bronchi,  the  cartilaginous  rings  prevent  any  decided  diminution  in  tiie 
calibre  of  the  tubes,  and  the  muscular  structure  is  much  less  distinct. 
It  is  remarked  by  Dr.  Williams,  that  the  contractility  of  the  bronchial 
muscles  is  soon  exhausted  by  the  action  of  a  stimulus ;  but  that  it  may 
in  some  degree  be  restored  by  rest,  even  when  the  lung  is  removed  from 
the  body.    When  the  stimidation  is  long  continued,  however,  as  by  intense 
irritation  of  the  mucous  membrane  during  life,  the  contractile  tissue 
passes  into  a  state  which  resembles  the  tonic  contraction  of  muscular 
fibre.    The  contractility  is  greatly  affected  by  the  mode  of  death,  and  is 
remarkably  diminished  by  the  action  of  vegetable  narcotics,  particularly 
stiumonium  and  belladonna :  whilst  it  seems  to  be  scarcely  at  all  affected 
by  hydrocyanic  acid.    These  facts  are  very  important,  as  throwing  light 
Tipou  certain  diseased  conditions.    It  has  long  been  suspected,  that  the 
dyspnoea  of  Spasmodic  Asthma  depends  upon  a  constricted  state  of  the 
smaller  bj-onchial  tubes,  excited  through  the  nervous  system,  fi-equeutly 
by  a  stimulating  cause  a  fc  some  distance ;  and  there  can  be  now  little 
doubt  that  such  is  the  case.    The  peculiar  influence  of  stramonium  and 
belladonna,  in  diminishing  the  contractility  of  these  fibres,  harmonises 
remarkably  with  the  well-known  fiict  of  the  relief  frequently  afforded  by 
them  in  this  distressing  malady. — It  has  been  maintained  by  Dr.  Rad- 
clyffe  Hall,  J  that  the  contractility  of  the  bronchial  tubes  is  called  into 
action  in  each  expiratory  movement,  to  assist  in  emptying  the  lungs.  But 
no  evidence  has  been  adduced  in  support  of  this  doctrine ;  and  its  impro- 
bability is  appai'cnt  from  the  obvious  fact,  that  a  contraction  of  the  air- 
tubes  would  impede,  rather  than  promote,  the  emptying  of  the  aii- 
vesicles.    It  seems  more  j)robable  that  it  serves  to  regulate  the  supply  of 
air  to  the  lobules,  in  accordance  with  the  wants  of  the  system,  just  as  the 
contractility  of  the  miimte  arteries  regulates  the  supply  of  blood  to  the 
organs  to  which  they  proceed ;  and  it  may  possibly  be  through  this  chau- 
nel,  that  the  remarkable  variation  is  effected  in  the  amount  of  respira- 
tion, which  adapts  the  quantity  of  heat  produced  to  the  depression  of  the 
external  temperatru-e  (§  538).    It  has  been  further  suggested  by  Dr.  W. 
T.  Gairdner,  §  that  the  contractiUty  of  the  smaller  bronchi  may  serve  to 
expel  collections  of  mucus  which  have  accumulated  in  them,  and  which 
neither  ciHary  action  nor  the  ordinary  expu-atory  efforts  sufiice  to 
displace. 

543.  Although  there  is  no  sufficient  reason  to  believe  that  the  Lungs 

*  "  Wagner's  Handworterbuch,"  art.  '  Nervcnplij-siologic,'  §  586. 
+  "  Anat.  et  Pbysiol.  du  Systcnie  Nerveux,"  torn.  ii.  p.  289. 
t  "Transactions  of  Provincial  Medical  Association,"  1850. 
§  "  Edinburgh  Monthly  Journal,"  May,  1.S51. 
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are  possessed  of  any  power  of  vital  contractility,  yet  their  Elasticity 
prevents  them  from  being  altogether  passive  agents  in  the  resjDiratory 
pemtion.    The  elastic  tension  is  rapidly  increased  by  the  dilatation  of  the 
kings  AAdth  air;  and  the  carefully  conducted  experiments  of  Dr.  Hutch- 
inson* lead  him  to  estimate  it  at  certainly  not  less  than  -^Ib  upon  each 
squai^e  inch  of  surface,  when  the  lungs  have  been  filled  by  the  deepest 
possible  inspiration;  so  that  its  whole  amount'  (reckoning  an  average 
•  siu-face  of  300  sq.  in.  for  the  male,  and  247  sq.  in.  for  the  female)  will  be 
;not  less  than  ISOlbs  for  the  male,  and  123|-lbs  for  the  female.  This 
!  force  is  exerted  in  aid  of  the  ea;piratory  movement,  and  is  directly  anta- 
1  gonistic  to  the  -inspiratory ;  so  that  the  inspiratory  muscles  must  over- 
;  come  it,  in  order  to  produce  complete  distension  of  the  pulmonary  cavities. 
'  This  distension  is  entirely  accomplished  by  the  action  of  the  muscles 
t  external  to  the  thorax,  or  partly  forming  its  parietes.    The  lung  com- 
;  pletely  fills  the  cavity  of  the  plem-a,  in  the  healthy  state  at  least ;  so 
'  that,  when  this  is  enlarged,  a  vacuum  would  be  produced,  if  it  were  not 
■  occupied  by  a  corresjDonding  enlargement  of  the  lung;  and  to  efiect  this, 
;  the  an-  rushes  down  the  trachea,  and  thence  passes  into  the  entire  sub- 
-  stance  of  the  lung,  which  it  fills-out  in  every  dimension.    This  distension 
lis  much  more  complete  than  any  that  could  be  occasioned  by  simple 
i  insufflation  from  the  trachea ;  for  long  before  the  internal  pressure  could 
overcome  the  resistance  set  up  by  the  elasticity  of  the  lungs,  and  still 
more  by  that  of  the  parietes  of  the  chest  (§  545),  to  the  fuU  dilatation  of 
the  air-vesicles,  the  tissue  of  the  lung  itself  would  be  almost  certain  to 
ive  way.    This  has  actually  happened  in  numerous  instances;  and  it 
constitutes  a  very  forcible  objection  to  the  use  of  any  apparatus  for 
cirtificial  respiration,  whose  action  is  that  of  'insufflation.' — The  complete 
ilepeudeuce  of  the  expansion  of  the  Lungs  upon  the  enlargement  of  the 
i  avity  of  the  chest,  is  well  shown  by  the  effect  of  admission  of  air  into 
the  pleural  cavity.    When  an  aperture  is  made  on  either  side,  so  that  the 
ir  rushes-in  at  each  inspiratory  movement,  the  expansion  of  the  lung  on 
■  hat  side  is  diminished,  or  entirely  prevented,  in  proportion  to  the  size  of 
rhe  apertm'e.    If  air  can  enter  through  it  more  readily  than  through  the 
achea,  an  entire  collapse  of  the  lung  takes  j)lace;  and  by  making  such 
u  apertm-e  on  each  side,  complete  asphyxia  is  produced.    But  if  it  be 
i  oo  small  to  admit  the  very  ready  passage  of  air,  the  vacuum  produced 
l)y  the  inspiratory  movement  is  more  easily  filled  by  the  distension  of 
Hie  lungs,  than  by  the  rush  of  air  into  the  pleural  cavity;  so  that  a 
ifi&cient  amount  of  change  takes  place  for  the  maintenance  of  life. 
'  his  is  frequently  observed  in  the  case  of  penetrating  wounds  of  the 
horax,  in  the  surgical  treatment  of  which,  it  is  of  great  importance  to 
lose  the  aperture  as  completely  as  possible;  when  this  has  been  accom- 
lished,  the  air  that  had  found  its  way  into  the  cavity  is  soon  absorbed, 
iud  the  lung  resumes  its  full  play.    Where  one  lung  is  obstructed  by 
•ubercular  deposit,  or  is  prevented  in  any  other  way  from  rightly  dis- 
harging  its  function,  an  opening  that  fi'cely  admits  air  into  the  pleural 
iavity  of  tlie  other  side,  is  necessarily  attended  with  an  immediately 
atal  result;  and  in  this  manner  it  not  unfrequently  happens  that  chronic 
.ulmonary  diseases  suddenly  terminate  in  Asphyxia,  a  communication 

*  "  Cyclopscdia  of  Anatomy,"  ait.  '  Thorax,'  vol.  iv.  p.  1051). 
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being  opened  by  ulceration  between  a  bi-oncliial  tube  and  the  cavity  of 
the  thorax. 

544.  Of  the  Resjnratory  Movements. — The  dilatation  of  the  Pleura] 
cavity  diiriug  Inspiration,  is  chiefly  accomplished  by  the  contraction  of 
the  Diaphragm,  which,  from  the  high  arcli  that  it  previously  formed, 
becomes  neai'ly  plane;  in  this  change  of  figure,  it  presses  on  the  abdo- 
minal viscera,  so  as  to  cause  them  to  protrude,  which  they  are  enabled 
to  do  by  the  relaxation  of  the  abdominal  muscles.    In  ordinary  tranquil 
breathing  (especially  in  childi-en),  the  action  of  the  diaphragm  is  alone 
nearly  sufficient  to  produce  the  necessary  exchange  of  air ;  but,  when  a 
full  inspiration  is  required,  the  cavity  of  the  chest  is  dilated  laterally  and 
antero-posteriorly,  as  well  as  inferioi-ly.    The  enlargement  of  the  chest 
in  both  these  directions  is  efloctcd  by  the  elevation  of  the  ribs;  for 
whilst,  in  the  ixndilated  state  of  the  thorax,  the  ribs  form  an  angle  with 
their  cartilages,  which  becomes  less  and  less  obtuse  as  we  pass  from  the 
first  rib  downwai'ds,  the  elevation  of  the  ribs  tends  to  bring  them  and 
their  cartilages  more  nearly  into  a  line,  and  thus  separates  them  more 
widely  from  the  median  plane,  and  at  the  same  time  causes  them  to  push 
forwards  the  sternum.    Owing  to  the  greater  length  of  the  lower  true 
ribs,  and  the  greater  obliquity  of  their  junction  with  their  cartilages, 
both  these  changes  are  more  considerable  in  the  lower  part  of  the  thorax 
than  in  the  upper ;  and  this  is  especially  the  case  in  adult  men,  whose 
respiration  has  been  designated  as  '  inferior  costal,'  whilst  in  females  the 
mobility  of  the  first  rib  and  of  the  whole  of  the  upper  part  of  the  thorax 
is  greatei',  so  that  their  respiration  may  be  designated  as  '  superior 
costal.' — The  thoracic  muscles  whose  contraction  participates  in  the  ordi- 
nai-y  movements  of  Inspiration,  are  (according  to  Dr.  Hutchinson,  Op. 
cit.,  p.  1055)  the  external  intercostal,  with  those  portions  of  the  interaal 
intercostals  which  pass  between  the  cartihiges,  the  levatores  costarum, 
and  a  portion  of  the  triangularis  sterni,  all  of  which  liave  the  same  action, 
that  of  elevating  the  ribs.    On  the  other  hand,  the  thoracic  Expiratory 
muscles  are  the  proper  costal  portion  of  the  internal  intercostals,  with 
the  infracostales,  and  a  part  of  the  triangularis  stemi.    The  expiratory 
movement  will  be  assisted  also  by  the  abdominal  muscles,  which  antago- 
nize the  diaphragm  by  pressing-back  the  abdominal  viscera,  and  thus 
causing  its  ascent  so  soon  as  it  has  become  relaxed.    There  are  mauy 
accessory  muscles,  however,  wliich  take  a  share  in  violent  respiratoiy 
movements,  both  inspuatory  and  expiratory.    Thus  all  the  muscles  which 
elevate  the  scapula,  may  act  through  it  upon  the  ribs,  and  the  scaleni 
act  directly  upon  the  first  rib ;  whilst  all  those  which  erect  the  spine, 
fix  more  perfectly  the  origins  of  these  and  other  muscles  which  are  to  act 
upon  the  thorax.    So,  again,  the  expiratory  movement  is  aided  by  the 
longissimus  dorsi,  sacro-lumbalis,  and  other  muscles  which  tend  to  de- 
press the  ribs.    In  difficult  respiration,  almost  every  muscle  in  the  body 
is  made  in  some  way  subservient  to  the  distension  of  the  chest;  thus,  a 
patient  suffering  under  urgent  dyspnosa  instinctively  lays  hold  of  some 
fixed  object,  so  as  to  prevent  his  upper  extremities  fi-om  moving;  and 
thus  his  scapula  becomes  a  fixed  point,  from  which  the  pectorales  (major 
and  minor)  and  serratus  magnxis  can  aid  in  elevating  the  ribs. 

545.  The  relative  amount  of  muscular  force  which  is  required  for  these 
two  movements  respectively,  is  affected  in  a  very  remarkable  manner  by 
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the  elasticity  of  the  walls  of  the  thoracic  cavity;  for  this  (like  the  elas- 
ticity of  the  lungs)  supplies  a  force  which  greatly  aids  the  e^rpiratory 
movement,  whilst  it  offers  a  corresponding  opposition  to  the  inspiratory. 
Here,  also,  the  degree  of  force  exerted  increases  very  rapidly  with  the 
degi'ee  of  distension.    Thus  in  a  body  experimented-on  by  Dr.  Hutchin- 

■  6on  (Op.  cit.  p.  1056),  the  following  were  the  relations  between  the 
amount  of  air  forced-in,  the  resisting  elasticity,  as  shown  by  the  height 
of  mercuiy  supported,  the  actual  pressure  upon  each  square  inch  of 

•  surface  which  this  indicated,  and  the  total  pressure  over  the  surface  of 

Ithe  chest,  reckoning  its  area  at  206  square  inches  : — 

Pressure  in  height    Pressure  Total 
Cttbic  inches.  of  Mercury .       persq.in.  Pressure. 

Air  forced  in    .     70  Resisting  elasticity  1 -00  inch.  7'8  oz.  104-4  lbs. 

90          „          „       1-50    „  11-7  „  150-6  „ 

180          „          „       3-25    „  25-3  „  326-3  „ 

200          „          „       4-50    „  35-1  „  451-9  „ 

To  this  451 -9 lbs.  must  be  added  at  least  128 lbs.  for  the  elastic  force  of 
i:he  lungs  themselves  at  that  degree  of  distension,  making  altogether 
■5801bs. ;  and  as  the  subject  of  this  observation  could  expire  during  life 
lionsiderably  more  air  than  the  highest  amount  forced  into  his  chest  after 
death,  there  can  be  little  doubt  (judging  from  the  rapid  ratio  in  which 
b;he  elastic  force  increases  when  the  distension  is  approaching  its  limits) 
hat  the  muscular  power  required  to  overcome  this,  towards  the  close  of 
j,  :  veiy  deep  inspu-ation,  could  not  have  been  less  than  1000 lbs.  The 
•-operation  of  the  elastic  resistance  with  the  expkatory  movement,  and 
>  antagonism  to  the  inspiratoi-y,  is  doubtless  the  principal  cause  why 
lie  power  of  the  expiratory  muscles,  as  tested  by  the  height  of  the 
'jlumn  of  mercury  supported  by  the  air,  should  always  be  greater  than 
•  lat  of  the  inspiratory  muscles  (see  Dr.  Hutchinson,  Op.  cit.  p.  1061)  j  and 
hy  the  expiratory  power  should  be  very  much  greater  when  the  chest 
as  been  well  filled  with  air,  than  when  it  is  comparatively  empty.  The 
jllowing  is  given  by  Dr.  Hutchinson  as  the  range  through  which  these 
'wers  may  vaiy  within  the  limits  of  health  : — 

Power  of  Power  of 

Inspiratory  Muscles.  Expiratory  Muscles. 

1-  5  inch.    Weak  .  .  .  .  .2-0  inches. 

2-  0  „  Ordinary  .  .  .  .  .  2-5  „ 
2*5  „  Strong  .  .  .  .  .  3-5  „ 
3'5  „  Very  strong  ....  4-5  „ 
4*5  „  Remarkable  .....  5.8  „ 
5'5  „  Very  remarkable  ....  7-0  „ 
6-0  „  Extraordinary  ....  8-5  „ 
7*0  „  Very  extraordinai-y        .          .          .  10*0  „ 

10  expiratoi-y  power  may  be  augmented  by  the  habitual  performance  of 
'vements  in  which  they  participate;  and  thus  the  inspiratory  power  is 
c  preferable  test  of  the  vis  vitce.  This  has  been  found  by  Dr.  Hutchin- 
H  to  bear  some  relation  to  height,  being  greatest  (on  an  average  of  a 
Msiclerable  number  of  cases)  when  the  stature  is  5  feet  7  or  8  inches; 
'1  diminishing  above  that  height,  as  well  as  below  it. 
•^46.  It  is  impossible  to  form  a  correct  estimate,  by  observations  on 
o's-self,  of  the  usual  number  and  degree  of  the  respiratory  movements; 
ce  the  direction  of  the  attention  to  them  is  certain  to  increase  their 
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frequency  and  amount.  In  general  it  may  be  stated,  that  from  1 6  to  20 
alternations  u&ually  occm-  in  a  minute  ;*  of  these,  the  ordinary  inspirations 
involve  but  little  movement  of  the  thorax;  but  a  greater  exertion  is 
made  at  about  every  fifth  recurrence.  The  average  numerical  proportion 
of  the  respiratory  movements  to  the  pulsations  of  the  heart,  is  about 
1  :  5,  1  :  4^,  or  1  :  4 ;  and  when  this  proportion  is  widely  departed  from, 
there  is  reason  to  suspect  some  obstruction  to  the  aeration  of  the  blood, 
or  some  disorder  of  the  nervous  system.  Thus  in  Pneumonia,  in  which  a 
greater  or  less  amomit  of  the  lung  is  unfit  for  its  office,  the  number  of 
respirations  increases  in  a  more  rapid  proportion  than  the  acceleration  of 
the  Ionise ;  so  that  the  ratio  becomes  as  1  to  3,  or  even  1  to  2,  in  accord- 
ance \^dth  the  degree  of  engorgement.  +  In  Hysterical  patients,  how- 
ever, a  similar  increase,  or  even  a  greater  one,  may  take  place  mthout 
any  serious  cause ;  thus  Dr.  Elliotson mentions  a  case,  in  which  the 
respiratory  movements  of  a  young  female,  through  nervous  affection, 
were  98  or  even  106,  whilst  the  pulse  was  104.  On  the  other  hand,  the 
respirations  in  certain  typhoid  conditions  and  in  narcotic  poisoning 
become  abnormally  slow,  owing  to  the  torpid  condition  of  the  nervous 
centres,  the  pi-opoi'tion  being  1  to  6,  or  even  1  to  8;  and  in  such  cases, 
the  lungs  not  unfrequently  become  ocdematous,  from  a  cause  hereafter  to 
be  mentioned  (§  556). 

547.  Not  only  tlie  rate  of  the  Respiratory  movements,  but  also  their 
extent,  is  affected  by  various  morbid  conditions;  thus  when  dislocation 
of  the  spine  takes  place  above  the  origin  of  the  intercostal  nerves,  but 
below  that  of  the  j)hi-euic,  so  that  the  former  are  paralysed,  the  resph-a- 
tory  movement  is  confined  to  the  diaphragm  :  and  as  this  is  insufficient, 
serum  is  effiised  into  the  lungs,  and  a  slow  Asphyxia  supervenes,  which 
usually  proves  fatal  in  from  three  to  seven  days.  Even  where  the  muscles 
and  nerves  are  all  capable  of  action,  the  full  performance  of  the  inspiratoiy 
movements  is  prevented,  by  the  solidification  or  engorgement  of  any  part 
of  the  lung,  which  interferes  with  its  free  distension;  or  by  adhesions 
between  the  pleural  sm-faces,  which  offer  a  still  more  direct  impediment. 
When  these  adhesions  are  of  long  standing,  they  are  commonly  stretched 
into  bands,  by  the  continual  tension  to  which  they  are  subjected.  If  the 
impeding  cause  affect  both  sides,  the  movements  of  both  will  be  alike 
interfered  with ;  but  if  one  side  only  be  affected,  its  movements  will  be 
diminished,  whilst  those  of  the  other  remain  natural ;  and  the  physician 
hence  frequently  derives  an  indication  of  gi'cat  value,  in  regard  to  the 
degree  in  which  the  lung  is  incapable  of  performing  its  functions.  It  ^ 
to  be  remembered,  however,  that  the  action  both  of  the  diaplu-agm  and 
of  the  elevators  of  the  ribs  may  be  prevented,  by  pain  either  in  the 
muscles  themselves  or  in  the  parts  which  they  move ;  thus  the  descent  of 
the  chaphragm  is  checked  by  inflammation  of  the  abdominal  viscera  or  of 
the  peritoneum ;  and  that  of  the  intercostals  by  rheumatism,  pleuritis, 
pericarditis,  or  other  painftil  disorders  of  the  pai-ts  forming  the  parietes 
of  the  thorax. 

*  See  Dr.  Hutchinson's  Table,  in  "  Cyclop,  of  Anat.  and  PIij^s.,"  vol.  iv.  p.  1085. 

t  See  a  Paper  by  Dr.  Hooker,  on  the  '  Relation  between  the  Respiratory  and  Circulating 
Functions,'  in  the'"  Boston  (N.  E.)  Medical  and  Surgical  Journal  an  abstract  of  whici 
will  be  found  in  the  "  British  and  Foreign  Medical  Review,"  vol.  iv.  p.  263. 

J  "  Physiology,"  p.  215,  note. 
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548.  We  have  now  to  inquire  into  the  mode  in  which  the  Muscular 
movements  of  Respiration  are  kept  up  by  Nervous  power. — There  can  be 
no  doubt  that  these  movements,  though  partly  under  tlie  control  of  the 
Will,  are  essentially  'automatic'  in  their  nature.  Their  chief  centre  is  the 
upper  part  of  the  Medulla  Oblongata,  into  which  may  be  traced  the 
principal  excitor  nerves  that  convey  the  stimulus  on  which  the  move- 
ments are  dependent,  whilst  from  it  proceed  the  principal  motor'  nerves 
by  which  they  are  carried  into  effect.  And  thus  it  happens  that  the 
whole  of  the  Encephalon  may  be  removed  from  above,  and  the  Spinal 
ord  (as  far  up  as  the  origin  of  the  phrenic  nerve)  from  below,  without 
-uspendiug  the  most  essential  of  the  respiratory  movements.  But  other 
parts  of  the  automatic  centres  are  concerned  in  the  ordinary  movements 
of  respiration;  and  there  is  probably  no  part  that  may  not  be  excited 
ro  action,  by  the  extraordinary  stimulus  which  results  from  a  prolonged 
interruption  to  the  aeration  of  the  blood  (§  546),  The  chief  'excitor' 
'  >f  the  respiratory  movements  is  unquestionably  the  Pneumogastric  nerve. 
When  this  is  divided  on  both  sides,  according  to  the  experiments  of  Dr,  J. 
lleid,*  the  number  of  respiratory  movements  is  considerably  diminished, 
isaally  about  one-half  Now  if  this  nerve  excites  the  motions  of  resj)ira- 
tion  by  its  powerful  action  in  producing  sensation,  we  should  expect  to 
find  its  trunk  endowed  with  considerable  sensibihty,  which  is  not  the 
case;  for  all  experimenters  agree  in  stating  that,  when  its  trunk  is 
pinched  or  pricked,  the  animal  does  not  exhibit  signs  of  pain  nearly  so 
acute,  as  when  the  trunks  of  the  ordinary  spinal  nerves,  or  of  the  fifth 
pair,  are  subjected  to  similar  treatment.  It  cannot  be  questioned,  how- 
ever, that  its  j)ower  as  an  excitor  of  respiration  is  very  great;  since, 
besides  the  fact  of  the  diminution  in  the  number  of  inspirations  which 
occiu-s  immediately  on  section  of  it,  irritation  of  its  trunk  in  the  neck  is 
instantly  followed  by  an  act  of  inspiration,  Lt  is  evident  that  this  power 
must  arise  from  impressions  made  upon  its  peripheral  extremities.  The 
impression  is  probably  due  to  the  presence  of  venous  blood  in  the  capil- 
laries of  the  lungs ;  or,  as  Dr.  M.  Hall  thinks,  to  the  presence  of  carbonic 
acid  in  the  air-cells.  Either  or  both  may  be  true. — The  Pneumogastric 
nerve,  however,  is  not  the  only  excitor  of  the  respiratory  movements; 
smce,  when  the  nerve  is  cut  on  each  side,  they  still  continue,  though  with 
loss  frequency.  The  removal  of  the  Encephalon  diminishes  the  fre- 
(juency  of  the  respu'atory  movements,  whether  it  be  performed  before  or 
after  the  section  of  the  Vagi,  Dr,  Reid  found  that  in  a  kitten  of  a  day 
old,  in  which  the  inspirations  had  been  100  per  minute,  they  fell  to  40 
when  the  Encephalon  was  removed;  and  on  subsequently  cutting  the 
I*neumogastrics,  the  number  of  inspirations  instantly  fell  to  between  3 
■  md  4  in  the  minute,  and  contiuued  so  for  some  time.  Hence  it  has  been 
iipposed  that  the  respiratory  movements  are  partly  dependent  upon  sen- 
ition,  a  motor  influence  being  excited  by  it ;  but  it  may  be  fairly  surmised, 
l  om  the  close  dependence  of  nervous  activity  upon  the  oxygenation  of 
he  blood,  that  a  '  besoin  de  respirer'  may  originate  in  the  circulation  of 


"  "  Edinb.  Med,  and  Surg.  Journ.,"  vol.  li.;  and  "  I'hys.,  Anat.,  and  Pathol.  Res.'" 
•  177.— Dr,  Rcid  has  satisfactorily  shown  the  statement  of  many  experimenters,  that  the 
ispirations  are  increased  in  frequency  after  this  operation,  to  be  erroneous  ;  this  idea  having 
nginated  in  their  very  prolonged  and  laborious  ciiaracter. 


520 


Oi<'  UEiSi'iKATlON. 


iiuperfeotly  aerated  blood  in  the  nervous  centres  tlicrnselves,  and  may 
become  the  dh-ect  excitor  of  respiratory  movements. 

549.  But  why  (it  may  be  asked)  do  the  movements  continue,  when  the 
Pneumogastrics  have  been  divided,  and  the  Enceplialon  has  been  removed? 
It  is  evident  that  there  must  be  other  exciters  to  the  action  of  the  respi- 
ratory muscles.  Amongst  these,  the  nerves  distributed  to  the  general 
surface,  and  particularly  to  the  face,  probably  perform  an  important  part ; 
and  in  exciting  the  first  inspiration,  the  Fifth  pair  seems  the  principal 
agent.  It  has  long  been  a  weU-known  fact,  that  the  first  inspiratory 
effort  of  the  new-born  infant  is  most  vigorously  performed,  when  the  cool 
external  air  comes  into  contact  with  the  face;  and  that  impressions  on 
tlie  general  siu-face,  such  as  a  slap  of  the  hand  on  the  nates,  are  often 
elfectual  in  exciting  the  first  inspiratory  movements,  when  they  would  not 
otlierwise  commence.  Dr.  M.  Hall  relates  an  interesting  case,  in  which 
tlie  fii'st  inspiration  was  delayed,  simply  because  the  face  was  protected 
by  the  bed-clothes  from  the  atmosphere;*  and,  on  lifting  up  these,  the  in- 
fant immediately  breathed.  Dr.  M.  Hall  has  also  mentioned  the  important 
fact,  that  although,  if  the  cerebrum  be  removed,  and  the  pneumogastrics 
divided,  in  a  young  kitten,  the  number  of  acts  of  resj)iration  wiU  be 
reduced  to  four  in  a  minute,  yet  by  directing  a  stream  of  air  on  the 
animal,  or  by  irritating  varioiis  parts  of  the  general  surface,  Ave  may 
excite  twenty  or  thirty  acts  of  respiration  A^thm  the  same  space  of  time. 
He  further  remarks,  tliat  in  the  very  young  warm-blooded  animal,  as  in 
the  cold-blooded  animal,  the  phenomena  of  the  excito-motor  power  are 
far  more  vividly  manifested,  than  in  the  older  and  warm-blooded.  In 
the  very  young  kitten,  even  when  asj)hyxiated  to  insensibility,  every 
touch,  contact,  or  slight  blow,  every  jai-  of  the  table,  any  sudden  impres- 
sion of  the  external  air,  or  that  of  a  few  drops  of  cold  water,  induces 
at  once  energetic  reflex  movements,  and  acts  of  inspiration.  This  .may 
be  looked  upon  as  Nature's  provision  for  the  first  establishment  of  the 
acts  of  inspiration  in  the  new-horn  animal. — But  the  influence  of  the 
nerves  of  the  general  system  is  by  no  means  wanting  in  the  adult ;  as 
many  familial*  facts  demonstrate.  Every  one  knows  the  fact,  that  the 
first  plunge  into  cold  water,  the  first  descent  of  the  streams  of  the 
shower-bath,  or  even  the  dashing  of  a  glass  of  cold  water  in  the  face,  will 
produce  inspu-atory  eSbrts ;  and  this  fact  has  many  important  practical 
applications.  Thus  in  the  treatment  of  Asphyxia,  whether  congenital,  or 
the  result  of  narcotic  poisoning,  drowning,  &c.,  the  alternate  application 
of  cold  and  heat  is  found  to  be  one  of  the  most  efi&cacious  means  of 
restoring  the  respiratory  movements;  and  a  paroxysm  of  hysteric  laugh- 
ter may  be  cut  short  by  dashing  a  glass  of  cold  water  in  the  face.  One 
of  Dr.  Reid's  experiments  strikingly  demonstrates  the  variety  of  the  pro- 
visions that  have  been  made  for  the  performance  of  this  function.  After 
dividing  the  pneumogastrics,  and  removing  the  cerebrum  and  cerebellum, 
he  divided  the  spinal  cord  high  up  in  the  neck,  so  as  to  cut  oflF  the  com- 
munication between  the  spinal  nerves  and  the  Medulla  Oblongata ;  and  ho 
found  that  the  frequency  of  the  respiratory  movements  was  still  further 
diminished,  although  they  were  not  even  then  entkely  suspended;  then- 
continuance,  after  every  channel  of  excitation  appeared  to  have  been  cut 

•  "  Now  Memoir  on  the  True  Spinal  Marrow,"  &.C.,  [>.  20, 
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•fl^  beiug  probably  dependent  (as  Dr.  Reid  has  suggested)  on  the  circula- 
ion  of  imperfectly  aerated  blood  in  the  Medulla  Oblongata. — It  seems 
ot  improbable  that  even  the  Sympathetic  uei-ve,  which  derives  many 
laments  from  the  Cerebro-Spinal  system,  and  which  especially  commu- 
icatt^s  with  the  Pneumogastric  nerves,  may  be  one  of  the  exciters  to  this 
:  motion  ;  and  this,  perhaps,  not  only  through  its  ramifications  in  the 
i.mgs,  which  are  considerable,  but  also  by  its  distribution  on  the  systemic 
i.essels;  so  that  it  may  convey  to  the  Spinal  Cord  the  impression  of  im- 
i-erfectly-arterialized  blood  circulating  through  these,  such  as  the  Pneu- 
mogastric is  beheved  to  transmit  from  the  lungs. 

550.  The  Motor  or  '  efferent'  nerves  concerned  in  the  fanction  of 
despiiution,  are  those  which  Sir  0.  Bell  has  grouped  together  in  his 
u'espiratory  system.'  The  most  important  of  these,  the  Phrenic,  arises 
.•om  the  upper  part  of  the  Spinal  Cord;  the  Intercostals  much  lower 
own ;  whilst  the  Facial  nerve  and  the  Spinal  Accessory,  to  the  latter  of 
^  hich,  as  will  be  shown  hereafter  (chap.  xiv.  Sect.  2),  the  motor  powers 
'f  the  Pneumogastric  are  chiefly  due,  take  their  origin  in  the  Medulla 
'  'blougata  itself.  But  we  must  not  decide  upon  the  connection  of  a  par- 
cular  nevye  with  a  particular  segment  of  the  Spinal  Cord,  simply  because 
;  diverges  from  it  at  that  point ;  and  the  analogy  of  the  Invertebrated 
aiasses  favom's  the  idea,  that  a  direct  structural  connection  exists  between 
iQe  g-angUonic  centre  of  the  Respiratory  movements,  and  the  nerves  which 
a'ansmit  their  influence  to  the  muscles.  Upon  this  point,  however,  it  is 
msafe  to  speculate ;  and  we  can  only  state  it  as  a  possibility,  that  some 
ach  connection  may  be  established  in  Vertebrated  animals  through  the 
ihite  columns  of  the  spinal  cord. 

•  551.  That  the  Respfratoiy  movements,  as  ordinarily  performed,  are 
stiseutially  independent  of  the  Will,  appears  not  only  from  our  own  con- 
iviiousness,  but  also  from  cases  of  paralysis;  in  some  of  which,  the  power 
f  the  wiU  over  the  muscles  has  been  lost,  whilst  the  movements  have 
en  kept  up  by  the  reflex  action  of  the  Medulla  Oblongata  or  respiratory 
iigliou;  whilst  in  others,  some  of  the  respiratory  muscles  have  been 
•itionless  during  ordinary  breathing,  and  yet  have  remained  under  the 
ver  of  the  will.*    That  consciousness  is  not  a  necessary  link  in  the 
tin  of  causes  which  produce  the  respiratory  movements,  we  are  enabled 
'  j  udge  from  the  phenomena  presented  by  the  human  beiug  in  sleep  and 
'Ilia,  by  anencephalous  foetuses,  and  by  decapitated  animals.    This  con- 
sion  is  confirmed  by  a  case  recorded  by  Dr.  H.  Ley,t  who  had  under 
-  care  a  patient  in  whom  the  pneumogastrics  appeared  to  be  diseased; 
■  lungs  suffered  in  the  usual  way  in  consequence,  and  the  patient  had 
1  deutly  laborious  breathing  ;  but  he  distinctly  said  that  he  felt  no 
I  easiness  in  his  chest. — The  experience  of  every  one  informs  him,  that  the 
spiratory  movements  are  partly  under  the  control  and  direction  of  the 
n,  though  frequently  unrestrainable  by  it.    In  ordinary  circumstances, 
i;-!u  the  blood  is  beiug  perfectly  aerated,  and  there  is  a  sufficient  amount 
irterial  blood  in  the  system  to  carry  on  the  functions  of  life  for  a  short 
•le,  we  can  suspend  the  respiratory  actions  during  a  few  seconds  without 
V  inconvenience.    If,  however,  we  endeavour  to  prolong  the  suspension, 

Such  cases  are  mentioned  b}'  Sir  C.  Bell,  in  the  Appendix  to  his  work  on  the  Nervous 
■Icm. 

"On  Laryngismus  Stridulus,"  p.  417. 
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the  stimulus  conveyed  by  the  exciter  nerves  to  the  Medulla  Oblongata 
becomes  too  strong,  and  we  cannot  avoid  making  inspiratory  efforts;  aud 
if  the  suspension  be  still  further  prolonged,  the  whole  body  becomes 
agitated  by  movements  which  are  almost  of  a  convulsive  nature,  and  no 
effort  of  the  will  can  then  j^revent  the  ingress  of  air.*  It  is  easy  to 
understand  why,  in  the  higher  animals  at  least,  and  more  especially  in 
Man,  the  respiratory  actions  should  be  thus  placed  under  the  control 
of  the  will :  since  they  are  subservient  to  the  production  of  those  sounds, 
by  which  individuals  communicate  their  feelings  and  desires  to  each 
other ;  and  which,  when  articulate,  are  capable  of  so  completely  ex- 
pressing what  is  passing  in  the  mind  of  the  speaker.  If  the  respiratoiy 
muscles  of  Man  were  no  more  under  his  control,  than  they  appear  to 
be  in  the  Insect  or  Molluscous  animal,  he  might  be  provided  with  the 
most  perfect  apparatus  of  speech,  and  yet  he  would  not  be  able  to  employ 
it  to  any  advantage. 

552.  The  motor  power  of  the  Respiratoiy  nerves  is  exercised,  however, 
not  only  on  the  muscles  which  perform  the  inspiratory  and  expiratoiy 
movements,  but  on  those  which  guard  the  entrance  to  the  wind-pipe,  and 
also  on  certain  other  parts.  The  movements  of  the  internal  respiratory 
apparatus  ai'e  chiefly,  if  not  entirely,  effected  through  the  medium  of  the 
motor  fibres,  which  the  Pneumogastric  contains.  These  motor  fibres  exist 
in  very  different  proportions  in  its  different  branches.  For  example,  the 
pharyngeal  and  oesophageal  branches,  by  which  the  muscles  of  deglutition 
are  excited  to  contraction  (§§  427,  428),  possess  a  much  larger  amount 
of  them,  and  exhibit  much  less  sensibility  Avhen  irritated,  than  do  other 
divisions  of  the  trimk.  Between  the  supei'ior  and  inferior  laryngeal 
nerves,  ag-ain,  there  is  an  important  difference,  which  anatomical  and 
experimental  research  has  now  very  clearly  demonstrated.  It  has  long 
been  known,  that  section  of  the  Pneumogastrics  in  the  neck,  above  the 
inferior  laryngeals,  is  frequently  followed  by  suffocation,  resulting  from 
closiu-e  of  the  glottis ;  and  hence  it  has  been  inferred,  that  the  office  of 
the  inferior  laryngeals  was  to  call  into  action  the  dilators  of  the  lai'ynx, 
Avhilst  the  suijerior  laiyngeals  were  supposed  to  stimulate  the  con- 
strictors. This  view,  however,  is  incorrect.  It  is  inconsistent  vnth  the 
results  of  anatomical  examination  into  the  respective  distribution  of  these 
two  trunks ;  and  it  has  been  completely  overthrown  by  the  very  cai'eful 
and  satisfactory  observations  and  experiments  of  Dr.  J.  fleid,t  which  have 
established  that,  whilst  the  inferior  laryngeal  is  the  motor  nei-ve  of  nearly 
all  the  laryngeal  muscles,  the  superior  laryngeal  is  the  excitor  or  afferent 
nerve,  conveying  to  the  Medulla  Oblongata  the  impressions  by  which 
miisculai-  movements  ai-e  excited.    Its  motor  endowments  are  limited  to 

*  It  is  asserted  by  M.  Bourdon  ("  Recberches  sur  le  Mecanisme  de  la  Respiration," 
p.  21),  that  no  person  ever  committed  suicide,  though  many  have  attempted  to  do  so,  by 
simply  holding  the  breath  ;  the  control  of  the  will  over  the  respiratory  muscles  not  be.ng 
sufficiently  great,  to  antagonise  the  stimulus  of  the  "  besoin  de  respirer,"  when  this  ha* 
become  aggravated  by  the  temporary  cessation  of  the  action.  But  such  persons  have  suc- 
ceeded better,  by  holding  the  face  beneath  the  surface  of  water  ;  because  here  another  set  oi 
muscles  is  called  into  action,  which  are  much  more  under  the  control  of  the  will,  than  are 
those  of  respiration  ;  and  a  strong  volition  applied  to  these  can  prevent  all  access  of  air  to  tn 
lungs,  however  violent  may  be  the  inspiratory  efforts.  i  w  " 

t  "  Edinb.  Med.  and  Surg.  Journ.,"  Jan.  1838  ;  and  «  Anat.,  Physiol,  and  Pathol.  Kes., 
chap.  iv. 
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le  crico-thyroid  muscle,  to  which  alone  of  all  the  muscles  its  filaments 
.u  bo  traced,  the  remainder  being  distributed  beneath  the  mucous 
rfiice  of  the  larjmx ;  and  its  sensibility  is  very  evident,  when  it  is 
nched  or  instated  during  experiments  upon  it.    On  the  other  hand, 
'  motor  character  of  the  inferior  laryngeal  branch  is  shown  by  its  very 
j,ht  sensibility  to  injury,  its  nearly  exclusive  distribution  to  muscles, 
d  its  influence  in  exciting  contraction  of  these  when  its  separated  trunk 
stimulated. 

153.  It  has  been  ascertained  by  Dr.  J.  Reid,  that,  if  the  inferior  laryngeal 
inches  be  divided,  or  the  trunk  of  the  pneumogastric  be  cut  above  their 
^in  from  it,  there  is  no  constriction  of  the  glottis,  but  a  pai'alysed  state 
its  muscles.    After  the  first  paroxysm  occasioned  by  the  operation,  a 
iod  of  quiescence  and  fi-eedom  from  dyspnoea  often  supervenes,  the 
pirations  being  performed  with  ease  so  long  as  the  animal  remains  at 
t ;  but  an  unusual  respiratory  movement,  such  as  takes  place  at  the 
xnmencement  of  a  struggle,  induces  immediate  symptoms  of  suffocation, 
-the  cmTent  of  an-  carrying  inwards  the  arytenoid  cartilages,  which  are 
;ndered  passive  by  the  paralysed  state  of  their  muscles ;  and  these,  fall- 
ag  upon  the  opening  of  the  glottis,  like  valves,  obstruct  the  entrance  of 
into  the  lungs.    The  more  effort  is  made,  the  greater  will  be  the 
bstiiiction :  and  accordingly,  it  is  generally  necessary  to  counteract  the 
idency  to  suffocation,  when  it  is  desired  to  prolong  the  life  of  the  animal 
lt  this  operation,  by  making  an  opening  into  the  trachea.    Dr.  Reid 
iither  ascertained,  that  the  application  of  a  stimulus  to  the  inferior 
i  ryngeal  nerves,  when  separated  from  the  trunk,  would  occasion  distinct 
luscular  contractions  in  the  larynx;  whilst  a  corresponding  stimulus 
pplied  to  the  superior  laryngeal  occasioned  no  muscular  movement, 
■ept  in  the  crico-thyroid  muscle.    But  when  the  superior  laryngeals 
i-e  entire,  mitation  of  the  mucous  surface  'of-  the  larynx,  or  of  the 
unks  themselves,  produced  contraction  of  the  glottis  and  efforts  to 
uigh;  effects  which  were  at  once  prevented  by  dividing  those  nerves, 
•111  thereby  cutting  off  their  communication  with  the  Medulla  Oblongata, 
liere  can  be  no  doubt,  then,  that  the  superior  and  inferior  laryngeal 
ranches  constitute  the  circle  of  incident  and  motor  nerves,  by  which  the 
perture  of  the  glottis  is  governed,  and  by  which  any  irritation  of  the 
Liynx  is  made  to  close  the  passage,  so  as  to  prevent  the  entrance  of 
nproper  substances;  whilst  the  superior  laryngeal  nerve  also  excites  the 
luscles  of  expiration,  so  as  to  cause  the  violent  ejection  of  a  blast  of  air, 
y  which  the  offending  gas,  fluid,  or  solid,  may  be  carried  off.    The  effect 
f  carbonic  acid  in  causing  spasmodic  closure  of  the  glottis  is  well  known ; 
nd  affords  a  beautiful  example  of  the  protective  oflGice  of  this  system 
f  nerves.    The  mucous  surface  of  the  trachea  and  bronchi  appears  fi'om 
le  experiments  of  Valentin,  to  be  endowed  with  excitability,  so  that 
imuli  applied  to  it  produce  expiratory  movements ;  and  this  evidently 
perates  through  the  branches  of  the  pneumogastric  distributed  upon  the 
lembrane.    Here,  as  elsewhere,  we  find  that  a  stimulus  applied  to  the 
irface  has  a  much  more  decided  influence,  than  irritation  of  the  trunk  of 
18  nerve  supplying  it. 
554.  The  actions  of  sighing,  yaivning,  sobbing,  laughing,  coughing,  and 
leezing,  are  notluug  else  than  simple  modifications  of  the  ordinary  move- 
lents  of  respiration,  excited  cither  by  mental  emotions,  or  by  some 
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stimulus  originating  in  the  respiratory  organs  themselves. — Sighing  is 
nothing  more  than  a  very  long-drawn  inspiration,  in  which  a  larger 
quantity  of  air  than  usual  is  made  to  enter  the  lungs.  This  is  continually 
taking  place  to  a  moderate  degree ;  and  we  notice  it  particularly  when 
the  attention  is  released,  after  having  been  fixed  upon  an  object  which 
has  excited  it  strongly,  and  which  has  prevented  om-  feehng  the  insuffi- 
ciency of  the  ordinary  movements  of  respiration.  Hence  this  action  is 
only  occasionally  connected  with  mental  emotion. —  Yawning  is  a  still 
deeper  inspirtition,  which  is  accompanied  by  a  kind  of  spasmodic  contrac- 
tion of  the  muscles  of  the  jaw,  and  also  by  a  very  great  elevation,  of  the 
ribs,  in  which  the  scapulae  partake.  The  purely  involuntary  character  of 
this  movement  is  sometimes  seen,  in  a  remarkable  manner,  in  cases  of 
palsy ;  in  which  the  patient  cannot  raise  his  shoulder  by  an  effort  of  the 
will,  but  does  so  in  the  act  of  yawning.  Nevertheless  this  act  may  he 
performed  by  the  will,  though  not  completely ;  and  it  is  one  that  is  par- 
ticidarly  excited  by  an  involuutai'y  tendency  to  imitation,  as  every  one 
must  have  experienced  who  has  ever  been  in  company  with  a  set  of 
yawners. — Sobbing  is  the  consequence  of  a  series  of  short  convulsive  con- 
tractions of  the  diaphragm ;  and  it  is  usually  accompanied  by  a  closure  of 
the  glottis,  so  that  no  air  really  enters. — In  Hiccup,  the  same  convulsive 
respiratory  movement  occurs,  and  the  glottis  closes  suddenly  in  the 
midst  of  it ;  the  soinid  is  occasioned  by  the  impiilse  of  the  column  of  ak 
in  motion  against  the  glottis. — In  LaugJiing,  a  precisely  reverse  action 
takes  place ;  the  muscles  of  exi^iration  are  in  convulsive  movement,  more 
or  less  violent,  and  send  out  the  breath  in  a  series  of  jerks,  the  glottis 
being  open.  This  sometimes  goes  on,  until  the  diaphi'agm  is  more  ai'ched, 
and  the  chest  is  more  completely  emptied  of  air,  than  it  could  be  by  an 
ordinary  movement  of  expiration. — The  act  of  Crying,  though  occasioned 
by  a  contrary  emotion,  is,  so  far  as  the  respiration  is  concerned,  very 
nearly  the  same  as  the  last.  Every  one  knows  the  effect  of  mixed  emo- 
tions, in  producing  an  expression  of  them  which  is  "between  a  laugh  and 
a  cry." — The  greater  part  of  the  preceding  movements  seem  to  belong  as 
much  to  the  consensual  or  to  the  emotional,  as  to  the  purely  reflex  gi'oup 
of  actions ;  for  whilst  they  are  sometimes  the  resixlt  of  peculiar  states  of  the 
respiratory  organs,  or  of  the  bodily  system  in  general,  they  may  also  he 
called  forth  by  influences,  which  operate  dkectly  thi'Oiigh  the  senses,  or 
which  excite  the  emotions.  Thus,  whilst  Sighing  and  Yawning  often 
occur  as  simple  results  of  deficient  aeration,  they  may  be  brought  on, 
the  former  by  a  depressed  state  of  the  feeUngs,  —  the  latter  by  the  mere 
sight  of  the  act  in  another  person.  The  actions  of  Laughter  and  Ciymg 
seem  never  to  originate  in  the  respiratory  system ;  but  to  be  always  either 
expressions  of  the  emotions,  or  simple  results  of  sensations, — as  when 
crying  arises  from  the  sense  of  pain, — and  laughter  from  that  of  tickhi^- 
The  origin  of  the  act  of  Hiccup  does  not  seem  very  cleai';  but  the 
movement  is  probably  of  a  purely  reflex  nature.  . 

555.  The  purposes  of  the  acts  of  Coughing  and  Sneezing  are,  in  hotn 
instances,  to  expel  substances  from  the  ak-passages,  which  are  sources  o 
in-itation  there ;  and  this  is  accomplished  in  both,  by  a  violent  expu-atory 
cttbrt,  which  sends  forth  a  blast  of  air  from  the  hxu^Q.— Coughing  occiu«, 
when  the  source  of  irritation  is  situated  at  the  back  of  the  mouth,  m  tn 
trachea,  or  bronchial  tubes.    The  in-itation  may  be  produced  by  acn 
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fcpoui's,  or  by  liquids  or  solids,  that  have  found  their  way  into  these 
:tssages ;  or  by  secretions  which  have  been  poiired  into  them  in  uimsual 
lantity,  as  the  result  of  disease  ;  or  by  the  simple  entrance  of  air 
specially  if  cold),  when  the  membrane  is  in  a  peculiarly  irritable  state, 
ay  of  these  causes  may  produce  an  impression  upon  the  exoitor  fibres  of 
Pneumogastrics,  which,  being  conveyed  to  the  Medulla  Oblongata, 
ves  rise  to  the  transmission  of  motor  impulses  to  the  several  muscles, 
,.at  combines  them  in  the  act  of  coughing.    This  act  consists, — 1st, 
■  a  long  inspiration,  which  fills  the  lungs;  2nd,  in  the  closure  of 
.e  glottis  at  the  moment  when  expiration  commences ;  and  3rd,  in  the 
irsting  open  (as  it  were)  of  the  glottis,  by  the  violence  of  the  expu-atory 
ovement ;  so  that  a  sudden  blast  of  air  is  forced  up  the  air-passages, 
rrying  before  it  anything  that  may  offer  an  obstruction. — The  difference 
itween  Coughing  and  Sneezing  consists  in  this, — that  in  the  latter,  the 
.  mmunication  between  the  larynx  and  the  month  is  partly  or  entirely 
osed  by  the  drawing-together  of  the  sides  of  the  velum  palati  over  the 
.ck  of  the  tongue ;  so  that  the  blast  of  air  is  directed,  more  or  less  com- 
etely,  tlu-ough  the  nose,  in  such  a  way  as  to  carry  off  any  som'ce  of 
•itation  that  may  be  present  there. — It  is  difl&cult  to  say  how  far  these 
tions  ai'e  simply  reflex;  or  how  far  they  may  require  the  stimulus  of 
>Qsation  for  their  performance. 
556.  Various  alterations  are  produced  in  the  Lungs,  by  section  of  the 
leumogastric  nerves;  and  it  has  been  supposed  that  these  exert  some 
'  ^re  immediate  and  direct  influence  over  the  condition  of  those  organs, 
;lu  then-  connection  with  the  respiratory  movements  will  serve  to 
1  :ount  for.    The  inquiry  into  the  natm^e  and  succession  of  these  changes 
been  most  carefully  prosecuted  by  Dr.  J.  Reid  (Op.  cit.) ;  and  as  his 
ilts  have  a  very  important  bearing  on  several  physiological  and  patho- 
.ical  questions  of  great  interest,  a  summary  of  tliem  will  be  here  given. 
In  the  fii'st  place,  it  has  been  fully  established  by  Dr.  Reid,  that  section 
the  Vagus  on  one  side  only  does  not  necessarily,  or  even  generally, 
luce  disease  of  that  lung;  and  hence  the  important  inference  may  be 
■n\Ti,  that  the  nerve  does  not  exercise  any  immediate  influence  on  its 
c  tions.    When  both  Vagi  are  divided,  however,  the  animal  rarely  sur- 
es  long;  but  its  death  frequently  results  from  the  disorder  of  the 
■stive  functions.    Nevertheless,  the  power  of  digestion  is  sometimes 
;  ored  sufficiently  to  re-invigorate  the  animals ;  and  their  lives  may  then 
[irolonged  for  a  considerable  time  (§  446).    In  fifteen  out  of  seventeen 
iraals  experimented-on  by  Dr.  Reid,  the  lungs  were  found  more  or  less 
lit  for  the  healthy  performance  of  their  functions.    The  most  common 
irbid  changes  were  a  congested  state  of  the  blood-vessels,  and  an  effusion 
frothy  serum  into  the  air-cells  and  bronchial  tubes.    In  eight  out  of 
fifteen,  these  changes  were  strongly  marked.    In  some  portions  of  the 
:^s,  the  quantity  of  blood  was  so  great  as  to  render  them  dense.  The 
l  ee  of  congestion  varied  in  different  parts  of  the  same  lung ;  but  it  was 
1  (J rally  greatest  at  the  most  depending  portions.    The  condensation  was 
I  orally  gi'cater  than  could  be  accounted-for  by  the  mere  congestion  of  ' 
)d  in  the  vessels,  and  probably  arose  from  the  escape  of  the  solid 
t  s  of  the  blood  into  the  tissue  of  the  lung.    In  some  instances  the 
idcnsation  was  so  great,  that  considerable  portions  of  the  lung  sank  in 
or,  and  did  not  crepitate ;  but  tliey  did  not  present  the  granulated 
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appeaVance  of  the  second  stage  of  ordinary  pneumonia.  In  five  cases  in 
which  the  animals  had  survived  a  considerable  time,  portions  of  the  hni<'s 
exhibited  the  second,  and  even  the  third  stages  of  pneumonia,  with  iniri- 
form  effusion  into  the  small  bronchial  tubes ;  and  in  two,  gangi-eue  liad 
supervened. — One  of  the  most  important  points  to  ascertain  in  an  inves- 
tigation of  this  kind,  is  the  first  departure  from  a  healthy  state ;  to  decide 
whether  the  efiiision  of  frothy  reddish  serum,  by  interfering  with  the  usual 
change  in  the  lungs,  causes  the  congested  state  of  the  pulmonaiy  vessels 
and  the  laboured  respiration ;  or  whether  the  effrision  is  the  efect  of  a 
previously-congested  state  of  the  blood-vessels.  The  former  is  the  opinion 
of  many  physiologists,  who  have  represented  the  effusion  of  serum  as  a 
process  of  morbid  secretion,  directly  resulting  from  the  disorder  of  that 
fimction  produced  by  the  section  of  the  nerve ;  the  latter  appears  the 
unavoidable  inference  from  the  carefully-noted  results  of  Dr.  Reid's  experi- 
ments. In  several  of  these,  only  a  very  small  quantity  of  frothy  serum 
was  found  in  the  air-tubes,  even  when  the  lungs  were  foimd  loaded  with 
blood,  and  when  the  respiration  before  death  was  very  laboured.  Tliis 
naturally  leads  us  to  doubt,  whether  the  frothy  serum  is  the  cause  of  the 
laboured  respiration,  and  of  the  congested  state  of  the  pulmonary  vessels, 
in  those  cases  where  it  is  present ;  though  there  can  be  no  doubt  that, 
when  once  it  is  effused,  it  must  powerfidly  tend  to  increase  the  difficidty 
of  respiration,  and  still  further  to  impede  the  circulation  through  the 
lungs.  Dr.  R.  has  satisfied  himself  of  an  important  point  which  has  been 
overlooked  by  others,  namely,  that  this  frothy  fluid  is  not  mucus,  though 
occasionally  mixed  with  it,  but  that  it  is  the  frothy  serum  so  frequently 
found  in  cases  where  the  circulation  through  the  lungs  has  been  impeded 
before  death.  From  this  and  other  facts,  Dr.  R.  concludes  "  that  the 
congestion  of  the  blood-vessels  is  the  first  departure  from  the  healthy 
state  of  the  lung,  and  that  the  effusion  of  frothy  serum  is  a  subsequent 
effect." — The  next  point,  therefore,  to  be  inquired  into,  is  the  cause  of 
this  congestion ;  and  this  is  most  satisfactorily  explained,  in  accordance 
with  the  general  laws  of  the  Circidation  (§  527),  by  remembering  tliat 
section  of  the  Pneumogastrics  greatly  chminishes  the  frequency  of  the  res- 
piratory movements,  and  that  the  quantity  of  air  introduced  into  the  lungs 
is,  therefore,  very  insufficient  for  the  due  aeration  of  the  blood.  There  is 
now  abundant  evidence,  in  regard  to  the  Pulmonary  circulation  in  paiiicu- 
lar,  that,  to  prevent  the  admission  of  oxygen  in  the  lungs,  either  by  causing 
the  animal  to  breathe  piu-e  nitrogen  or  hycfrogen,  or  by  occlusion  of  the 
air-passages,  is  to  bring  the  circulation  through  then-  capillaries  to  a 
speedy  check  (§  575).  Hence  we  should  at  once  be  led  to  infer,  tliat 
diminution  in  the  number  of  Respiratory  movements  would  produce  the 
same  effect;  and  as  little  or  no  difference  in  their  frequency  is  produced 
by  section  of  one  Yagais  only,  the  usual  absence  of  morbid  changes  in  the 
lung  supplied  by  it  is  fully  accounted-for.  The  congestion  of  the  vessels 
induced  by  insufi&cient  aeration,  satisfactorily  accounts  not  only  for  tlie 
effusion  of  serum,  but  also  for  the  tendency  to  pass  into  the  inflam- 
matory condition,  sometimes  presented  by  the  lungs,  as  by  other  organs 
similarly  affected.  Dr.  Reid  confirms  this  view,  by  the  j)articulai"s  of 
cases  of  disease  in  the  human  subject,  in  which  the  lungs  presented  after 
death  a  condition  similar  to  that  obsei-ved  in  the  lower  animals  after 
section  of  the  Vagi;  and  in  these  individuals,  the  respiratory  movements 
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id  been  much  less  fi-equeut  than  natural  diu-ing  the  latter  part  of  life, 
.ving  to  a  torpid  condition  of  the  nervous  centres.    The  opinion  (held 
;pecially  by  Dr.  Wilson  Philip)  that  section  of  the  Par  Vagum  produces 
.  16  serous  effusion,  by  its  direct  influence  on  the  function  of  Secretion,  is 
:  irther  invalidated  by  the  fact  stated  by  Dr.  Reid,  that  he  always  found 
.  le  bronchial  membrane  covered  with  its  true  mucus,  except  when  in- 
lammation  was  present. — "  The  experimental  history ,of  the  Par  Vagum," 
is  justly  remarked  by  Dr.  Reid,  "fmiiishes  an  excellent  illustration  of 
^  numerous  difficulties  with  which  the  physiologist  has  to  contend, 
m  the  impossibility  of  insulating  any  individual  organ  from  its  mutual 
•tious  and  reactions,  when  he  wishes  to  examine  the  order  and  depen- 
-ice  of  its  phenomena."    In  such  investigations,  no  useful  inference  can 
ch-awn  from  one  or  two  experiments  only ;  in  order  to  avoid  all  sources 
lallacy,  a  large  number  must  be  made;  tlie  points  in  which  all  agree 
Lst  be  separated  from  others  in  which  there  is  a  variation  of  results; 
:  id  it  must  be  then  inquired,  to  what  the  latter  is  due.* 

2.  affects  of  Respiration  on  the  Air. 

557.  The  total  amount  of  air  which  can  be  drawn  into  the  Lungs  by 
e  deepest  j)ossible  inspiratory  movement,  by  no  means  affords  a  measure 
'  the  quantity  which  they  ordinarily  contain.  It  is  in  fact  composed,  as 
as  fii'st  pointed  out  by  Mr.  Julius  Jeffreys,t  of  several  different  quanti- 
33,  which  may  be  distinguished  as  follows : — 

1.  Residual  A  ir ;  that  which  cannot  be  displaced  by  the  most  powerful 
:piration,  which  always  remains  in  the  thorax  so  long  as  the  lungs  retain 
leir  natural  structure,  and  over  which,  therefore,  we  have  no  control. 

2.  Biqyplemental  Air ;  that  portion  which  remains  in  the  chest  after 
.6  ordinary  gentle  expiration,  but  which  may  bp  displaced  at  will. 

3.  Breathing  or  Tidal  Air  ;  that  volume  which  is  displaced  by  the 
instant  gentle  inspiration  and  expiration. 

4.  Gomplemental  Air;  the  quantity  which  can  be  inhaled  by  the 
!epest  possible  inspiration,  over  and  above  that  which  is  introduced  in 
dinary  breathing. 

he  amount  which  can  be  expeUed  by  the  most  forcible  expiration  after 
le  fullest  inspu-ation,  and  which  is  consequently  the  sum  of  the  2nd,  3rd, 
id  4th  of  these  quantities,  is  designated  by  Dr.  Hutchinson  :j:  as  the 
ital  Capacity,  being  that  volume  of  air  which  can  be  displaced  by  living 
ovements.  This  'vital  capacity'  is  less  dependent  than  might  have  been 
ipposed,  upon  the  absolute  dimensions  of  the  thoracic  cavity,  being  yet 
ore  influenced  by  its  mobility.  Thus  of  two  sets  of  men  of  the  same 
jight,  one  measuring  35  inches  around  the  chest,  and  the  other  38 

*  On  the  important  subject  of  the  Mechanism  of  Respiration,  the  following  Memoirs  may 
consulted  in  addition  to  those  already  referred  to  : — Dr.  J.  Reid's  Art.  'Respiration'  in 
Oyclop.  of  Anat.  and  Physiol.      Dr.  Ilutchinson  in  "  Med.-Chir.  Trans.,"  vol,  xxix  •  Dr 
■bson  in  "Phil.  Trans.,"  1846,  "Med.  Gaz.."  vol.  xli.,  "  Med.-Chir.  Trans,,"  vol,  xxxi.^ 
d  "  Trans,  of  Prov.  Med.  Assoc.,"  1850;  Beau  and  Maissiat  in  "Archiv.  Gen.,"  1842"' 
endelssohn  "  Dcr  Mechanismus  der  Respiration  nnd  Circulation,"  Berlin,  1845-  and' 

fnon  "  Ueber  die  mengc  der  ausgeathmotcn  Luft  bey  verscheidencn  Menschen,"  Giessen 
48.  ' 

f  "  Statics  of  the  Human  Chest,"  1 843. 

t  "  Cyclop,  of  Anat.  and  Physiol.,"  Art.  '  Thorax,' 
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inches,  the  average  vital  capacity  of  the  first  was  found  to  be  235  iuclies, 
and  that  of  the  second  only  226  inches;  for  notwithstanding  the  greater 
absolute  capacity  indicated  by  the  larger  circumference  of  the  latter,  the 
inferior  mobiUty  of  their  chests  caused  more  'residual  air'  to  remain 
beliind  after  the  deepest  expiration.  By  taking  the  average  of  nearly 
5000  observations,  Dr.  Hutchinson  has  arrived  at  the  very  remarkable 
conclusion  (Op.  cit.,p.  1072),  that  of  all  the  elements  whose  variation  might 
be  supposed  to  affect  the  '  vital  capacity,'  Height  alone  seems  to  have  any 
constant  relation  to  it;  and  that  this  relation  is  capable  of  being  expressed 
in  a  simple  numerical  form.  The  following  table  represents  the  '  vital 
capacity'  regarded  by  Dr.  H.  as  necessary  to  health  at  the  middle  period  of 
life,  in  the  Male  sex,  for  each  inch  of  height  between  five  and  six  feet :— 


Height. 

Vital  Capacity. 

5  ft. 

0 

in. 

to  5  ft. 

1 

in. 

174  cubic  in. 

5  » 

1 

5  55 

2 

55 

.      182  „ 

2 

»» 

5  „ 

3 

55  . 

190  „ 

5  „ 

3 

5  ,5 

4 

55 

.      198  „ 

4 

»i 

5  55 

5 

55  • 

206  „ 

5  „ 

5 

51 

5  ,5 

6 

55 

.     214  „ 

6 

55 

5  „ 

7 

5»    •  . 

222  „ 

^  „ 

7 

55 

^  „ 

8 

55 

.      230  „ 

s  „ 

8 

55 

5  55 

9 

55    •  • 

238  „ 

5  « 

9 

55 

5  55 

10 

55  • 

•     246  „ 

5  „ 

10 

55 

5  „ 

11 

55    •  • 

254  „ 

5  „ 

11 

55 

6  55 

0 

55 

.     262  „ 

This  relation  may  be  briefly  expressed  by  tlie  rule,  that  for  every  inch 
of  stature,  from  Jive  to  six  feet,  eight  additional  cubic  inches  of  air  (at  60° 
Fahr.)  are  given  out  hy  a  forced  expiration  after  a  fidl  inspiration. — There 
is  also  a  relation  between  '  vital  capacity'  and  Weight ;  but  of  a  different 
kind  from  that  which  might  have  been  anticipated.  So  fai-  as  the  increase 
in  weight  is  simply  proportional  to  the  increase  in  height,  the  relation  is 
of  course  the  same  for  the  one  as  for  the  other.  But  if  the  excess  of  weight 
should  depend  upon  corpulence,  the  vital  capacity  decreases  in  a  very 
marked  mannei',  being  always  very  low  in  corpulent  men.  The  general 
result  of  Dr.  Hutchinson's  observations  on  this  point  is  expressed  by  him 
as  follows  :  When  the  man  exceeds  the  average  weight  (at  each  height) 
by  7  per  cent,  the  vital  capacity  decreases  1  cub.  in.  per  lb.  for  the  next 
35  lbs.  above  this  weight. — The  influence  of  ^^re upon  the  'vital capacity' is 
less  marked  than  might  have  been  anticipated.  The  general  fiict  seems 
to  be,  that  the  '  vital  caj)acity'  undei-goes  a  slight  increase  between  15  to' 
35  years,  and  then  gradually  decreases,  the  decline  being  more  rapid  than 
the  augmentation,  so  that  by  the  age  of  66  it  has  diminished  to  about 
4-5ths  of  the  maximum. — There  does  not  seem  to  be  as  close  a  relation 
between  the  'vital  capacity'  and  Muscular  Vigour,  as  might  ap>riori  have 
been  expected,  and  as  an  attempt  has  been  made  to  establish.*  Cases  ai'e 
not  imfrequent  in  which  men  of  athletic  constitution  have  an  absolute 
deficiency,  whilst  others  by  no  means  remarkable  for  physical  power  pre- 
sent a  lai-ge  excess. t  In  fact,  as  Dr.  R.  Hall  has  justly  remarked,  this 
measm-e  indicates,  not  what  a  person  does  breathe,  but  what  he  can 

*  See  Dr.  Jackson  in  "Amoricaii  Medical  Examiner,"  1851,  p.  51  ■ 

t  See  Dr.  Radclyffe  Mall  in  "Trans,  of  Prov.  Med.  and  Surg.  Assoc.,"  1851. 
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breathe. — The  maximum  'vital  capacity'  met  with  by  Dr.  Hutchinson  in 
his  entire  series  of  observations,  was  464  cub.  in. ;  this  was  in  a  man  7 
feet  hig-li,  whose  weight  was  308  lbs.  The  minhmim  was  only  46  cub.  in. ; 
this  was  in  a  dwarf  (Don  Francisco)  whose  height  was  only  29  inches, 
and  weight  40  lbs. 

558.  But  however  constant  the  above  averages  may  prove  to  be,  when 
tested  by  a  still  larger  number  of  observations,  it  yet  remains  to  be  deter- 
mined within  what  limits  individual  variation  may  range,  without  dejDar- 
turo  from  the  standard  of  health.  It  is  considered  by  Dr.  Hutchiiison 
{0\i.  cit.  p.  1079)  that  a  deficiency  of  16  per  cent  (unless  the  individual 
should  be  very  corpulent)  should  excite  suspicion  of  disease;  but  the 

i  observations  of  Dr.  C.  R.  Hall  (loc.  cit.)  seem  to  show  that  the  range  is 
considerably  wider,  especially  in  females.    They  also  indicate  that  even  a 

i  marked  deiiciency  in  vital  capacity  must  not  be  regaixled  as  indicative  of 
pulmonary  disease ;  for  it  may  be  dependent  upon  disorder  of  the  abdo- 

I  minal  viscera,  especially  upon  congested  liver. 

559.  In  estimating,  however,  the  effects  of  the  Respiratory  function 
i|Upon  the  air  which  jDasses  through  the  lungs,  we  are  not  so  much  con- 
dcerned  with  the  quantity  which  may  be  drawn-in  and  forced-out,  as  with 
tthat  actually  exchanged  at  each  movement.  There  are  many  difficulties 
iin  arriving  at  any  exact  conclusion  upon  this  point ;  and  hence  it  happens 
tthat  the  estimates  of  those  who  have  inquired  into  it  are  singularly  dis- 
crepant. The  following  are  the  amounts  assigned  by  some  of  the  most 
recent  experimentei's. 

Herbst  *  ...  20 — 30  cubic  inches. 

Valentin  +  ....  14 — 92  „ 
VierordtJ  .  .  .  10—42  „ 

Coathupe  §   .  .  .  .16  „ 

S  average  .  16 — 20  „ 

\  extremes    .  .  7« — 77  „ 


Hutchinson  || 


If  we  take  20  cubic  inches  as  the  average  quantity  exchanged  at  each 
respiration,  we  cannot  but  observe  how  small  a  proportion  it  bears  to  the 
entire  amount  which  the  lungs  usually  contain;  for  the  'residual  volume,' 
which  cannot  be  expelled,  is  estimated  by  Dr.  Hutchinson  at  from  75  to 
100  cubic  inches,  and  the  'reserve  volume,'  which  can  only  be  expelled  by 
■X  forced  expiration,  is  about  as  much  more;  the  sum  of  the  two  being 
from  150  to  200  cub.  in.,  or  fi'om  7g  to  10  times  the  'breathing  volume.' 
N'ow  it  is  obvious  that  if  no  provision  existed  for  mingling  the  air  in- 
pired  with  the  air  already  occupying  the  lungs,  the  former  would  jDene- 
I  rate  no  fm-ther  than  the  larger  au'-passages ;  and  as  this  would  be  again 
lirown  out  at  the  next  expiration,  the  bulk  of  the  air  contained  in  the 
ungs  would  remain  altogether  without  renewal,  and  the  expired  air  would 
not  be  found  to  have  undergone  any  change. IT  That  a  change  is  effected, 
lowevcr,  in  the  whole  volume  of  the  air  contained  in  the  lungs,  with 
•very  inspiration,  is  indicated  by  the  difference  between  the  inspired  and 

*  "Meckel's  Archiv.,"  1828. 
t  "  Lehrbuch  dor  Physiologic,"  band  i.  p.  538. 
+  "  Wagner's  liandworterbuch,"  band  ii,  p.  835. 
§  "Philosophical  Magjizine,"  lH3t),  vol.  xiv.  p.  401. 
II  "  Cyclop,  of  Anat.  and  Phys.,"  vol.  iv.  p.  1067. 

1I_  See  Mr.  Jcffreys's  "  Statics  of  the  Human  Chest,"  in  which  this  important  point  first 
•ccived  due  consideration. 
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expired  air;  and  this  change  must  be  attributed  to  the  'mutual  diffusion' 
of  gases,  these  (as  discovered  by  Prof.  Graham)  tending  to  interpenetrate 
one  another,  when  of  different  densities  or  of  different  temperatm-es. 

560.  The  total  amount  of  air  which  passes  through  the  Lungs  in 
twenty-four  hom-s,  wiU  of  course  vary  with  the  extent  and  frequency  of 
the  resjjiratory  movements;  and  these  are  liable  to  be  affected  by  many 
circumstances,  but  particularly  by  the  relative  degrees  of  repose  and  of 
exertion.  Moreover,  as  any  such  computation  must  be  based  upon  the 
datum  of  the  ordinary  volume  of  breathing  or  'tidal'  air,  it  is  obvious  that 
the  estimates  of  different  observers  must  vary  with  the  amount  they 
adopt.  Thus  Mr.  Coathupe's  estimate  of  the  diurnal  total  is  460,800  cub. 
in.,  or  366^  cubic  feet;  that  of  Vierordt,  from  his  observations  on  his  own 
person  in  a  state  of  rest,  is  530,026  cub.  in.,  or  306|  cub.  feet,  but  this, 
when  corrected  (by  Scharling's  experiments)  for  a  moderate  amount  of 
exertion,  would  be  raised  to  624,087  cub.  in.,  or  361  cub.  feet;  and  that 
of  Valentin  is  as  high  as  688,348  cub.  in.,  or  398^  cub.  feet. — It  is  of 
great  practical  importance  to  determine  the  quantity  of  air  which  ought 
to  be  allowed  for  consumption  by  individuals  confined  in  prisons,  work- 
houses, schools,  &c. ;  and  for  this,  experience  seems  to  have  fixed  800  cubic 
feet  as  the  minimuvi  that  can  be  safely  assigned,  except  where  extraor- 
dinary provisions  are  in  operation  for  its  constant  renewal  by  ventilation. 
The  evil  consequences  of  an  insufficient  supply  of  air  will  be  noticed 
hereafter  (Sect.  3). 

561.  The  alterations  in  this  air  which  are  effected  by  ResjDiration, 
mainly  consist  in  the  removal  of  a  jjortion  of  its  Oxygen,  and  the  substi- 
tution of  a  quantity  of  Carbonic  acid,  usually  rather  less  in  bulk  than  the 
oxygen  which  has  disappeared.  The  joroportion  of  the  air  thus  changed 
appeal's  to  vary  according  to  the  frequency  of  the  respirations.  Thus 
Vierordt*  found  that,  if  he  only  respired  six  times  in  a  minute^  the 
quantity  of  Carbonic  acid  was  5-5  per  cent  of  the  whole  air  exhaled;  with 
twelve  respirations,  it  was  4-2;  with  twenty-four,  it  was  3-3;  y^\\h  forty- 
eight,  it  was  3*0;  and  with  ninety-six  it  was  2-6  per  cent.  In  some  of  the 
experiments  of  Messrs.  Allen  and  Pepys,  it  was  as  much  as  8  per  cent. 
Probably  about  4-35  per  cent  may  be  taken  as  the  average,  at  the  ordi- 
nary rate  of  respiration. — It  appears,  however,  from  the  researches  of  tlie 
last-named  experimenters,  that,  if  the  air  be  already  charged  in  some 
degree  with  Cai'bonic  acid,  the  quantity  exhaled  is  much  less;  for,  when 
300  ciibic  inches  of  air  were  respired  for  three  oninutes,  only  28|  ciihic 
inches  (9i  per  cent)  of  carbonic  acid  were  found  in  it;  although  the  pre- 
vious rate  of  its  production,  when  fresh  air  was  taken-in  at  every  respira- 
tion, was  32  cubic  inches  in  a  minute.  Knowing,  then,  the  necessity  of 
a  fi-ee  excretion  of  carbonic  acid,  we  are  led  by  this  fact  to  perceive  the 
higli  importance  of  ventilation ;  for  it  is  not  sufficient  for  health,  that  a 
room  should  contain  the  quantity  of  air  requisite  for  the  support  of  its 
inhabitants  during  a  given  time;  since  after  they  have  remained  in  it  but 
a  pai-t  of  that  time,  the  quantity  of  carbonic  acid  which  its  atmosphere 
will  contain,  will  be  large  enough  to  interfere  greatly  with  the  due  aera- 
tion of  their  blood,  and  will  thus  cause  oppression  of  the  brain,  and  the 
other  morbid  affections  that  result  from  the  accumulation  of  carbonic 


*  "Physiologic  des  Athmens,"  pp.  102-149. 


EFFECTS  OF  RESPIRATION  ON  THE  AIR. 


531 


acid  in  the  circulating  fluid. — It  aj)pears  from  the  experiments  of  Dr. 
Snow,  that  the  j)resence  of  Carbonic  acid  in  the  atmosphei-e  acts  more 
deleteriously  upon  the  system,  in  proportion  as  the  normal  quantity  of 
Oxygen  has  been  reduced.    He  found  that  birds  and  mammalia,  intro- 
duced into  an  atmosphere  containing  only  from  1 0 1  to  16  per  cent  of 
oxygen,  soon  died,  although  means  were  taken  to  remove  the  carbonic 
acid  set  fi*ee  by  their  respii'ation,  as  fast  as  it  was  formed;  whilst,  on  the 
other  hand,  an  increase  in  the  proportion  of  carbonic  acid  to  12  or  even 
;  20  per  cent — the  per-centage  of  oxygen  being  kept  to  its  regular  standard 
I  of  2 1  per  cent — did  not  appear  to  enfeeble  the  vital  actions  more  rapidly 
1  than  did  the  reduction  of  the  oxygen  in  the  experiments  just  referred  to. 
.  Dr.  Snow  concludes,  from  his  experiments  on  the  lower  animals,  that  5 
.  or  6  per  cent  of  cai'bonic  acid  cannot  exist  in  an  atmosphere  respired  by 
Man,  without  danger  to  life ;  and  that  less  than  half  this  amount  will  soon 
\  be  fatal,  w^hen  it  is  formed  at  the  expense  of  the  oxygen  of  the  air."^' 

562.  The  reaction  which  thus  takes  place  between  the  Air  and  the 
I  Blood,  is  partly  explicable  upon  physical  principles.   If  the  Blood  come  to 
:  the  lungs  charged  with  Carbonic  acid,  and  be  exposed  in  their  cells  to  the 
i  influence  of  atmospheric  air,  which  is  a  mixture  of  Oxygen  and  Nitrogen, 
aan  endosmose  and  exosmose  of  gases  wiU  take  placet    The  carbonic  acid 
oof  the  blood  will  pass  out,  to  be  replaced  by  oxygen  and  nitrogen ;  and 
the  quantity  of  the  former  which  enters  will  be  much  greater  than  that 
of  the  latter,  on  account  of  the  superior  facility  with  which  oxygen  passes 
'through  porous  membranes.    If  the  venous  blood  also  contain  nitrogen 
as  well  as  cai'bonic  acid,  this  also  will  pass  out,  to  be  replaced  by  the 
oxygen  of  the  air.    Thus,  there  will  be  a  continual  exosmose  of  carbonic 
cid  and  nitrogen,  and  a  continual  endosmose  of  oxygen  and  nitrogen. — 
he  exhalation  and  absorption  of  Nitrogen  appear  usually  to  balance  each 
other,  so  that  the  amount  of  this  gas  in  the  respired  air  undergoes  little 
bhange;  a  slight  increase  in  the  Nitrogen  of  the  expired  air  being  the 
Iteration  most  constantly  noticed.    But  the  case  is  cUfferent  in  regard  to 
the  exchange  of  Carbonic  acid  and  Oxygen.    According  to  the  law  of 
r  mutual  difiiision'  of  gases,  the  volume  of  Oxygen  that  is  taken  in,  should 
>xceed  that  of  the  Carbonic  acid  which  passes  out,  in  the  proportion  of 
:1174  to  1000;  and  it  has  been  attempted  by  Valentin  and  Brunner;}:  to 
ow,  that,  if  a  reasonable  allowance  be  made  for  accidental  causes  of  dis- 
'bance,  this  is  the  actual  proportion  between  the  Oxygen  absorbed  and 
■he  Carbonic  acid  given  out,  as  indicated  by  experiment.    Such,  however, 
annot  be  the  case,  since  the  departiu-es  are  too  wide  to  be  accounted  for 
n  this  hypothesis.   Still  there  appears  to  the  Author  no  adequate  reason 
r  doubting  that  the  process  of  exchange  is  mainly  effected  by  the  force 
f 'mutual  diffusion;'  the  result  of  its  action,  however,  being  determined 
y  a  great  number  of  modifying  conditions ;  so  that  the  formula  which 

'  "  "Edinb.  Med.  and  Surg.  Journal,"  1846. 
t  See  "Princ.  of  Phys.,  Gen.  and  Comp.,"  §  495. — Tt  has  been  recently  affirmed  by  Dr. 
nee  Jones  ("  Medical  Times,"  1851,  p.  169),  that  the  law  of  the  'diffusion  of  gases'  does 
ot  apply  to  the  respiration  of  air-breathing  animals  ;  since  a  gas  is  on  one  side  of  the  septum 
d  a  liquid  on  the  other.  But  it  was  long  since  shown  by  Dr.  Mitchell  of  Philadelphia, 
at  the  tendency  to  mutual  diffusion  and  replacement  exists  between  atmospheric  air  and 
sea  dissolved  in  water;  and  that  this  is  not  prevented  by  the  interposition  of  a  permeable 
embrane. 

+  Valentin's  "  Lehrbuch  der  Physiologic,"  band  i.  pp.  507-680. 
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expresses  the  law  of  its  action  in  those  simplest  cases,  in  which  the  result 
is  determined  solely  by  the  tendency  to  mutual  penetration  between  gases 
on  the  opposite  sides  of  a  porous  septum  that  affords  them  free  passage, 
can  scarcely  hold  good  when  tlio  septum  is  a  moist  animal  membrane, 
through  which  these  gases  pass  with  very  different  degi-ees  of  facility,  and 
when  one  side  of  it  is  in  contact  with  a  liquid,  tlu'ough  which  they  are 
diffusible  with  different  degrees  of  readiness. 

563.  The  recent  experiments  of  MM.  Regnault  and  Reiset*  appear  to 
have  faniished  the  solution  of  the  wide  differences  in  the  estimates  which 
various  experimenters  have  given,  as  to  the  relative  amount  of  Oxygen 
absorbed  and  of  Carbonic  acid  exhaled ;  by  showing  that  it  depends, — not, 
as  Dulong  and  Despretz  supposed,  upon  the  ordinary  regimen  of  the 
animal  (the  proportion  of  oxygen  absorbed  being  much  lai'ger  in  Cai-ni- 
vora  than  in  Hex-bivora),  —  bvit  upon  the  nature  of  the  aliment  on  which 
the  animal  is  fed  at  the  time  of  the  experiment.  Animals  fed  on  flesh 
absorb  much  more  oxygen  in  proportion,  than  those  fed  on  a  vegetable 
diet;  thus  in  a  dog  exclusively  nourished  on  flesh,  the  proportion  of 
oxygen  absorbed,  to  100  jsarts  of  cai'bonic  acid  exhaled,  was  134-3,  or 
much  above  that  which  the  law  of  mutual  diffusion  would  indicate ;  whilst 
in  a  rabbit  fed  exclusively  upon  vegetable  food,  the  proportion  of  oxygen 
absorbed  was  only  109  •34  to  100  parts  of  cai'bonic  acid  exhaled,  or  less 
than  the  calcixlated  amount.  The  difference  between  the  relative  propor- 
tions of  surplus  Oxygen,  in  the  same  animal,  under  opj^osite  circum- 
stances, was  found  to  be  as  much  as  62  : 104.  These  experimentei-s 
further  ascertained  that,  when  an  animal  is  kept  fasting,  the  I'elation 
between  the  Oxygen  absorbed  and  the  Carbonic  acid  exhaled  is  nearly  the 
same  as  when  the  animal  is  fed  on  flesh ;  the  I'eason  apparently  being, 
that  in  the  former  case  the  animal's  respiration  is  kept  uj)  at  the  expense 
of  the  constituents  of  its  own  body,  which  correspond  with  animal  food 
in  their  composition.  There  can  be  no  doubt  that,  on  the  whole,  a  con- 
siderable surplus  of  oxygen  is  absorbed  into  the  system;  and  it  appears 
probable  that  a  part  of  this  additional  oxygen  is  made  to  combine  Avith 
hydrogen  furnished  by  the  food  or  by  the  disintegration  of  the  tissues, 
the  water  thus  generated  forming  part  of  that  exhaled  from  the  lungs ; 
whilst  another  part  will  be  applied  to  the  oxidation  of  the  Sulphm"  aad 
Phosphorus,  which  are  taken-in  as  such  in  the  food,  and  which,  after 
forming  pai't  of  tlie  sohd  tissues,  are  excreted  in  the  condition  of  sul- 
phuric and  phosphoric  acids,  chiefly  through  the  kidneys.  It  also  ap- 
peal's, from  the  recent  experiments  of  Dr.  Bence  Jones,t  that  the  action 
of  oxygen  is  exerted  in  the  system  upon  Ammonia,  and  probably  upou 
other  products  of  decomposition  of  the  nitrogenous  tissues,  in  such  a 
manner  as  to  produce  Nitrous  or  Nitric  acid,  which  makes  its  appearance 
in  the  urine. 

564.  The  absolute  quantity  of  Carbonic  Acid  exhaled  from  the  Lungs 
is  liable  to  variation  from  so  many  sources,  that  no  fixed  standard  can  be 
assigned  for  it.  The  mean  of  a  great  number  of  observations,  however, 
made  in  different  modes,  and  under  different  circumstances,  would  give 
about  160  grains  of  Carbon  per  hour  as  the  amount  set  free  by  a  well- 

*  "Annales  de  Chimie  et  de  Physique,"  184.0. 

t  "  Pliilosophical  Transactions,"  1051 ;  and  "  Medical  Times,"  Aug.  30,  1851. 
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_:i-o\vn  adiilt  man,  under  ordinary  circumstances.  Taking  this  as  the 
■  veragc  of  the  twenty-four  lioiirs,  the  total  quantity  of  Carbon  thus  daily 
oxjjired  from  the  Lungs  -would  be  3840  grains,  or  8  oz.  Troy.  The  chief 
causes  of  variation  are, — the  Temperatm-e  of  the  surrounding  Medium, 
Vge',  Sex,  Development  of  the  body,  state  of  Health  or  Disease,  Muscular 
Exertion  or  Repose,  Sleep  or  Watchfulness,  Period  of  the  Day,  and  state 
of  the  Digestive  process.    These  will  now  be  considered  in  detail. 

a.  Temperature  of  surrounding  Medium. — The  amount  of  Carbonic  Acid 
■xhaled  by  warm-blooded  animals  is  greatly  increased  by  external  Cold,  and 
diminished  by  Heat ;  as  is  shown  by  the  following  results  of  comparative 
■xperiments  upon  the  quantity  set  free  by  the  same  animals,  at  low, 
laedium,  and  high  temperatures,  in  periods  of  an  hour  (Letellier*) : — 


A  Canary  . 
A  Turtle-Dove 
Two  Mice 
A  Guinea-Pig 


Temp,  about  32". 
Grammes, 

.  0-325 

0-974 
.  0-531 

3  00a 


Temp,  59°— e 
Grammes. 

0-250 
0-684 
0-458 
2-080 


Temp.  860—106°. 
Grammes. 

0-129 
0-336 

0- 268 

1-  453 


From  this  table  it  appears  that  the  quantity  of  carbonic  acid  exhaled  by 
Mammals  between  86°  and  106°  is  less  than  half  thsit  set  free  near  the 
fi-eezing-i3oint :  whilst  that  which  is  exhaled  between  59°  and  68°  is  but 
little  more  than  tivo-thirds  of  the  same  amount.    The  diminution  occa- 
sioned by  heat  is  still  more  remarkable  in  Birds;  which  exhale  at  the 
highest  temperature  scarcely  more  than  one-third  of  that  set  free  at  the 
I  )west. — The  observations  of  Vierordtt  upon  himself  show  that  the  same 
s  true  of  the  Human  subject;  a  difference  of  10°  Fahr.,  according  to  him, 
roducing  a  variation  of  rather  more  than  two  cubic  inches  in  the  amount 
f  Carbonic  Acid  hourly  expired. 

h.  Age. — The  amoimt  of  Carbonic  Acid  exhaled  increases  in  both  sexes 
ip  to  about  the  thirtieth  year;  it  remains  stationary  until  about  the 
forty-fifth;  and  then  diminishes.  The  following  are  the  comparative 
'•esults  of  experiments  upon  males  of  different  ages,  and  of  a  moderate 
legi-ee  of  muscular  development  ( Andi-al  and  Gavarret  %) : — 


Age. 

8  3'ears 
12  „ 
H  „ 
20  „ 
26  „ 


Carbon  exhaled 
per  hour. 

77-0  grains. 

113-9  „ 
.    126-2  „ 

166-3  „ 
.    169-4  „ 


Age. 

37  years 
48  „ 
59  „ 
68  „ 
76  „ 


Carbon  exhaled 
per  hour. 

164-7  grains. 

161-7  „ 
.    154-0  „ 

147-8  „ 
.      92-4  „ 


c.  Sex. — At  all  ages  beyond  eight  years,  the  exhalation  is  greater  in 
Vlales  than  in  Females.  Nearly  the  same  proportionate  increase  takes 
'lace,  however,  in  Females,  up  to  the  time  of  puberty ;  when  the  quantity 
abruptly  ceases  to  increase,  and  remains  stationary  so  long  as  they  con- 
inne  to  menstruate.  When,  however,  menstruation  has  ceased,  the 
•xhalation  of  carbonic  acid  begins  again  to  augment;  and  then  again 
liminiHhcs,  with  the  advance  of  years,  as  in  men.  Should  menstruation 
'-■mporai-ily  cease  at  any  time,  the  exhalation  of  carbonic  acid  immediately 

*  "  Annales  dc  Cliiinie  et  de  Physiciiie,"  1845. 
f  "  Physiologic  dus  Atlimens,"  pp.  73 — 82. 
+  "  Annaies  dc  Chimic  ct  de  Physique,"  1  843, 
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undergoes  an  increase,  precisely  as  at  the  final  cessation  of  the  function. 
And  during  pregnancy,  the  exhalation  increases  in  like  manner.  Tlie 
following  table  of  the  comparative  respnation  of  Females  at  different  ages 
will  serve  at  the  same  time  for  comparison  with  the  preceding,  so  as  to 
exhibit  the  general  difference  between  the  two  sexes,  at  ages  nearly  cor- 
responding ;  and  also  to  indicate  the  peculiar  modifications  induced  by 
the  operations  of  the  genital  system  (Andiul  and  Gavarret) : — 


Age. 

Carbon  exhaled 
per  hour. 

Age. 

Carbon  exhaled 
per  hour. 

10  years  . 
13  „ 

92*4  grains. 
97-0  „ 

During  Menstrual  life. 

During 

Pregnancy. 

15^  years  . 
26  „ 
32     „  . 
45  „ 

97"0  grains. 
97-0  „ 
.      95-4  „ 
95-4  „ 

22  years 

32  „ 

42    „  . 

.    129-3  grains 

126-7  „ 
.    120-3  „ 

After  Cessation  of  Ciitamenia. 

38  years  . 
49  „ 
52    „  . 
56  „ 

.    120-3  grains. 

113-9  „ 
.    115-5  „ 

119-3  „ 

66  years 
76  „ 
82  „ 

.    1 04-7  grains 
.       101-4  „ 
.     92-4  „ 

d.  Develoj)inent  of  the  Body. — The  more  robust  the  individual,  cceteris 
paribus,  the  more  carbonic  acid  is  exhaled;  and  the  variation  is  mxichmore 
influenced  by  the  development  of  the  mnsculai'  system,  than  by  the  height 
or  weight,  capacity  of  the  chest,  &c.  Thus,  a  very  strong  man  of  twenty- 
six  years  of  age  exhaled  at  the  rate  of  217-1  grains  per  hour;  when  a  mau 
of  moderate  muscular  power  set  free  but  169-4  grains  in  the  same  time. 
Another  robust  man  of  sixty  years  of  age  exhaled  at  the  rate  of  209-4  per 
hour ;  another  of  similar  constitution,  and  sixty-three  years  of  age,  at  the 
rate  of  190-9  grains  per  hour;  and  an  old  man  of  ninety-two  years,  who 
still  preserved  an  uncommon  degree  of  energy,  and  who  in  his  yoimger 
days  had  boasted  of  extraordinary  musculai'  powers,  exhaled  at  the  rate  of 
135-5  grains  per  hom*.  So,  also,  a  remarkably  vigorous  yotmg  woman  of 
nineteen  yeai'S  exhaled  at  the  rate  of  107-8  grains  per  hour;  another  of 
twenty-two  years,  rather  less  powerfid,  at  the  rate  of  103-1  grains;  and  a 
strong  woman  of  forty-four  years  (who  had  ceased  to  menstruate)  152-4 
grains. — On  the  other  hand,  a  slender  man  of  forty-five  years,  in  the 
enjoj^ment  of  good  health,  only  exhaled  at  the  rate  of  132-4  grains  per 
hour  (Audi'al  and  Gavarret). 

e.  State  of  Health  or  Disease. — Upon  this  very  important  cause  of  vari- 
ation, few  accurate  researches  have  yet  been  made.  The  2^c}'-centage  of 
carbonic  acid  in  the  expired  air  has  been  found  to  be  unusually  gi-eat  va 
the  Exanthemata,  and  in  chronic  Skin-diseases  (Macgregor*) ;  and  it  has 
been  stated  to  be  diminished  in  Typhus  (Malcolmt). — Thus,  the  average 
proportion  in  health  being  about  4-3  per  cent  (Vierordt) ;  it  has  been 
seen  at  8  per  cent  in  confluent  Small-pox,  at  5  per  cent  in  Measles,  and  at 
7-2  per  cent  in  a  severe  case  of  Ichthyosis  which  terminated  fatally;  whilst 
in  Typhus  the  per-centage  has  been  found  to  range  from  1-18  to  2-50. 
But  these  statements  do  not  indicate  the  total  qxiantity  exhaled  in  each 

•  "  Edinb.  Monthly  Journal,"  1843.       f  "  Report  of  Brit.  Assoc.,"  1843,  p.  S7- 
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ciisc. — The  remarkable  increase  of  the  exhalation  in  cases  of  Chlorosis, 
has  been  already  noticed;  in  four  cases  recorded  by  Hannover,  the  hoiu'ly 
_>xpiration  was  123-6, 118-G,  116-9,  and  106-3  grains ;  the  absolute  quantity 
liminisliing  as  the  respii-ations  increased  in  rapidity. — In  chronic  diseases 
,)f  the  respiratory  organs,  as  might  be  anticipated,  the  amount  of  Carbonic 
•id  exhaled  undergoes  a  sensible  diminution  (Nysten*  and  Hannover f). 
-Further  researches  are  much  needed  on  this  subject ;  but,  for  obvious 
■asons,  they  cannot  be  readily  made  in  severe  forms  of  disease. 
f.  Muscular  Exertion  or  Hepose. — The  effect  of  bodily  exercise,  in 
moderation,  is  to  produce  a  considerable  increase  in  the  amount  of  car- 
bonic acid  exhaled,  both  dimng  its  continuance,  and  for  some  little  time 
iibsequently  to  its  cessation.    According  to  the  observations  of  Vierordt, 
lie  increase  amounts  to  one-third  of  the  quantity  exhaled  during  rest ; 
lud  it  lasts  for  more  than  an  hour  afterwards,  being  manifested  in  the 
reater  quantity  of  air  respired,  and  in  the  larger  per-centage  of  carbonic 
cid  contained  in  it.    If  the  exercise  be  prolonged,  however,  so  as  to 
'ccasion  fatigue,  it  is  succeeded  by  a  diminished  exhalation. — The  con- 
'ction  between  musculai'  exertion  and  the  exhalation  of  carbonic  acid,  is 
ost  remarkably  shown  in  Insects ;  in  which  animals  we  may  witness  the 
ipid  transition  between  the  oj)posite  conditions  of  extreme  muscular 
Niertion,  and  tranquil  rej)Osej  and  in  which  the  effects  of  these  upon  the 
spiratory  process  ai'e  not  marked  by  that  exhalation  of  carbonic  acid, 
hich  is  requii-ed  in  warm-blooded  animals  simply  for  the  maintenance  of 
fixed  temj)eratiu'e.  Thus  a  Humble-Bee  was  found  by  Mr.  Newport:}:  to 
roduce  one-third  of  a  cubic  inch  of  carbonic  acid,  in  the  com'se  of  a  single 
'ur,  during  which  its  whole  body  was  in  a  state  of  constant  movement, 
cm  the  excitement  resulting  from  its  capture ;  and  yet,  diu-ing  the  whole 
■  enty-fom-  hours  of  the  succeeding  day,  which  it  passed  in  a  state  of 
mparative  rest,  the  quantity  of  carbonic  atid  generated  by  it  was 
i.solutely  less. 

[/.  Sleep  or  Watchfulness. — The  amount  of  carbonic  acid  exhaled  during 
'  ep  is  considerably  less  than  that  set  free  in  the  waking  state.  This  is 
'  i'ticularly  shown  by  the  experiments  of  Scharling ;  §  who  confined  the 
bjects  of  them  in  an  air-tight  chamber,  within  which  they  could  sleep, 
ke  their  meals,  &c.  Thus  in  one  case,  the  hourly  exhalation  sank  from 
0  to  100,  in  another  from  194-7  to  122*3,  and  in  another  from  99  to 
'■1.  The  cause  of  this  result  is  partly  to  be  sought  in  the  cessation  of 
'  muscular  exertion  (save  that  concerned  in  the  maintenance  of  the 
spiration) ;  and  partly  in  the  diminution  in  the  dissipation  of  the  heat 
'  the  body  itself 

h.  State  of  the  Digestive  Process. — It  is  weU  established,  that  the  exlia- 
tion  of  carbonic  acid  is  greatly  increased  by  eating,  and  that  it  is 
minished  by  fasting.  Thus  Prof.  Scharling  states  the  hourly  eihalation 
have  increased  in  one  instance  from  145  to  190,  after  breakfast  and  a 
dk  ;  in  another  from  140  to  177,  after  breakfast  alone;  and  in  another 
jm  111-9  to  188*9,  after  dinner.    The  observations  of  Vierordt  are  to 

*  "  Reclierches  de  Physiologic  et  de  Chimie  Pathologique,"  1811. 

t  "  De  Quantitate  relativa  ct  absoluta  Acidi  Carbonici  ab  Homine  Sauo  et  iEerroto 
lalati,"  1«4.5. 

t  "  Philos.  Transact.,"  1  B3G. 

^  "  Ann.  der  Chem.  und  Phann.,''  1!U3  ;  transl.  in  '  Ann.  de  Cliim.  et  de  Phys.,'  liJ43. 
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the  same  effect. — It  is  remarkable  that  Alcoliolic  drinks  liave  a  tendency 
to  dimin  ish  the  exhalation  of  carbonic  acid,  especially  when  taken  into  au 
empty  stomach;  and  it  appears  from  the  experiments  of  Dr.  Prout* 
which  liave  been  confirmed  as  to  many  points  by  those  of  Vierordt,  that 
this  diminution  continues  so  long  as  the  alcohol  remains  uucousunied  iu 
the  system,  and  is  then  followed  by  a  marked  increase  in  the  per-centa"'e 
of  carbonic  acid  in  the  inspired  air;  thus  showing  that  the  presence 
of  alcohol  tends  to  prevent  the  normal  oxidation  and  elimination  of  the 
excrementitious  matters  which  the  blood  may  contain.  Strong  tea  is 
said  to  have  the  same  effect  (Prout,  Vierordt). — The  quantity  is  also 
decreased  by  depressing  affections  of  the  mind  (Prout,  Vierordt,  and 
Scharliug). 

i  Period  of  the  Day. — Independently  of  these  variations,  which  have 
their  source  in  the  condition  of  the  iudi^ddual,  there  is  reason  to  beheve 
that  there  is  a  diurnal  cycle  of  change  in  the  quantity  of  carbonic  acid 
exhaled,  the  maximum  being  (crcteris  paribus)  before  and  after  noon,  and 
the  minimum  before  and  after  midnight.  From  the  experiments  of 
Scharling  upon  the  Human  subject,  it  would  appear  that  the  average 
proportion  exhaled  by  day  to  that  exhaled  by  night,  is  as  11  to  1 ;  and  this 
diifei'cnce  does  not  seem  to  be  affected  by  sleep  or  wakefulness.  How  far 
it  is  to  be  accounted  for  by  other  differences  in  the  condition  of  the 
system,  it  does  not  seem  easy  to  determine.  But  it  is  i?retty  ob\aously 
associated  with  a  difference  in  the  i^ower  of  generating  heat;  for  accord- 
ing to  the  observations  of  Chossat  (chap,  xiii.),  there  is  a  like  diurual 
variation  in  the  temperatm'e  of  Birds;  and  most  persons  are  conscioxis  of 
a  greater  difficulty  in  bearing  exposxu-e  to  cold  between  midnight  aud 
early  morning,  than  at  any  other  period  in  the  twenty-foiu'  hours. 

5G5.  The  aeration  of  the  blood  may  take  place,  not  only  by  means  of 
the  Lungs,  but  also  in  some  degi'ee  tln-ough  the  medium  of  the  Cutaneous 
sm-face.    In  some  of  the  lower  tribes  of  animals,  indeed,  this  is  a  very 
important  part  of  their  respiratory  process :  and  even  in  certain  Verte- 
brata,  the  cutaneous  respiration  is  capable  of  supporting  life  for  a  con- 
siderable time.    This  is  especially  the  case  in  the  Batrachia,  whose  skiu  is 
soft,  thin,  and  moist ;  and  the  effect  is  here  the  greater,  since,  fi'om  the 
small  proportion  of  the  blood  that  has  passed  throiigh  the  lungs,  that 
which  circidates  through  the  system  is  very  imperfectly  ai'terialized.  By  the 
experiments  of  Bischoff  it  was  ascertained  that,  even  after  the  lungs  of  a 
Frog  had  been  removed,  a  quarter  of  a  cubic  inch  of  carbonic  acid  was 
exhaled  from  the  skin,  during  eight  hom-s.    Experiments  which  have 
been  made  on  the  Human  subject  leave  no  room  for  doubt,  that  a  similar 
process  is  effected  through  the  medium  of  his  general  surface,  altlioiigh 
in  a  very  inferior  degree ;  for  by  confining  the  body  in  a  close  chamber, 
into  which  the  products  of  cutaneous  respiration  coidd  freely  pass,  whilst 
the  jDulmonary  respiration  was  measured  by  a  distinct  apparatns,  Prof. 
Scharlingt  ascertained  that  the  proportion  of  carbonic  acid  given  off  by  the 
Skin  is  from  l-30th  to  l-60th  of  that  exhaled  from  the  Lungs  during  the 
same  period  of  time.    Moreover,  it  has  been  observed,  not  unfrequcntly, 
that  the  livid  tint  of  the  skin  which  supervenes  in  Aspliyxia,  owing  to  the 
non-arterialization  of  the  blood  in  the  lungs,  has  given  place  after  dcatli 

*  "  Thomson's  Annals  of  PJiilosopliy,"  vols.  ii.  and  iv. 
+  "  Ann.  der  Chem.  und  Pharm.,"  \ 
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the  fresli  Inic  of  health,  owing  to  the  reddening  of  the  blood  in  the 
:iueous  capillaries  by  the  action  of  the  atmosphere  \ipon  them ;  and  it 
s  not  seem  improbable  that,  in  cases  of  obstruction  to  the  due  action 
the  lungs,  the  exhalation  of  carbonic  acid  through  the  skin  may 
lergo  a  considerable  increase;  for  we  find  a  similar  disposition  to 
arious  action  in  other  parts  of  the  excreting  apparatus.  Moreover, 
■re  is  evidence  that  the  interchange  of  gases  between  the  air  and  the 
■od,  through  the  skin,  has  an  important  share  in  keeping  up  the  tem- 
itm-e  of  the  body  (chap,  xiii.);  and  we  find  the  temperatm-e  of  the 
lace  much  elevated  in  many  cases  of  pneumonia,  phthisis,  &c.,  in  which 
lungs  seem  to  perform  their  function  very  insufliciently. 
oGG.  The  total  amount  of  Cai'bonic  acid  daily  given  off  ft'om  the  Skin 
1  Lungs  may  be  estimated  in  another  mode ;  namely,  by  determining- 
total  amount  of  Carbon  contained  in  the  ingesta,  and  the  amount 
reted  in  other  ways,  making  allowance  for  the  difference  in  weight  (if 
)  of  the  body.    In  this  mode.  Prof  Liebig  came  to  the  conclusion  that 
average  amount  of  carbon  exhaled  by  soldiers  in  barracks,  was  13 '9  oz. 
.ssian)  or  veiy  neaiiy  14  oz.  troy.*    From  similar  collective  observa- 
iis  upon  the  inmates  of  the  Bridewell  at  Marienschloss  (a  prison  where 
iDur  is  enforced)  he  calculates  that  each  individual  exhaled  10 '5  oz.  of 
bon  daily  in  the  form  of  carbonic  acid ;  while  in  a  prison  at  Giessen, 
c>se  inmates  are  dej^rived  of  all  exercise,  the  daily  average  was  but 
j  1  oz.t    It  has  been  shown  by  Prof  Scharling, ;}:  that  the  total  amount 
j  carbon  contained  in  the  daily  allowance  of  food  and  drink  in  the 
i  nish  Navy,  is  somewhat  less  than  10 '5  oz. ;  and  as  we  shall  presently 
[    that  fi'om  1-1 0th  to  l-12th  of  the  carbon  ingested  passes  off  through 
ler  channels,  scai'cely  more  than  9-5  oz.  of  this  amount  can  be  con- 
ned by  the  respiratory  process. — A  very  exact  estimate,  though  based 
j    more  limited  data,  has  been  recently  made  by  M.  Barral ;  §  who 
i  ^erimented  upon  himself  (set.  29)  in  winter  (a)  and  in  summer  (b), 
n  a  boy  of  6  years  old  (c),  upon  a  man  of  59  years  old  (d),  and  upon 
unman-ied  woman  of  32  years  (e).  The  following  table  gives  the  results 
ich  he  obtained,  from  an  average  of  five  days,  in  regard  to  the  disposal 
the  Carbon  of  the  food ;  those  which  relate  to  its  Hydi'ogen  and 
ygen  will  be  noticed  hereafter  (§  5G9). 

Weiijht  of  Bodjj .      Carbon  of  Food.  Carbon  excreted. 


"  Animal  Chemistry,"  3rd  edit.  p.  1 3.  The  mode  in  whicli  this  estimate  was  made, 
ver,  was  very  far  from  exact;  as  it  rests  on  the  assumption  that  the  carbon  of  the  fasces 
irine  was  no  more  tlian  equal  to  that  of  certain  extra  articles  of  diet  supposed  to  have 
consumed,  and  that  all  the  carbon  of  the  regular  allowance  of  bread,  meat,  and 
ables,  must  have  passed-off  by  the  atmosphere.  Its  great  discordance  with  other  results 
1  little  room  for  doubt,  that  even  if  not  far  from  being  true  for  the  particular  case,  it 
it  be  admitted  as  representing  the  usual  average. 
Op.  cit.  p.  4G. 

Ann.  der  Chem,  und  Pliarm.,"  184G.      $  "  Ann.  de  Chim.  et  dc  Phys.,"  toiu.  xxv. 


In  Pieces.        In  Urine.      By  Exhalation. 


A  104-5  lbs, 
B   


5654-1  grs. 
4090-0  „ 
238-2-3  „ 
51-23-0  „ 
45-20-8  „ 


•23G-2grs.  234-6  grs.  5183-3  grs. 

137-4   „  211-5   „  3741-1  „ 

149-7   „  67-9   „  2164-7  „ 

210-0   „  327-3  „  4585-7  „ 

64-8   „  216-1    „  4239-9  „ 


C  33  „ 
D  1291  „ 
E     134-6  „ 
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Thus  the  average  amouiit  of  carbon  daily  consumed  in  pulmonary  and 
cutaneous  exhalation  by  M.  Barral  himself,  was  in  winter  5183-3  grains, 
or  10-8  oz.  troy;  whilst  in  summer  it  was  but  37414  grains,  or  7-8  oz. 
troy ;  this  difference  is  quite  conformable  to  what  might  have  been  anti- 
cipated from  the  results  of  a  different  mode  of  experimenting  (§  5G4  (i)'^ 
and  it  throws  some  light  on  the  discrepancies  in  the  results  of  other 
measurements,  to  find  that  the  seasonal  variation  is  scarcely  less  than 
one-third  of  the  mean  between  these  two  amounts.  The  other  results 
correspond  closely  with  the  statements  of  MM.  Andral  and  Gavarret,  in 
regard  to  the  higher  proportion  of  carbonic  acid  exhaled  (as  compai-ed 
with  the  bulk  of  the  body)  by  children;  and  the  smaller  proportion 
thrown  off  by  men  advanced,  in  years,  and  by  women. 

5G7.  It  is  not  only  by  an  oxygenated  atmosphere,  that  the  removal  of 
Carbonic  acid  from  the  blood  may  be  effected.  For  although  it  was  for- 
merly supposed  that  the  exhaled  carbonic  acid  is  generated  in  the  lungs 
by  the  combination  of  atmospheric  oxygen  with  the  carbonaceous  matters 
of  the  blood,  and  that  the  inhalation  of  oxygen  is  therefore  immediately 
necessary  for  its  production,  yet  it  is  now  quite  certain  that  this  carbonic 
acid  exists  preformed  in  venous  blood,  and  that  the  oxygen  introduced  is 
carried  into  the  arterial  circulation,  instead  of  being  at  once  retiu'ned  to 
the  air  in  the  state  of  carbonic  acid.  That  this  (wdiich  was  first  advanced 
by  Lagi'ange  and  Hassenfratz)  is  the  true  view  of  the  case,  is  proved  by 
experiments  of  two  kinds; — those,  namely,  which  have  shown  that  a 
larger  proportion  of  oxygen  exists  in  arterial  blood,  and  a  larger  propor- 
tion of  carbonic  acid  in  venous  blood  (§  163); — and  those  which  demon- 
strate that  an  exhalation  of  cai'bonic  acid  may  continue  for  a  considerable 
period  (in  cold-blooded  animals  especially),  during  which  the  animal  is 
breathing  an  atmosphere  in  which  no  oxygen  exists.  Thus  it  was  shown 
by  Spallanzani,*  that  Snails  might  be  kept  for  a  long  time  in  Hydro- 
gen, withoiit  apparent  injmy  to  them;  and  that  dm-ing  this  period  they 
diseuo;ao;ed  a  considerable  amount  of  Carbonic  acid.  Dr.  Edwards t  sub- 
sequently  ascertained  that,  when  Frogs  were  kept  in  hydrogen  for  several 
hours,  the  quantity  of  carbonic  acid  exhaled  was  fully  as  great  as  it  would 
have  been  in  atmospheric  an-,  or  even  greater;  this  latter  fact,  if  correct, 
may  be  accounted-for  by  the  superior  displacing  power  which  (on  the 
laws  of  the  diffusion  of  gases)  hydi'ogen  possesses  for  carbonic  acid. 
CoUard  de  Martigny :}:  repeated  this  experiment  in  Nitrogen,  with  the  same 
results.  In  both  sets  of  experiments,  the  precaution  was  used  of  com- 
pressing the  flanks  of  the  animal,  previously  to  immersing  it  in  the  gas, 
so  as  to  expel  from  the  lungs  whatever  mixtm-e  of  oxygen  they  might 
contain.  These  experiments  have  been  since  repeated  by  MiiUer  and 
Bergemann,  who  took  the  additional  precaution  of  removing,  by  means  of . 
the  air-pump,  all  the  atmospheric  air  that  the  lungs  of  the  frog  might 
previously  contain,  together  with  the  carbonic  acid  that  might  exist  m 
the  alimentary  canal.  They  foimd  in  one  of  their  experiments,  _  that  the 
quantity  of  carbonic  acid  exhaled  in  hydrogen  was  nearly  a  cubic  inch  in 
6 1  hours;  and  in  another,  that  nearly  the  same  amount  wvas  given  off  m 
nitrogen,  though  this  required  rather  a  longer  period.  It  appears  from  the 

*  "  M6moires  sur  la  Respiration,"  traduits  par  Senebier,  Geneve,  1804. 

t  "  De  rinfliiciicc  des  Agens  Physiques  sur  la  Vie  ;"  Paris,  1824. 

X  '  Rccherchcs  Experimentales,'  &c.  in  Magendie's  "  Journal  de  Pliysiologie,"  torn.  x. 
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l)le  of  their  results,*  that  the  amount  was  not  ordinarily  greater  in  the 
perimeuts  which  were  prolonged  for  twelve  or  foiu'teen  hours,  than  in 
use  which  were  terminated  in  half  the  time ;  hence  it  may  be  inferred, 
at  the  quantity  which  the  blood  is  itself  capable  of  disengaging  is 
nited,  and  that  the  absorption  of  oxygen  is  necessary  to  enable  carbonic 
id  to  be  set  free  fi-om  the  body. — It  is  impossible,  however,  for  an  adult 
ird  or  Mammal  to  sustain  life  for  any  considerable  time  in  an  atmo- 
■here  deprived  of  oxygen ;  since  the  greatly-increased  I'apidity  and  energy 
'  all  their  vital  operations,  necessitate  a  much  more  constant  supply  of 
.is  vivifying  agent  than  is  needed  by  the  inferior  tribes;  and,  as  we  shall 
esently  see,  the  cajDillary  action  requisite  for  the  passage  of  the  blood 
u-ough  the  lungs  wiU  not  take  place  without  it.    But  Dr.  Edwards  has 
i  own,  that  young  Mammalia  can  sustain  life  in  an  atmosphere  of  hydi'o- 
n  or  nitrogen,  for  a  sufficient  length  of  time  to  exhale  a  sensible  amount 
carbonic  acid ;  so  that  the  character  of  the  process  is  clearly  proved  to 
the  same  in  them,  as  in  Eeptiles  and  Invertebrata. 
•568.  Much  discussion  has  taken  place  with  regard  to  the  degree  in 
!uch  the  proportion  of  Nitrogen  in  the  air  is  affected  by  Respiration.  It 
ems  j)robable  that  the  absorption  and  exhalation  of  this  gas  are  cou- 
uually  taking  place ;  but  that  the  two  amounts  usually  nearly  balance 
ich  other. t    On  the  whole,  however,  there  is  adequate  reason  to  believe 
lat  Nitrogen  is  usually  given  off;  this  being  the  joint  residt  of  the 
lalysis  of  the  expired  air,  and  of  the  comparison  of  the  nitrogen  given 
in  the  other  excretions  with  that  ingested  as  a  constituent  of  the 
'd.    Of  the  experiments  made  in  the  former  of  these  methods,  the 
L'jst  accm-ate  are  those  of  MM.  Regnault  and  Reiset,  whose  general  con- 
'isions  are  as  follows: — (1).  That  warm-blooded  animals  subjected  to 
eir  ordinary  regimen  exhale  nitrogen,  but  never  in  larger  proportion 
I  an  1-0  0th,  and  sometimes  in  less  than  1-lQOth,  of  the  oxygen  con- 
imed: — (2).  That  in  a  state  of  inanition,,  animals  usually  absorb  nitro- 
lu; — (3).  That  animals  whose  usual,  diet  ,  has  been  changed,  usually 
i  isorb  oxygen  until  they  are  accustomed  to  their  new  food.  J — Of  the 
xperiments  made  according  to  the  second  method,  those  of  M.  Boussin- 
Ldt  upon  turtle-doves,  and  those  of  M.  Barral  upon  the  human  subject, 
I  'pear  to  be  trustworthy.    The  foirmer  states  that  the  surplus  of  nitro- 
'■n  in  the  food  of  the  bu-d,  above  that  excreted  by  the  kidneys  and  intes- 
iiial  canal,  is  2i  grains  daily  ;§  whilst  the  latter  gives  the  following  as 
J  results  of  his  observations  upon  himself  and  the  other  individuals 
I  ready  refen-ed-to  (§  566): — 

Nitrogen  in  Food.  Nitrogen  excreted. 


Urine.  Fseces.        Lungs  and  Skin. 

A        432-3  grs.  168-3  grs.  43-2  grs.        220-8  grs. 

B        3-27-3  „  151-3  „  20-1   „         155-9  „ 

C        121-9  „  47-8   „  27-8   „  46-3  „ 

D       421-5   „  234-6   „  38-6   „         148-3  „ 

E        345-8   „  154-4   „  12-3   „         179-1  „ 


Miiller's  "  Elements  of  Physiology,"  translated  by  Baly,  p.  338. 
r  For  the  considerations  which  render  this  probable,  see  especially  Dr.  W.  F.  Edwards 
•  ii  the  Influence  of  Physical  Agents  on  Life,"  Part  iv.  chap.  xvi.  sect.  2,  3. 

"Ann.  de  Chim.  et  de  Phys.,"  1849. 
i  "Coniptes  Rendus,"  1846. 
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In  cases  a,  b,  and  e,  the  amount  of  Nitrogen  which  (being  otherwise 
unaccounted-for)  must  be  considered  to  have  passed  off  by  the  kings  and 
skin,  was  about  l-7oth  of  the  oxygen  consumed;  a  proportion  which 
accords  very  well  with  that  deduced  by  MM.  Regnault  and  Reiset  from 
their  experiments  on  animals.  In  case  d,  however,  it  was  only  1-9  7th ; 
and  in  case  c  (that  of  a  child  of  six  years  old),  it  was  as  little  as  1-1 43rd. 
— It  will  be  remembered  that  Nitrogen  exists  in  an  uncombined  state  in 
the  blood  (§  1G3);  its  per-centage,  however,  is  continually  varying;  and 
no  constant  difference  is  obseiTable  between  the  proportions  yielded  by 
arterial  and  venous  blood  respectively. 

[The  alterations  effected  in  the  Blood  by  Respiration  have  alixady  been 
fully  considered.    See  §§  163-1G6.] 

569.  Exhalation  and  Ahsorjition  through  the  Lungs. — The  Air  expired 
from  the  lungs  differs  from  that  which  was  introduced  into  them,  not 
merely  in  the  altei-ed  proportions  of  its  Oxygen,  Nitrogen,  and  Carbonic 
acid,  but  also  in  having  received  (under  ordinary  circumstances  at  least) 
a  large  addition  to  its  watery  vapour.  This  it  doubtless  acquu-es,  in 
accordance  with  physical  laws,  through  its  exposure  to  the  warm  blood 
which  is  spread  out  over  a  very  extensive  surface,  the  intermediate  mem- 
brane being  extremely  permeable ;  and  the  variations  in  its  amount  wiU 
depend  upon  the  physical  conditions  inider  which  that  exposm-e  takes 
place.  The  air  expired  in  ordinary  resjDiration  is  charged  with  as  much 
watery  vapour  as  saturates  it  at  the  temperature  of  the  body ;  and  con- 
sequently the  amount  of  watery  vapour  thus  exhaled,  wiU  vaiy  (for 
equal  volumes  of  air  at  any  given  temperatm^e)  in  the  inverse  proportion 
to  that  which  the  air  i^reviously  contained.  But  when  the  air  is  veiy 
cold  and  very  diy,  and  the  respiration  is  unusually  rapid,  it  may  not 
remain  sufficiently  long  in  the  air-cells  to  be  raised  to  the  temperature  of 
the  body,  or  to  be  fully  satm'ated  with  moistm'e.  The  amomit  of  watery 
vapour  exhaled,  moreover,  will  of  course  depend  in  part  upon  the  quan- 
tity of  air  which  passes  through  the  lungs.  And  from  these  causes  of 
variation,  it  happens  that  the  amount  of  watery  vapom*  exhaled  in  twenty- 
fovu"  hom's  ranges  from  about  6  to  2  7  oz. ;  its  usual  range,  howevei',  being- 
between  16  and  20  oz. — Of  the  fluid  ordinarily  exhaled  with  the  breath, 
a  pai-t  doubtless  proceeds  from  the  moist  lining  of  the  nostrils,  fauces, 
&c. ;  but  it  is  indisputable  that  the  greater  proportion  of  it  comes  fi'om 
the  lungs,  since,  when  the  resj)iration  is  entirely  performed  through  a 
canula  introduced  into  the  trachea,  the  amount  of  watery  vapour  which 
the  breath  contains  is  still  very  considerable.  Of  the  proper  pulmonary 
exhalation,  there  can  be  no  doubt  that  the  gi-eater  part  is  the  mere  sur- 
plus-water of  the  blood,  and  especially  of  the  crude  fluid  which  has  been 
newly  introduced  into  the  circulating  cuiTent  by  the  process  of  nutritive 
absorption.  But  there  is  strong  evidence  that  Hydrogen  as  well  as  cai-bou 
undergoes  combustion  in  the  system ;  and  that  a  portion  of  the  exhaled 
aqueous  vapour  is  the  product  of  that  combustion.  For  of  the  hydrogen 
which  the  food  contains,  not  more  than  from  l-8th  to  1-1 0th  passes  off 
by  the  other  excretions,  the  remaining  7-8ths  or  9-lOths  being  exhaled  in 
the  condition  of  watery  vajDOur  from  the  lungs.  A  portion  of  the  oxy- 
gen which  this  vapour  contains,  is  supplied  by  the  food ;  but  there  is  a 
considerable  surplus  of  hych'Ogen ;  and  this  can  only  be  converted  into 
water,  at  the  expense  of  oxygen  derived  froin  the  atmosphere.  Uiiou 
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this  point  the  experiments  of  M.  Barral  (loc.  cit.)  gave  the  following 
results. 


Oxygen  exhaled. 

Equiv.  of  Hydrogen. 

Hydrogen  exhaled. 

Difference. 

A 

3841-4  gTS. 

480-2  grs. 

801-3  grs. 

321-1  grs. 

B 

2757-6  „ 

344-7  „ 

597-5  „ 

252-8  „ 

C 

1880-6  „ 

235-1  „ 

330-4  „ 

95-3  „ 

D 

3795-1  „ 

474-4  „ 

662-3  „ 

187-9  „ 

E 

3140-5  „ 

39-2-5  „ 

643-8  „ 

251-3  „ 

Thus  it  appears  that,  of  the  Hydrogen  exhaled  fi-om  the  lungs  and  skin 
of  M.  Barral,  in  the  condition  of  watery  vapour,  not  less  than  321-1  gTS. 
in  \santer,  and  252-8  gi-ains  in  summer,  must  have  been  converted  into 
water  by  oxygen  derived  from  the  air  j  and  this  calculation  would  give 
2889-9  gTS.  (6  oz.  troy)  for  the  winter,  and  2275-2  grs.  (4-7  oz.  troy)  for 
the  summer,  as  the  amount  of  water  thus  generated  in  the  combustive 
process.  This,  however,  can  only  be  regarded  as  an  approximation  to 
the  truth ;  since  there  are  many  circumstances  not  taken  into  account  in 
the  computation,  by  which  the  estimate  may  be  aifected. 

570.  -  The  fluid  thrown  off"  from  the  lungs  is  not  pure  Water.    It  holds 
in  solution,  as  might  have  been  expected,  a  considerable  amount  of  car- 
bonic acid,  and  also  some  animal  matter  j  the  exact  nature  of  the  latter, 
which  according  to  Collard  de  Martigny  (op.  cit.)  constitutes  about  3 
parts  in  1000,  has  not  been  ascertained;  but  from  the  recent  inquiries  of 
Mr.  R.  A.  Smith,*  it  would  ajjpear  to  be  an  albuminous  substance  in  a 
state  of  decomposition.    If  the  fluid  be  kept  in  a  closed  vessel,  and  be 
exposed  to  an  elevated  temperature,  a  very  evident  putrid  odour  is  ex- 
haled by  it.    Every  one  knows  that  the  breath  itself  has,  occasionally  in 
some  persons,  and  constantly  in  others,  a  foetid  taint ;  when  this  does  not 
proceed  from  carious  teeth,  ulcerations  in  the  air-passages,  disease  in  the 
lung-s,  or  other  similar  causes,  it  must  result  from  the  excretion  of  the 
odorous  matter,  in  combination  with  watery  vapour,  from  the  pulmonary 
sm-face.    That  this  is  the  true  account  of  it  seems  evident,  from  the 
analogous  phenomenon  of  the  excretion  of  turpentine,  camphor,  alcohol, 
and  other  odorous  substances,  which  have  been  introduced  into  the 
venous  system,  either  by  natural  absorption,  or  by  direct  injection ; 
and  also  from  the  suddenness  with  which  it  often  manifests  itself, 
when  the  digestive  apparatus  is  slightly  disordered,  apparently  in  con- 
sequence of  the   entrance  of  some  raal-assimilated  matter  into  the 
blood.    Among  the  substances  occasionally  thrown  off  by  the  lungs, 
phosphorus  deserves  a  special  mention,  on  account  of  the  peculiarity  of 
the  form  under  which  it  is  eliminated;  for  it  has  been  found  that  if 
phosijhonis  be  mixed  with  oil,  and  be  injected  into  the  blood-vessels,  it 
paitly  escapes  in  an  unoxidized  state  from  the  lungs,  rendering  the  breath 
lumiuous.t    And  this  Iviminous  breath  has  also  been  observed  in  spirit- 
drinkers;  in  whom  the  oxidation  of  the  efllste  matters  of  the  system  is 
impeded,  in  consequence  of  the  demand  set  up  by  the  alcohol  ingested 
for  the  oxygen  introduced  (§  5G4,  h). 

571.  Not  only  exhalation,  but  also  (under  peculiar  circumstances) 
absoriHion  of  fluid  may  talie  place  through  the  Lungs.    Thus  Dr. 

*  "  Philosophical  Magaziiio,"  vol.  xxx.  p.  478. 
■Y  "  Casper's  Wochenschrift,"  1849,  band  15. 
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Madden*  has  shown  that,  if  the  vapour  of  liot  water  be  inhaled  for  some 
time  together,  the  total  loss  by  exhalation  is  so  much  less  than  usual,  as  to 
indicate  that  the  cutaneous  transpiration  is  partly  counterbalanced  by 
pulmonary  absorption;  the  pulmonary  exhalation  being  at  the  same  time 
entirely  checked.  It  is  probable  that,  if  the  quantity  of  fluid  in  the 
blood  had  been  previously  diminished  by  excessive  sweating,  or  by  other 
copious  fluid  secretions,  the  piQmonaiy  absorption  would  have  been  much 
greater.  Still  in  the  cases  formerly  mentioned  (§  4G9),  in  which  a  large 
increase  in  weight  could  only  be  accounted-for  on  the  supposition  of 
absorption  of  water  from  the  atmosphere,  it  seems  probable  that  the 
cutaneous  surface  was  chiefly  concerned;  for  it  can  only  be  when  the  air 
introduced  into  the  lungs  is  saturated  with  watery  vapour,  that  the  usual 
exhalation  will  be  checked,  or  that  any  absoi'ption  can  take  place. 

572.  That  absorption  of  other  volatile  matters  difliised  through  the 
ail',  is,  however,  continually  taking  place  by  the  lungs,  is  easily  demon- 
strated. A  familiar  examjjle  is  the  effect  of  the  inhalation  of  the  vapour 
of  Turpentine  upon  the  urinary  excretion.  It  can  only  be  in  this  man- 
ner that  those  gases  act  ujjon  the  system,  which  have  a  noxious  or 
poisonous  effect,  when  mingled  in  small  quantities  in  the  atmosphere; 
and  it  is  most  astonishing  to  witness  the  extraordinaiy  increase  in  potency 
which  many  substances  exhibit,  when  they  ai'e  brought  into  relation  with 
the  blood  in  the  gaseous  form.  The  most  remarkable  example  of  this 
kind  is  afforded  by  Arseniuretted  Hydrogen,  the  inspiration  of  a  few 
hundredths  of  a  grain  of  which  has  been  productive  of  fatal  consequences, 
the  resulting  symptoms  being  those  of  arsenical  poisoning.  Next  to  this, 
perhaps,  in  dcletei-ious  activit}'^,  is  Sulphuretted  Hydrogen;  but  it  would 
seem  that  the  effects  of  this  upon  the  Human  subject  are  scarcely  so 
violent  as  they  are  upon  animals;  for  though  it  has  been  found  that  the 
presence  of  1-1 500th  part  of  it  in  the  respired  air  will  destroy  a  bird  in 
a  very  short  time,  that  1-8 00th  part  suffices  to  kill  a  dog,  and  that 
1-2 5 0th  pai't  is  fatal  to  a  horse,  yet  M.  Parent-Duchatelet  has  affirmed 
that  workmen  habitually  breathe  with  impunity  an  atmosphere  contain- 
ing one  x>^i'  c^nt,  and  that  he  himself  has  respired,  without  serious  symp- 
toms ensuing,  air  which  contained  three  x>er  cent.  There  can  be  no  doubt, 
however,  that  the  continued  inhalation  of  air  thus  contaminated,  would 
be  speedily  fatal.  Sulphm-etted  hydrogen  and  Hydro-sulphuret  of  am- 
monia are  given  off"  from  most  forms  of  decaying  animal  and  vegetable 
matter;  and  it  is  undoubtedly  to  the  accumulation  of  these  gases,  that  the 
fatal  results  which  sometimes  ensue  from  entering  sewers  are  to  be  chiefly 
attributed. — Carburetted  hydrogen  is  another  gas  whose  effects  are  simi- 
lar; but  a  larger  proportion  of  it  is  required  to  destroy  life. — Carbonic 
acid  gas,  also,  appears  to  be  absorbed  by  tlie  lungs,  when  a  large  proportion 
of  it  is  contained  in  the  atmosphere.  The  accumulation  of  this  gas  in  the 
blood,  when  the  respired  air  is  charged  with  it  even  to  a  moderate  amount, 
might  be  attributed  to  the  impediment  thus  offered  to  its  ordinaiy  exhalar 
tion  (§  56)  :  but  the  following  experiment  appears  to  prove  that  it  may  be 
actually  absorbed  into  the  blood,  and  that  it  will  thus  exert  a  real 
poisonous  influence,  and  not  merely  produce  an  asphyxiating  eifect.  It 
was  found  by  Rolando,  that  the  air-tube  of  one  lung  of  the  land-tortoise 


*  "  Prize  Essay  on  Cutaneous  Absorption,"  p.  55. 
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may  be  tied,  without  apparently  doing  any  material  injury  to  the  animal, 
as  the  respiration  performed  by  the  other  is  sufficient  to  maintain  life 
for  some  time ;  but,  having  contrived  to  make  a  tortoise  injiale  carbonic 
i  acid  by  one  lung,  whilst  it  breathed  air  by  the  other,  he  found  that  the 
;  animal  died  in  a  few  hours.  — Cyanogen  is  another  gas  which  has  an 
i  actively-poisonous  influence  upon  animals,  when  absorbed  into  the  lungs; 
•  its  agency,  also,  is  of  a  narcotic  character. 

573.  It  is  singular  that  the  effects  of  the  respiration  of  pure  Oxygen 
should  not  be  dissimilar.    At  first,  the  rapidity  of  the  pulse  and  the 
number  of  the  respirations  are  increased,  and  the  animal  aj^pears  to 
suffer  little  or  no  inconvenience  for  an  hour;  but  symptoms  of  coma 
then  gradually  develop  themselves,  and  death  ensues  in  six,  ten,  or  twelve 
hours.    If  the  animals  are  removed  into  the  air  before  the  insensibility 
is  complete,  they  then  quickly  recover.    When  the  body  is  examined, 
the  heart  is  seen  beating  strongly,  while  the  diaphragm  is  motionless ; 
the  whole  blood  in  the  veins,  as  well  as  in  the  arteries,  is  of  a  bright 
irlet  colour;  and  several  of  the  membranous  smfaces  have  the  same 
Lint.    The  blood  is  observed  to  coagulate  with  remarkable  raj)idity;  and 
.  it  is  to  the  alteration  in  its  properties,  occasioned  by  hyper-arterialization, 
.  and  indicated  by  this  condition,  that  we  are  probably  to  attribute  the  fatal 
\  result.    There  can  be  no  doubt  that  in  this  instance,  an  undue  amount  of 
oxygen  is  absorbed;  and  it  does  not  seem  unlikely  that  one  cause  of  the 
fatal  residt,  is  a  stagnation  of  the  blood  in  the  systemic  capillaries,  con- 
sequent upon  the  want  of  sufficient  change  in  its  passage  through  them. 
— When  Nitrogen  or  Hydrogen  is  breathed  for  any  length  of  time,  death 
results  fi'om  the  deprivation  of  Oxygen,  rather  than  from  any  deleterious 
i  influence  which  these  gases  themselves  exert.— Death  is  also  caused  by 
the  inhalation  of  several  gases  of  an  irritant  character,  such  as  Sul- 
phurous, Nitrous,  and  Muriatic  acids ;  but  it  is  doubtful  how  far  they 
;  are  absorbed,  or  how  far  their  injm-ious  effects  are  due  to  the  abnormal 
lotion  which  they  excite  in  the  lining  membrane  of  the  air-cells  and 
Aibes.- — It  cannot  be  doubted,  that  Miasmata  and  other  morbific  agents 
liffused  through  the  atmosphere,  are  more  readily  introduced  into  the 
system  through  the  pulmonary  surface  than  by  any  other;  and  our  aim 
should  therefore  be  directed  to  the  discovery  of  some  counteracting 
^L'cnts,  which  can  be  introduced  in  the  same  manner.    The  Pulmonary 
'■face  affords  a  most  advantageous  channel  for  the  introduction  of 
rtain  medicines  that  can  be  raised  in  vapour,  when  it  is  desired  to 
iiict  the  system  with  them  speedily  and  powerfully;  such  is  pre-emi- 
■iitly  the  case  with  those  Anaesthetic  agents,  ether  and  chloroform, 
•  liose  introduction  into  the  various  departments  of  Medical  and  Surgical 
"'actice  constitutes  a  most  important  era  in  the  history  of  the  healing 
t;  also  with  Mercui*y,t  Iodine,  Tobacco,  Stramonium,  &c. 

*  The  fatal  result  of  breathing  the  fumes  of  charcoal  is,  therefore,  not  simple  Asphyxia, 
"  h  as  would  result  from  breathing  hydrogen  or  nitrogen. — Other  volatile  products  are  set 
''■  m  the  combustion  of  charcoal,  besides  carbonic  acid.    Mr.  Coathupe  (loc.  cit.)  states 
to  be  Carbonate,  Muriate,  and  Sulphate  of  Ammonia,  Carbonic  Oxide,  Oxygen 
trogen,  Watery  vapour,  and  Empyreumatic  Oil :  to  these,  Sulphurous  acid  may  appear  to' 
properly  added. 

+  The  beneficial  results  of  the  introduction  of  Mercury  by  inhalation  are  strikingly  set 
tn  in  Mr.  Langston  Parker's  Essay  on  "  The  Treatment  of  Secondary,  Constitutional  and 
'iifirmed  Syphilis."  ' 
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3. — Effects  of  Suspension  or  Deficiency  of  Respiration. 

574:.  We  have  now  to  consider  the  results  of  the  cessation  of  the 
Respiratory  function,  and  the  consequent  retention  of  Carbonic  Acid  in 
the  blood.  If  this  be  sufficiently  prolonged,  a  condition  ensues,  to  which 
the  name  of  As2)hyxia  has  been  given ;  the  essential  chai-acter  of  wliich 
is  the  cessation  of  musculai-  movement,  and  shortly  afterwards  of  tlie 
circulation ;  with  an  accumulation  of  blood  in  the  venous  system.  The 
time  which  is  necessary  for  life  to  be  destroyed  by  Asjihyxia  vai-ies  much 
not  only  in  different  animals,  but  in  difterent  states  of  the  same.  Thus 
warm-blooded  animals  are  much  sooner  asphyxiated  than  Reptiles 
Invertebrata ;  on  the  other  hand,  a  hybernating  Mammal  supports  life  for 
many  montlis,  with  a  respiration  sufficiently  low  to  produce  speedy 
asphj^xia  if  it  were  in  a  state  of  activity.  And  among  Mammalia  and 
Birds,  there  are  many  species  which  ai-e  adapted,  by  pecidiaritics  of  con 
formation,  to  sustain  a  deprivation  of  air  for  much  more  than  the  average 
period.*  Excluding  these,  it  may  be  stated  as  a  general  fact,  that,  if 
warm-blooded  animal  in  a  state  of  activity  be  deprived  of  respu-atory 
power,  its  muscular  movements  (with  the  exception  of  the  contraction 
tlie  heart)  will  cease  within  five  minutes,  often  within  three;  and  that 
tlie  circulation  generally  fails  within  ten  minutes. — Many  i^ersons,  how- 
ever, are  capable  of  sustaining  a  deprivation  of  air  for  two,  three,  or  even 
four  minutes,t  without  insensibility  or  any  other  injiuy;  but  this  power, 
which  seems  possessed  to  the  g'reatest  degree  by  the  divers  of  Ceylon 
can  only  be  acquired  by  habit.  The  period  during  which  remedial  means 
may  be  successful  in  restoring  the  activity  of  the  vital  and  animal  func 
tions,  is  not,  however,  restricted  to  this.  There  is  one  well-authenticated 
case,  in  which  recovery  took  place  after  a  continuous  submersion  of 
fifteen  minutes; J  and  many  others  ai-e  on  record,  of  the  revival  o 

*  Thus,  the  Cetacea  contain  far  more  blood  in  their  vessels,  than  do  any  other  Mammalia 
and  these  vessels  are  so  arranged,  that  both  arteries  and  veins  are  in  connection  with  large 
reservoirs  or  diverticula.  The  reservoirs  belonging  to  the  former  are  usually  full ;  but 
when  the  Whale  remains  long  under  water,  the  blood  which  they  contain  is  gradually  intro- 
duced into  the  circulation,  and,  after  becoming  venous,  accumulates  in  the  reservoirs  connected 
with  the  venous  S3'stem,  By  means  of  this  pro'Vision,  the  Whale  can  remain  under  water 
for  more  than  an  hour. 

+  Dr.  Hutchinson  states  that  any  man  of  ordinary  '  vital  capacity'  can  pass  two  minutes 
without  breathing,  if  he  first  makes  five  or  six  forcible  inspirations  and  expirations,  so  as  to 
cleanse  the  lungs  of  the  old  air,  and  then  fills  his  chest  as  completely  as  he  can.  "  For  the 
first  15  seconds  a  giddiness  will  be  experienced;  but  when  this  leaves  us,  we  do  not  fee 
the  slightest  inconvenience  for  want  of  air."  (See  "  Cyclop,  of  Anat.  and  Phys.,"  vol.  iv. 
p.  1066.) 

±  The  following  are  the  facts  of  this  narrated  by  Marc  ("  Manuel  d'Autopsi 

Cadaverique  Medico-Legalc,"  p.  165)  on  the  authority  of  Prater. — A  woman  convicted  o 
infanticide  was  condemned  to  die  by  drowning.  This  punishment  was  formerly  inflicted  i 
Germany  according  to  the  now  obsolete  Caroline  law,  the  culprit  being  inclosed  in  a  sac 
with  a  cock  and  a  cat,  and  sunk  to  the  bottom  of  the  water.  In  this  instance,  the  woman 
after  having  been  submerged  for  a  quarter  of  an  hour,  was  drawn  up,  and  spontaneously 
recovered  her  senses.  She  stated  that  she  had  become  insensible  at  the  moment  of  he 
submersion  ;  a  circumstance  which  adds  considerable  weight  to  the  supposition,  based  upo 
the  post-mortem  appearances  in  many  cases  of  drowning,  that  death  often  takes  place  a 
much  by  Syncope  (or  primary  failure  of  the  heart's  action,  consequent  upon  sudden  an 
violent  emotion,  or  upon  physical  shock)  as  by  Asphyxia.  If  the  reality  of  this  state  o 
Syncopal  Asphyxia  be  admitted,  tliere  does  not  seem  any  adequate  I'eason  for  limiting  th 
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drowned  ijersoiis  after  au  interval  of  half  an  hour,  or  even  more;  but 
there  is  not  the  same  certainty  in  regard  to  these,  that  the  individuals 
may  not  have  occasionally  risen  to  the  surface  and  taken  breath  there. 
It  is  not  improbable,  however,  that  in  some  of  these  cases  a  state  of 
Syncope  had  come  on  at  the  moment  of  immersion,  through  the  influence 
of  fear  or  other  mental  emotion,  concussion  of  the  brain,  &c. ;  so  that, 
when  the  circulation  was  thus  enfeebled,  the  deprivation  of  air  would  not 
have  the  same  injurious  effect,  as  when  this  function  was  in  full  activity. 
The  case  would  then  closely  resemble  that  of  a  hybernating  animal;  for 
in  both  instances  the  being  might  be  said  to  live  very  slowly,  and  would 
therefore  not  requii'e  the  usual  amount  of  respiration.  The  condition 
of  the  still-bom  infant  is  in  some  respects  the  same ;  and  re-animation 
has  been  successfully  attempted,  when  nearly  half  an  hour  had  intervened 
between  birth  and  the  employment  of  resuscitating  means,  and  when 
probably  a  much  longer  time  had  elapsed  from  the  period  of  the  suspen- 
sion of  the  circulation. 

o7o.  It  has  now  been  sufficiently  proved,  both  by  experiment  and  by 
pathological  observation,  that  the  first  effect  of  the  non-arterialization  of 
the  blood  in  the  lungs,  is  the  retardation  of  the  fluid  in  their  capillaries ; 
of  which  the  accumulation  in  the  venous  system,  and  the  deficient 
supply  to  the  arterial,  are  the  necessary  consequences.  It  is  some  time, 
however,  before  a  complete  stagnation  takes  place  from  this  cause ;  since, 
as  long  as  the  proportion  of  oxygen  which  remains  in  the  air  in  the  lungs 
is  considerable,  and  that  of  the  carbonic  acid  is  small,  so  long  will  some 
imperfectly-arterialized  blood  find  its  way  back  to  the  heart,  and  be  trans- 
mitted to  the  system.  This  blood  exerts  a  depressing  influence  upon  the 
nervous  centres,  which  is  aided  by  the  diminution  that  gradually  takes 
place  in  the  quantity  of  blood  propelled  to  them;  and  thus  the  powers  of 
the  Sensorial  centres  are  suspended,  so  that  the  individual  becomes  uncon- 
scious of  external  impressions ;  whilst  the  activity  of  the  Medulla  Oblon- 
gata also  becomes  diminished,  so  that  the  respiratory  movements  are 
enfeebled.  The  progressive  exhaustion  of  the  oxygen  of  the  air  in  the 
lungs,  aud  the  accumulation  of  carbonic  acid  in  the  blood,  increase  the 
obstruction  in  the  pulmonary  capillaries ;  less  and  less  blood  is  delivered 
to  the  systemic  arteries,  and  what  is  thus  transmitted  becomes  more  and 
more  venous;  the  nervous  centres  are  now  completely  paralyzed,  and  the 
respiratory  movements  cease ;  and  the  deficient  supply  of  blood,  with  the 
depravation  of  its  quality,  act  injuriously  upon  the  muscular  system  also, 
and  especially  weaken  the  contractility  of  the  heart  (§  324).  In  this 
enfeebled  state,  the  final  cessation  of  its  movements  seems  attributable  to 
two  distinct  causes,  acting  on  the  two  sides  respectively ;  for  on  the  right 
aide  it  is  the  result  of  the  over-distension  of  the  walls  of  the  ventricle, 
owing  to  the  accumulation  of  venous  blood ;  and  on  the  left  to  deficiency 
of  the  stimulus  necessary  to  excite  the  movement,  wliich  is  no  longer 
sustained  by  its  spontaneous  motility  (§  499).  The  heart's  contractility 
is  nut  finally  lost,  nearly  as  soon  as  its  movements  cease ;  for  the  action 
of  the  right  ventricle  may  be  renewed,  for  some  time  after  it  has  ceased, 
by  withdrawing  a  portion  of  its  contents, — either  through  the  pulmonary 

possible  persistence  of  vitality  in  a  sulimcrged  body,  even  to  IiiilF  ;in  hour;  especially  if  the 
temperature  of  the  water  be  such  as  not  to  cause  any  rapid  abslniction  of  its  heat. 
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artery,  their  natural  channel, — or,  more  directly,  by  an  opening  made  in 
its  own  parietes,  in  the  auricle,  or  in  the  jugular  vein  (§  504).  On  the 
other  hand,  the  left  ventricle  may  be  again  set  in  action,  by  renewing  its 
appropriate  stimulus  of  arterial  blood.  Hence,  if  the  stoppage  of  the 
circulation  have  not  been  of  too  long  continuance,  it  may  be  renewed  by 
artificial  respiration;  for  the  replacement  of  the  carbonic  acid  by  oxygen 
in  the  air-cells  of  the  lungs,  restores  the  circulation  through  the  pulmo- 
nary capillaries ;  and  thus  at  the  same  time  reheves  the  distension  of  the 
right  ventricle,  and  conveys  to  the  left  the  due  stimulus  to  its  actions. — 
Of  the  mode  in  which  the  Pulmonary  circulation  is  thus  stagnated  by  the 
want  of  oxygen,  and  renewed  by  its  ingress  into  the  lungs,  no  other  con- 
sistent explanation  can  be  given,  than  that  which  is  based  on  the  doctrine 
ah-eadylaid  down  in  regard  to  the  capiUaiy  circulation  in  general  (§527); 
namely  that  the  performance  of  the  normal  reaction  between  the  blood 
and  the  surrounding  medium  (whether  this  be  air,  water,  or  solid  organ- 
ized tissue)  is  a  condition  necessary  to  the  regular  movement  of  the  blood 
through  the  extreme  vessels.  That  no  mechanical  impediment  to  its 
passage  is  created  (as  some  have  maintained)  by  the  want  of  distension  of 
the  lungs,  has  been  fully  proved  by  the  experiments  of  Dr.  J.  Reid  on  the 
induction  of  Asphyxia  by  the  respiration  of  azote.  And  that  a  contraction 
of  the  small  arteries  and  capillaries,  under  the  stimulus  of  venous  blood, 
cannot  be  legitimately  assigned  as  the  cause  of  the  obstruction,  is  evident 
from  the  consideration  brouglit  to  bear  upon  it  by  the  same  excellent  ex- 
perimenter (§  52 G) ;  namely,  the  suddenness  with  which  the  flow  is  renewed 
on  the  admission  of  oxygen,  as  conti'asted  with  the  slowness  with  which 
arteries  dilate  after  the  removal  of  the  cause  of  their  contraction.* 

57G.  It  cannot  be  necessary  here  to  dwell  upon  the  fact,  that  by  the 
repeated  passage  of  the  same  air  through  the  lungs,  it  may,  though  origi- 
nally pure  and  wholesome,  be  so  strongly  impregnated  with  carbonic  acid, 
and  may  lose  so  much  of  its  oxygen,  as  to  become  utterly  unfit  for  the 
continued  maintenance  of  the  aerating  process;  so  that  the  individual 
who  continues  to  respue  it,  shortly  becomes  asphyxiated.  There  are 
several  well-known  cases,  in  which  the  speedy  death  of  a  number  of 
persons  confined  together  has  resulted  from  neglect  of  the  most  ordinary 
precautions  for  supplying  them  with  air.  That  of  the  "  Black  Hole  of 
Calcutta"  which  occurred  in  1756,  has  acquired  an  unenviable  pre-emi- 
nence, owing  to  the  very  large  proportion  of  the  prisoners,  123  out  of 
146,  who  died  dimng  one  night's  confinement  in  a  room  18  feet  square, 
only  provided  with  two  small  windows ;  and  it  is  a  remai'kable  confirma- 
tion of  the  views  formerly  stated  (§  210),  and  presently  to  be  again 
adverted-to,  that  of  the  23  who  were  found  alive  in  the  morning,  many 
were  subsequently  cut-off"  by  '  putrid  fever.'  Such  catastrophes  have 
occurred  even  in  this  country,  from  time  to  time,  though  usually  upon  a 
smaller  scale ;  there  has  happened  one  at  no  distant  date,  however,  wliich 
rivalled  it  in  magnitude.    On  the  night  of  the  1st  of  December,  1848, 

*  For  a  fuller  discussion  of  the  Pathology  of  Asphyxia,  sec  the  "Cyclop,  of  Anat.  and 
Phys.,"  art.  'Asphyxia,'  by  Prof.  Alison  ;  the  "Library  of  Practical  Medicine,"  vol.  iii.  art. 
'Asphyxia,'  by  the  Author;  the  Experimental  Essay  by  Dr.  J.  Reid,  'On  the  Order  of 
Succession  in  which  the  Vital  Actions  are  arrested  in  Asphyxia,'  in  the  "  Edinb.  Med.  and 
Surg.  Journ.,"  1841,  and  in  his  "Anat.,  Physiol.,  and  Pathol.  Researches;"  and  the  Expe- 
rimental Inquiry  by  Mr.  Erichsen,  in  the  "Edinb.  Med.  and  Sur^jf.  Journ.,"  1045. 
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the  deck-passengei*s  on  boai'd  the  Irish  steamer  Londonderry  were  ordered 
below  by  the  Captain,  on  account  of  the  stormy  character  of  the  weather ; 
and  although  they  were  crowded  into  a  cabin  far  too  small  for  their 
accommodation,  the  hatches  were  closed  down  upon  them.  The  conse- 
quence of  this  was,  that  out  of  150  individuals,  no  fewer  than  70  were 
suifocated  before  the  morning. 

577.  It  cannot  be  too  strongly  impressed  upon  the  Medical  practitioner, 
however,  and  through  him  upon  the  Public  in  general,  that  the  continued 
respiration  of  an  atmosphere  charged  in  a  far  inferior  degree  with  the 
exhalations  from  the  Lungs  and  Skin,  is  among  the  most  potent  of  aU  the 
'  predisjDosing  causes'  of  disease,  and  especially  of  those  zymotic  diseases 
whose  propagation  seems  to  depend  upon  the  presence  of  fermentible 
matter  in  the  blood.  That  such  is  really  the  fact,  will  appear  from 
evidence  to  be  presently  referred-to  j  and  it  is  not  difficidt  to  tind  a  com- 
l^lete  and  satisfactory  explanation  of  it.  For,  as  the  presence  of  even  a 
small  per-centage  of  carbonic  acid  in  the  respired  air,  is  sufficient  to  cause 
a  serious  diminution  in  the  amount  of  carbonic  acid  thrown  off  and  of 
oxygen  absorbed  (§  561),  it  follows  that  those  oxidating  processes  which 
minister  to  the  elimination  of  effete  matter  from  the  systed  must  be 
imperfectly  performed,  and  that  an  accumidation  of  substances  tending 
to  putresence  must  take  place  in  the  blood.  Hence  there  will  probably 
be  a  considerable  increase  in  the  amount  of  such  matters  in  the  pulmo- 
nary and  cutaneous  exhalation;  and  the  unrenewed  air  will  become 
charged,  not  only  with  cai'bonic  acid,  but  also  with  organic  matter  in  a 
state  of  decomposition,  and  will  thus  favour  the  accumulation  of  both 
these  morbific  substances  in  the  blood,  instead  of  effecting  that  constant 
and  complete  removal  of  them,  which  it  is  ©ng  of  the  chief  ends  of  the 
respnatory  process  to  accomplish. — It  has  been  customary  to  consider 
the  consequences  of  imperfect  respfration,  as  exerted  merely  in  pro- 
moting an  accumulation  of  carbonic  acid  in  the  system,  and  in  thus 
depressing  the  vital  powers,  and  rendering  it  prone  to  the  attacks  of 
disease.  But  the  deficiency  of  oxygenation,  and  the  consequent  increase 
of  putrescent  matter  in  the  body,  must  be  admitted  as  at  least  a  concur- 
rent agency ;  and  when  it  is  borne  in  mind  that  the  atmosphere  in  which 
a  number  of  persons  have  been  confined  for  some  time,  becomes  actually 
offensive  to  the  smell  in  consequence  of  the  accumidation  of  such  exhala- 
tions, and  that  this  accumulation  exerts  precisely  the  same  influence  upon 
the  spread  of  zymotic  disease  (as  will  presently  appear)  that  is  affoi'ded  by 
the  diffusion  of  a  sewer-atmosphere  through  the  respii'ed  air,  it  scarcely 
admits  of  reasonable  doubt  that  the  pernicious  effect  of  over-crowding  is 
exerted  yet  more  through  its  tendency  to  j^romote  putrescence  in  the 
system,  than  througli  the  obstruction  it  creates  to  the  due  elimination  of 
carbonic  acid  from  the  blood.  For  it  is  to  be  remembered,  that  Avhilst  the 
complete  oxidation  of  the  effete  matters  will  carry  them  off  by  the  lungs 
in  the  form  of  carbonic  acid  and  water,  leaving  urea  and  other  highly- 
azotized  products  to  pass-off  by  the  kidneys,  an  impevfed  oxidation  will 
only  convert  them  into  those  peculiarly  offensive  products  which  charac- 
terize the  ftecal  excretion  (§  458).* 

_  *  It  is  a  remarkable  confirmation  of  Prof.  Liebig's  analogy  between  tlie  imperfect  oxida- 
tion ot  effete  matters  within  the  body,  and  that  combustion  in  a  lamp  or  furnace  insiinicioiitly 
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578.  Of  tlie  remarkable  tendency  of  the  Respiration  of  an  atmospliere 
chai'ged  witli  the  emanations  of  the  Human  body,  to  favour  the  spread  of 
Zymotic  diseases,  a  few  characteristic  examples  will  now  be  given. — All 
those  who  have  had  the  widest  opportunities  of  studying  the  conditions 
which  predispose  to  the  invasion  of  Cholera,  are  agreed  that  overcrowding 
is  among  the  most  potent  of  these ;  and  the  "  Report  of  the  General 
Board  of  Health"  on  the  late  epidemic,  contains  numerous  cases  in  which 
this  was  most  evident,  of  which  the  two  following  may  be  selected. — In 
the  autumn  of  1849,  a  sudden  and  violent  outbreak  of  Cholera  occurred 
in  the  Workhouse  of  the  town  of  Taunton ;  no  case  of  cholera  having  pTe- 
viously  existed,  and  none  subsequently  presenting  itself,  among  the  inhabi- 
tants of  the  town  in  general,  though  diarrhoea  was  prevalent  to  a  considoi*- 
able  extent.    The  building  was  altogether  badly  constructed,  and  the 
ventilation  deficient;  but  this  was  especially  the  case  with  the  school- 
I'ooms,  there  being  only  about  G8  cubic  feet  of  air  for  each  girl,  and  even 
less  for  the  boys.    On  Nov.  3,  one  of  the  inmates  was  attacked  with  the 
disease;  in  ten  minutes  from  the  time  of  the  seizure,  the  sufferer  passed 
into  a  state  of  hopeless  collapse;  within  the  sjjace  of  forty-eight  hours 
from  the  first  attack,  42  cases  and  19  deaths  took  place;  and  in  the 
course  of  one  week,  GO  of  the  inmates,  or  nearly  22  per  cent  of  the  entire 
number,  were  cai'ried  off,  while  almost  every  one  of  the  survivors  sufiered 
more  or  less  severely  from  cholera  or  diarrhoea.    Among  the  fatal  cases 
wore  those  of  25  girls  and  9  boys ;  and  the  comparative  immunity  of  the 
latter,  notwithstanding  the  yet  more  limited  dimensions  of  their  school- 
room, affords  a  remarkable  confirmation  of  the  general  doctrine  here 
advanced ;  for  we  learn  that,  although  "  good  and  obedient  in  other 
respects,  they  could  not  be  kept  from  breaking  the  windows,"  so  that 
many  of  them  probably  owed  their  lives  to  the  better  ventilation  thus 
established.    Now  in  the  Gaol  of  the  same  town,  in  which,  every  prisoner 
is  allowed  from  819  to  935  cubic  feet  of  air,  and  this  is  continually  being 
renewed  by  an  efficient  system  of  ventilation,  there  was  not  the  slightest 
indication  of  the  epidemic  influence  (Op.  cit.,  pp.  37  and  71). — The  other 
case  to  be  hero  cited,  is  that  of  Millbank  Prison,  in  which  the  good  eftects 
of  the  dimiiuition  of  previous  overcrowding  were  extremely  mai'ked.  In 
the  month  of  July,  1849,  when  the  epidemic  was  becoming  general  and 
severe  in  the  Metropolis  (especially  in  the  low  ill-drained  parts  on  both 
sides  of  the  river,  in  the  midst  of  which  this  prison  is  situated),  the  number 
of  male  prisoners  was  reduced,  by  the  transfer  of  a  large  proportion  of 
them  to  Shornclilf  barracks,  from  1039  to  402;  the  number  of  female 
prisonei's,  on  the  other  hand,  not  only  underwent  no  reduction,  but  was 
augmented  from  120  to  131.    Now  the  general  mortality  of  London, 
which  was  0-9  in  1000  in  June  and  July,  increased  to  4-5  in  1000  in 
August  and  September;  and  the  mortality  among  the  female  prisouera 
underwent  a  similar  increase,  from  8-3  to  53-4  per  1000;  but  the  nior- 
tality  among  the  male  prisoners  exhibited  the  extraordinary  diminution, 
from  23-1  per  1000,  which  was  its  rate  during  June  and  July  when  the 

supplied  with  air,  which  causes  a  deposit  of  soot  and  various  emp^Teuinatic  products,  that  a 
set  of  acids  have  been  found  by  Stiidcler  in  the  urine  of  the  cow,  bearing  a  remarkable 
analogy  to  well-known  products  of  destructive  distillation,  and  one  of  them  actually  identical 
with  tlie  carbolic  acid  previously  known  as  one  of  the  ingredients  of  smoke.  — See  Prof. 
Gregory's  "  Handbook  of  Organic  Chemistry,"  p.  450. 
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prison  was  crowded,  to  9-9  per  1000,  which  was  its  rate  during  August 
and  September  after  the  reduction  had  taken  place  (Op.  cit.,  App.  B., 
p.  67).  It  is  scarcely  possible  to  imagine  a  more  2^'>"obative  case  than  this ; 
since  it  shows,  in  the  first  place,  the  marked  influence  of  the  crowded 
state  of  the  prison  upon  the  fatality  of  the  disease, — the  diminution  of 
mortality  consequent  upon  the  relief  of  the  overcrowding,  notwithstanding 
the  augmented  potency  of  the  epidemic  influence,  as  indicated  by  the 
quintupling  of  the  general  mortality  of  the  Metropolis, — and  the  yet 
greater  increase  of  mortality  among  the  female  prisoners,  which  proved 
tliat  the  diminution  among  the  males  could  not  be  attributed  to  any 
recession  of  the  ej)idemic  influence  from  the  locality. 

579.  The  cholera- experience  of  the  Indian  army  is  fertile  in  examples 
of  the  same  kind,  whose  peculiar  character  makes  them  even  more  re- 
mai'kable.  It  is  to  be  remembered  that  the  normal  amount  of  Respira- 
tion is  much  lower  in  a  hot  than  in  a  temperate  climate  (§  564,  a) ; 
consequently  any  deficiency  of  oxygenation  will  tend  in  a  yet  higher 
degree  to  promote  the  accumulation  of  putrescent  matter  in  the  system, 
and  this  especially  when  there  has  been  any  unusual  source  of  'waste,' 
such  as  that  induced  by  excessive  muscular  exertion. — The  circumstances 
attendant  upon  the  outbreak  of  Cholera,  in  1846,  at  Kurrachee  in  Scinde, 
in  which  feii  per  cent  of  an  army  of  6380  men  were  carried  off,  place  the 
influence  of  these  conditions  in  a  very  striking  point  of  view.  In  order 
that  the  comparison  may  be  fairly  made,  the  data  will  be  taken  only  from 
European  regiments,  similar  to  each  other  in  diet,  clothing,  regimen, 
habits,  and  every  other  conceivable  particular,  save  such  as  will  be  men- 
tioned. Out  of  200  Ofiicers,  there  were  only  3  deaths  from  Cholera 
(only  1  of  these  being  in  an  uncomplicated  .cape),  or  at  the  rate  of  15  per 
lOOU.  The  2nd  Troop  of  Horse  Brigade,  135  strong,  lost  5  men,  or  at 
the  rate  of  37  per  1000.  The  60th  Rifles,  980  strong,  lost  75  men,  or  at 
the  rate  of  76-5  per  1000.  Foiu-  Batteries  of  Artillery,  375  strong,  lost 
37  then,  or  96-6  per  1000.  The  Bombay  Fusiliers,  764  strong,  lost  83 
men,  or  108-6  per  1000.  And  the  86th  Regiment,  1091  strong,  lost 
238  men,  or  218  per  1000.  Among  42  ladies  (wives  and  families  of 
ofiicers),  there  was  not  a  single  case  of  cholera.  But  among  159  soldiers' 
wives,  there  were  23  deaths,  or  144-6  per  1000.  Now  most  of  the 
Officers,  and  all  the  ladies,  were  quartered  in  well-ventilated  apartments; 
and  the  only  predisposing  cause  from  which  the  former  could  be  con- 
sidered as  liable  to  suffer,  was  the  exposure,  in  common  with  the  soldici-s, 
to  the  burning  heat  dming  the  hours  of  drill.  Of  the  9  officers  attacked 
with  cholera,  4  belonged  to  the  Bombay  Fusiliers,  and  had  been  living 
(like  their  men)  in  tents.  The  Horse  Brigade  were  lodged  in  good  bar- 
racks, but  luid  recently  come  off"  a  march  of  1000  miles;  being  movmted, 
however,  they  must  have  suffered  comparatively  little  fatigue  from  this 
The  60th  Rifles  were  quai-tered  in  barracks ;  but  the  ventilation  of  these 
was  very  imperfect,  and  the  men  were  much  crowded.  The  battalions  of 
Artillery  were  quartered  in  good  barracks;  but  three  out  of  the  four  had 
recently  made  the  march  of  1000  miles  on  foot.  The  Bombay  Fusiliers 
were  quartered  in  tents,  whose  accommodation  was  so  limited  that  10  or 
12  men  were  cooped  up  in  a  space  14  feet  square,  with  the  thermometer 
from  96°  to  100°,  without  any  adequate  i)rovision  for  ventilation, 
ihe  86tii  Regiment  was  quartered  in  precisely  the  same  manner;  and 
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had  recently  made  the  march  of  1000  miles  under  very  unfavourable 
cu-cumstances,  besides  having  previously  suffered  from  the  debilitating 
influence  of  severe  service.  The  condition  of  the  soldiers'  wives  as  regards 
their  accommodation  would  be  the  same  as  that  of  their  husbands,  but 
they  woidd  not  be  subjected  to  the  fatigue  and  exposm-e  of  drill;  on  the 
other  hand,  their  fatigue  and  exposure  during  a  march  would  be  scarcely 
infei'ior  to  that  of  the  men ;  and  it  was  among  the  women,  as  among  the 
soldiers,  of  the  86th  Regiment,  that  the  chief  mortality  occurred,  their 
loss  having  been  1  in  G,  or  16G-6  per  1000.  Now  if  we  arrange  these 
several  divisions  in  a  tabular-  form,  we  shall  see  how  very  closely  their 
respective  rates  of  mortality  correspond  with  the  separate  or  concurrent 
influence  of  the  different /acto?"s  here  enumerated. 


Designation. 

Strength. 

Deaths. 

Deaths 
per  1000. 

E-itposure  at 
Drill,  &c. 

Provision 
for  Respiration. 

Previous 
exertion. 

Officers'  Ladies  . 
Officers 

[lorse  Brigade  . 
GOtii  Rifles 
Artillery  • 
Boniliay  Fusiliers 
Soldiers'  Wives  . 
Do.  of  8(ith  Regt. 
8()th  Regiment  . 

42 
200 
13.5 
9«0 
375 
7G4 
159 

1091 

0 
3 
5 
75 
37 
83 
23 

238 

0 

15 

37 

7G-5 

96-6 
108-6 
144-6 
166-6 
218 

Nil 
Ordinary 
Ordinary 
Ordinary 
Ordinary 
Ordinary 

Nil 

Nil 
Ordinary 

Good 
Mostly  good 
Good 
Bad 
Good 
Very  bad 
Mostly  very  bad 
Very  bad 
Very  bad 

Nil. 
Nil  or  slight. 
Moderate. 
Nil. 
Severe. 
Nil. 
Partly  severe. 
Very  severe. 
Very  severe. 

3746 

464 

124 

Thus  we  see  that  the  liighest  rate  of  mortality  presents  itself  where  the 
three  causes  were  in  concurrent  action;  the  absence  of  mortality,  where 
neitlier  of  them  was  in  operation.  The  difference  between  the  mortality 
of  tlie  Bombay  Fusiliers  (108-6  per  1000)  and  that  of  the  86th  Regiment 
(218  per  1000),  which  were  under  precisely  the  same  conditions  as  regards 
exposure  and  ventilation,  showed  the  extraordinai-y  influence  of  previous 
exertion ;  but  that  this  would  not  of  itself  account  for  the  high  rate  of 
mortality  in  the  86th,  is  shown  by  the  smaller  proportion  of  deaths  in  the 
Artillery;  the  influence  of  the  same  march  upon  three  out  of  its  four 
battalions,  having  been  in  a  great  degree  kept  &oym  by  the  adequate  pro- 
vision for  their  respiration,  so  that  their  mortality  was  less  than  that  of 
the  60th  Rifles,  who  had  not  suffered  from  previous  exei-tion,  but  were 
over-crowded  in  ill-ventilated  barracks. — It  is  scarcely  possible  to  imagine 
any  more  satisfactory  proof  of  the  jjreveoitibiliti/  of  a  large  part  of  this 
terrible  mortality,  than  is  afforded  by  the  analysis  of  this  case;*  but  if 
any  confirmation  be  required,  it  is  afforded  by  the  case  of  Bellai-y,  a 
fortress  about  250  miles  north-west  of  Madras.  Although  by  no  means 
unhealthily  situated,  this  station  was  not  free  from  Cholera  for  a  single 
year  between  1818  and  1844;  and  violent  oiitbreaks  took  place  occasion- 
ally, such  as  that  of  1839,  in  which  the  39th  Regiment  was  i-educed  in 
five  months  from  735  men  to  645,  the  number  of  deaths  being  90,  or 
1221  per  1000.    The  barrack-accommodation  in  this  fort  was  extremely 

♦  For  a  fuller  statement  of  it,  see  the  "  Brit,  and  For.  Mcd.-Chir.  Rev.,"  vol.  ii.  pp.  01-89. 
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insufficient;  and  small  as  it  was,  it  was  occasionally  encroach ed-iipon  still 
further  by  the  introduction  of  troops  upon  their  march,  in  addition  to  the 
rcgidar  garrison.  Every  such  occasion  of  overcrowding  was  shortly  fol- 
lowed by  a  large  increase  in  mortality.*  But  since  the  barrack-accom- 
modation has  been  improved,  the  troops  quartered  at  Bellary  have  ceased 
to  suffer  from  cholera  in  any  exceptional  degree,  and  the  ordinary  rate  of 
mortality  has  been  considerably  diminished. 

580.  The  only  condition  of  atmosphere  which  can  be  compared  with 
that  ai'ising  from  overcrowding,  in  its  effect  upon  the  spread  of  Cholera, 
is  that  produced  by  the  diffiision  of  the  effluvia  of  drains,  sewers,  slaughter- 
houses, manure-manufactories,  &c.,  which  correspond  closely  in  their 
nature  and  effects  with  the  putrescent  emanations  from  the  living  human 
body.    So  remarkably  was  the  localization  of  the  disease  connected  with 
this  condition,  that  the  knowledge  of  the  existence  of  the  latter  rendered 
it  quite  safe  to  predict  the  former  ;  such  predictions  being  scarcely  ever 
fiilsified  by  the  result. — As  a  characteristic  illustration  of  the  operation  of 
this  cause,  the  outbreak  of  Cholera  at  Albion  Terrace,  Wandsworth-road, 
may  be  specially  referred  to.    This  place  consisted  of  17  houses,  having 
the  appearance  of  commodious  comfortable  dwellings  ;  the  population 
does  not  seem  to  have  averaged  more  than  7  individuals  per  house,  so 
that  there  was  no  overcrowding;  yet  out  of  the  total  119  or  120,  no 
fewer  than  42  persons  were  attacked  with  cholera,  of  whom  30  (or  25  per 
cent.)  died.    It  was  not  difficult  to  account  for  this  fearful  result,  when 
the  circumstances  of  the  case  were  inquired  into.    About  200  yards  in 
the  rear  of  the  terrace  was  an  open  sewer,  whose  effluvia  were  most 
offensive  at  the  backs  of  these  houses,  whenever  the  wind  wafted  them  in 
that  direction;  and  the  drainage  of  the  ho«ses  themselves  was  so  bad, 
that  a  stench  was  continually  perceived  to  arise  from  different  parts  of 
the  kitchen  floor,  and  more  especially  from  the  back-kitchen.  Moreover, 
in  the  house  in  which  the  first  case  of  cholera  occurred,  there  was  an 
enormous  accumulation  of  most  offensive  rubbish,  exhaling  a  putrid  efflu- 
vium.   And  there  was  also  reason  to  believe  that  the  water  supplied  to 
some  of  the  houses  accidentally  became  contaminated  with  the  contents 
of  a  sewer  and  cess-pool. t — The  accumulation  of  night-soil  and  other 
rubbish  in  a  triangular  space  of  about  three  acres  in  Witham,  a  suburb  of 
Hull,  had  been  represented  to  the  local  authorities  as  almost  certain  to 
mduce  a  severe  outbreak  of  cholera  in  the  neighbourhood;  the  prediction 
was  disregarded ;  but  it  was  most  fearfully  verified  by  the  occurrence  of 
no  fewer  than  91  deaths  in  its  immediate  neighbourhood. J — Numerous 
examples  of  the  same  kind  might  be  cited ;  but  the  following  shows  the 
efficacy  of  preventive  measures.    The  Coldbath-fields  House  of  Correction, 
situtitcd  in  the  neighbourhood  of  some  of  the  most  overcrowded  and  ill- 
drained  parts  of  the  metropolis,  had  suffered  severely  from  Cholera  in  the 
epidemic  of  1832-3;  for  out  of  1148  prisoners,  207  were  attacked  with 
cholera,  of  whom  45  died,  and  319  more  suffered  from  diarrhoea.  At 
that  time,  however,  it  was  discovered  that  the  whole  drainage  of  the  prison 
was  in  a  most  defective  state,  and  steps  were  taken  to  have  it  completely 

,„*  y^-'c  Mr.  Rogers's  "Report  on  Atiiatic  Cholera  in  Regiments  of  the  Madras  Armv,  from 
1 822  to  UI44." 

t'  "  Ilcport  of  the  General  Roard  of  Healtli  on  the  Epidemic  Cholera  of  1H48-9,"  p  r,\ 
t  Op.  tit.,  p.  4r>.  ' 
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and  effectually  renewed;  at  the  same  time  the  diet  was  somewhat  im- 
proved, and  more  attention  paid  to  temperature  and  ventilation.  In  the 
epidemic  of  1848-9,  with  1100  prisoners,  there  was  not  a  single  case  of 
cholera  in  this  prison,  although  the  disease  was  raging  in  its  vicinity; 
and  the  cases  of  diarrhoea  were  few  in  number,  and  were  mild  in  their 
character.* 

581.  Now  although  the  Cholera-epidemics  have  been  here  referred-to, 
as  affording  the  most  remarkable  examples  of  the  influence  of  a  contami- 
nated atmosphere  in  predisposing  the  individuals  habitually  living  in  it 
to  the  invasion  of  Zymotic  disease,  yet  the  evidence  is  not  less  strong  in 
regard  to  the  uniform  prevalence  of  ordinar}'  Fevers,  &c.,  in  the  same 
localities ;  the  places  in  which  Cholera  was  the  most  severe  having  been 
almost  invariably  known  as  'fever-nests'  at  other  periods,  and  being  dis- 
tinguished by  a  very  high  rate  of  mortality.  Thus  the  average  age  of  all 
persons  who  die  in  Witham  is  only  18  years;  whilst  the  average  age  at 
death  in  the  town  of  Hull  (itself  distinguished  by  an  unusual  brevity  of 
life)  is  23  yeai's. — In  the  *  Potteries'  at  Kensington,  a  locality  in  which 
filth  and  overcrowding  prevail  to  an  almost  unequalled  degi'ee,  the  mor- 
tality for  three  years  jireviously  to  the  invasion  of  cholera  had  been  such, 
that  the  average  age  at  death  was  ouly  11  yrs.  7  mo. ;  and  in  the  first  10 
months  of  1849,  out  of  a  population  of  about  1000,  there  were  50  deaths, 
of  which  21  were  from  cholera  and  diarrhoea,  and  29  from  tjqjhus  fever 
and  other  diseases.  It  is  illustrative  of  the  common  points  between  cholera 
and  other  zymotic  diseases,  that  the  former  appeared  there  not  only  in 
the  same  streets  and  in  the  same  houses,  but  even  in  the  same  rooms,  which 
had  been  again  and  again  visited  by  typhus;  and  there  were  several 
tenants  of  such  rooms  who  recovered  from  fever  in  the  spring,  to  fall 
victims  to  cholera  in  the  summer.  Subsequently  to  this  ej)idemic,  the 
average  age  at  death  has  been  further  reduced,  by  an  increase  of  infantile 
mortality,  to  as  low  as  10  years. — By  way  of  contrast  it  may  be  stated 
that  in  one  of  the  "  Model  Lodging-Houses,"  containing  about  550  in- 
mates, among  whom  was  an  unusually  lai'ge  proportion  of  children,  the 
rate  of  mortality  during  the  three  years  ending  May,  1851  (including  the 
whole  period  of  the  cholera-epidemic),  was  scarcely  more  than  20  in  1000; 
the  proportion  of  deaths  under  ten  years  of  age  was  only  half  that  of  the 
metropolis  in  general ;  there  was  not  a  single  attack  of  cholera,  and  there 
were  only  a  few  cases  of  choleraic  diarrhoea,  although  the  disease  was 
raging  in  the  immediate  vicinity;  and  from  the  time  that  the  sewerage 
had  been  put  into  complete  order,  typhus  fever  had  entu-ely  disappeared, 
a  few  cases  having  occuiTcd  soon  after  the  opening  of  the  buildings,  which 
were  distinctly  traceable  to  a  defect  in  the  drainage,  t — The  following  case 
may  be  added,  in  proof  of  the  potency  of  an  atmosphere  charged  with 
putrescent  emanations,  in  rendering  the  system  liable  to  the  attacks  of  Zy- 
motic diseases  of  varioiis  kinds.  A  manufactory  of  artificial  manure  formerly 
existed  immediately  opposite  Christchurch  workhouse,  Spitalfields,  which 
building  was  occupied  by  about  400  children,  with  a  few  adult  paupers. 
Whenever  the  works  were  actively  carried  on,  parti ciJarly  when  the  wind 

•  Op.  cit.,  App.  B,  p.  68. 

f  "  Report  on  Cholera,"  App.  b,  pp.  48  and  77  ;  and  Mr.  Grainger's  subsequent  "Report 
on  the  present  state  of  certain  parts  of  the  Metropolis,  and  on  the  Model  Lodging-IIouses  of 
London,"  pp.  29,  36. 
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blew  ill  the  direction  of  the  house,  there  were  produced  numerous  cases 
of  fever,  of  an  intractable  and  typhoid  form;  a  typhoid  tendency  was 
also  observed  in  measles,  small-pox,  and  other  infantile  diseases,  and  for 
some  time  there  prevailed  a  most  unmanageable  and  fatal  form  of  aphthte 
of  the  mouth,  ending  in  gangrene.    From  this  last  cause  alone,  12  deaths 
took  place  among  the  infants  in  one  quarter.    In  the  month  of  Decem- 
ber, 1848,  when  cholera  had  already  occurred  in  the  neighbourhood,  60 
of  the  children  in  the  workhouse  were  suddenly  seized  with  violent  diar- 
rhoea in  the  early  morning.    The  proprietor  was  compelled  to  close  his 
establishment,  and  the  children  returned  to  then*  ordinary  health.  Five 
months  afterwards,  the  works  were  recommenced ;  in  a  day  or  two  subse- 
quently, the  wind  blowing  from  the  manufactory,  a  most  powerfid  stench 
1  peiTaded  the  building.  In  the  night  following,  45  of  the  boys,  whose  dor- 
:  mitories  directly  faced  the  manufactory,  were  again  suddenly  seized  with 
^  severe  diarrhoea ;  whilst  the  girls,  whose  dormitories  were  in  a  more  distant 
,  pai^t,  and  faced  in  another  direction,  escaped.    The  manufactory  having 
i  been  again  suppressed,  there  was  no  subsequent  retm'n  of  diarrhoea.* 

582.  It  may  not  be  amiss  to  add  a  few  examples  drawn  from  the  ex- 
perience which  our  Indian  possessions  have  afforded,  of  the  influence  of  an 
iusufficient  supply  of  pm'e  air  upon  the  ordinary  mortality  in  our  army 
and  among  the  people  under  our  control. — There  are  various  military 
tations  which  have  lain  under  a  most  ill-deserved  repute  for  unhealthi- 
iiess,  in  consequence  of  the  very  imperfect  barrack-accommodation  af- 
f">rded  to  the  troops  quartered  in  them.    Thus  at  Secunderabad,  in  the 
hidi-as  command,  the  average  annual  mortality  for  the  fifteen  years  pre- 
vious to  1846-7  was  75  per  1000 ;  this  being  nearly  double  the  average  of 
the  whole  presidency,  and  moir.  than  double  that,  of  the  remainder  of  the 
-tations.    Now  the  complaints  made  year  after  year,  by  the  medical 
fficers  of  the  troops  which  have  been  successively  quiu-tered  at  this  sta- 
tion, leave  no  room  for  doubt  as  to  the  chief  cause  of  this  excess ;  for  the 
regiments  of  the  line  quartered  at  Secunderabad  have  been  always 
■rowded  in  barracks  quite  insufficient  for  tlieir  accommodation,  one-third 
f  the  men  having  been  obliged  to  sleep  in  the  verandahs,  and  the 
lemainder  getting  by  no  means  a  due  allowance  of  fresh  air;  whilst,  on 
tlie  other  hand,  the  officers  of  these  very  regiments,  who  are  better  accom- 
modated, and  the  detachment  of  artillery  quartered  in  more  roomy 
'laiTacks  at  no  great  distance,  have  never  participated  in  this  unusual 
mortality,  thereby  clearly  showing  the  absence  of  any  special  causes  of 
'Hsease  at  this  station,  which  might  not  be  easily  removed. t  —  The 
l>an-ackpore  station,  in  the  Bengal  command,  is  even  worse  than  the 
foregoing,  for  every  regiment  quartered  there  seems  to  suffer  an  almost 

•  "  Report  on  Cholera,"  p.  42. 

t  It  is  a  remarkable  coufinnation  of  the  view  formerly  stated  {§  411),  as  to  the  tendency 
*  the  habitual  use  of  Alcoholic  liquors  to  induce  a  '  fermentible'  condition  of  the  blood,  by 
jstructing  the  elimination  of  effete  matters  by  the  respiratory  process  {§  564,  i),  that  when 
tlie  84th  Kegt.,  which  is  distinguished  for  its  sobriety,  was  quartered  at  Secunderabad  in 
'|i47-8,  it  lost  only  .30  men  out  of  1139,  or  34-2  per  1000,  the  average  morUdity  of  tlie 
"ihor  stations  in  the  Presidency  being  about  the  same  as  usual.    On  the  other  hand,  the 
•ird  Regt.,  which  was  far  from  deserving  a  reputation  for  temperance,  had  lost  73  men 
iirmg  the  first  nine  months  of  the  preceding  year,  or  at  the  rate  of  Tti'li  per  1000  during 
'j'e  eniiri!  yuar. — All  the  facts  here  stated  in  regard  to  Secunderabad,  have  been  obtamed  by 
'In;  Author  direct  from  tlio  Army  Medical  Returns. 
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complete  decimation  annually.  Yet  there  is  ample  evidence  that  here 
also  the  chief  fault  lies  in  the  barrack-accommodation. — But  one  of  the 
most  terrible  instances  of  the  continuance  of  a  high  rate  of  mortality,  which 
is  almost  entirely  attributable  to  an  insufficient  supply  of  air,  is  that  which 
is  furnished  by  the  Gaols  under  British  control  in  India.  In  these  are 
usually  confined  no  fewer  than  40,000  prisoners,  chiefly  natives;  and  the 
average  annual  mortality  of  the  whole  was  recently  1 0  per  cent,  rising  in 
some  cases  to  26  per  cent,  or  more  than  one  in  four.  This  is  easily 
accounted-for,  when  it  is  known  that  in  no  case  is  there  an  allowance  of 
more  than  300  cubic  feet  of  air-space  for  each  individual,  whilst  in  some 
instances  70  cubic  feet  is  the  miserable  average  !  * 

583.  One  moi-e  set  of  cases  will  be  cited,  as  showing  the  marked  effect 
of  the  habitual  respiration  of  a  contaminated  atmosphei'e,  not  merely  in 
engendering  a  liatjilitj'^  to  zymotic  disease,  but  in  directly  producing  a 
special  form  of  infantile  disease,  of  the  most  fearful  nature. — 'The  dwell- 
ings of  the  great  bulk  of  the  population  of  Iceland  seem  as  if  constructed 
for  the  express  purpose  of  poisoning  the  air  which  they  contain.  Tliey 
are  small  and  low,  without  any  direct  provision  for  ventilation,  the  door 
serving  alike  as  window  and  chimney ;  the  walls  and  roof  let-in  the  rain, 
which  the  floor,  chiefly  composed  of  hardened  sheep-dung,  sucks  up ;  the 
same  room  generally  serves  for  all  the  uses  of  the  whole  family,  and  not 
only  for  the  human  part  of  it,  but  frequently  also  for  the  sheep,  which 
ai'e  thus  housed  during  the  severer  part  of  the  winter.    The  fuel  employed 
in  the  country  districts  chiefly  consists  of  cow-dung  and  sheep-dung, 
caked  and  dried ;  and  near  the  sea-coast,  of  the  bones  and  refuse  of  fish 
and  sea-fowl ;  producing  a  stench,  which,  to  those  unaccustomed  to  it,  is 
completely  insupportable.    In  addition  to  this,  it  may  be  mentioned  that 
the  people  are  noted  for  their  extreme  want  of  personal  cleanliness;  the 
same  garments  (chiefly  of  black  flannel)  being  worn  for  months  without 
being  even  taken  off  at  night.    Such  an  assemblage  of  unfavourable  con- 
ditions, combined  with  the  cold  damjD  nature  of  the  climate,  might  have 
been  expected  to  induce  tubercular  diseases  of  various  kinds ;  but  from 
these  the  Icelanders  appear  to  enjoy  a  special  exemption  (§  404,  in.). 
Syphilis,  also,  is  wanting,  or  nearly  so;  and  yet,  notwithstanding  that 
the  number  of  births  is  fully  equal  to  the  usual  average,  the  population  is 
stationaiy,  and  in  some  parts  actually  diminishing.    This  is  partly  due 
to  the  extent  and  fatality  of  the  epidemic  diseases,  of  which  some  one  or 
other  spreads  tln-ough  the  island  nearly  every  year;  but  it  is  chiefly  owing 
to  the  extraordinary  mortality  of  inf^^nts  from  Trismus  nascentitcm,  which 
carries  off  a  large  proportion  of  them  between  the  fifth  and  the  twelfth 
days  after  their  birth.    It  is  in  the  little  island  of  Westmannoe  and  the 
opposite  parts  of  the  coast  of  Iceland,  where  the  bird-fuel  is  used  all  the 
yeai-  round,  instead  of  (as  elsewhere)  during  a  few  months  only,  that  this 
disease  is  most  fatal;  the  average  mortality,  for  the  last  twenty  years, 
during  the  first  twelve  days  of  infantile  life,  being  no  less  than  64  per 
cent,  or  nearly  two  out  of  three.f — Now  it  is  not  a  little  remarkable  that 
the  very  same  disease  should  have  prevailed,  under  conditions  almost 

*  Dr.  Miickinnon's  "Treatise  on  the  Public  Health,  &c.,  of  Bengal,"  Cawiipore,  1848, 
cliiip.  1.  ^ 

t  See  "  Island  undcrsiigt  fra  Iregevidenskaheligt  Synspunct."  Af  P.  A.  Sclileisncr,  JM.i'- 
—  Copenhagen,  1849. 
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identically  the  same,  in  the  island  of  St.  Kilda,  one  of  the  Western 
Hebrides;  the  state  of  which  was  made  known  by  Mr.  Maclean,  who 
visited  it  in  1838.    The  population  of  this  island,  too,  was  diminishing 
rjither  than  increasing,  in  consequence  of  the  enormous  infantile  mor- 
talitv;  four  out  of  every  five  dying,  from  Trismus  nascentium,  between  the 
:  eighth  and  twelfth  days  of  their  existence.    The  great  if  not  the  only 
Mcause  of  this  mortality,  was  the  contamination  of  the  atmosphere  by  the 
filth  amidst  which  the  people  lived.    Their  huts,  like  those  of  the  Ice- 
landers, were  small,  low-roofed,  and  without  windows;  and  were  used 
durino-  the  winter  as  stores  for  the  collection  of  manure,  which  was  care- 
fully  laid-out  upon  the  floor,  and  trodden  under  foot  to  the  depth  of 
(.several  feet.    On  the  other  hand,  the  clergyman,  who  lived  exactly  as  did 
those  around  him,  except  as  to  the  condition  of  his  house,  had  brought  up 
:i  family  of  four  children  in  perfect  health ;  whereas,  according  to  the 
average  mortality  ai'ound  him,  at  least  three  out  of  the  four  would  have 
Kbeen  dead  within  the  first  fortnight. — Of  the  degree  in  which  this  fearful 
disease  is  dependent  upon  impurity  of  the  atmosphere,  and  is  preventible 
by  adequate  ventilation,  abundant  proof  is  afforded  by  the  experience  of 
;  Hospitals  and  Workhouses  in  om*  own  country.    Thus  in  the  Dublin 
Lying-in  Hospital,  up  to  the  year  1782,  the  mortality  within  the  first 
rortnight,  almost  entirely  from  Tiismus  nascentium,  was  1  in  every  6 
!  3hildi-en  bom.    The  adoption,  under  the  direction  of  Dr.  Joseph  Clarke, 
of  an  improved  system  of  ventilation,  reduced  the  proportion  of  deaths 
a'om  this  cause  to  1  in  19^.    And  further  improvements  in  ventilation, 
.vith  increased  attention  to  cleanliness,  during  the  seven  years  in  which 
*  Or.  Collins  was  Master  of  this  Institution,  reduced  the  number  of  deaths 
■■'rem  this  disease  to  no  more  than  tliree  or  four.yearly.* — A  similar  ame- 
i  ioration  took  place  about  a  century  ago,  in  the  condition  of  the  London 
I  vVorkhouses,  in  which  23  out  of  24  infants  had  previously  died  within 
(■.he  first  yeai-,  and  a  large  proportion  of  these  within  the  first  month ;  for 
t>  iwing  to  a  parliamentary  inquiry  which  was  called  forth  by  this  fearful 
;.tate  of  things,  the  proportion  of  deaths  was  speedily  reduced  (chiefly  by 
mprovement  in  ventilation)  from  2600  to  450  annually. 

584.  Thus  it  appears  that  in  all  climates,  and  under  all  conditions  of 
:'ife,  the  purity  of  the  atmosphere  habitually  respired  is  essential  to  the 
naintenance  of  that  power  of  resisting  disease,  which,  even  more  than  the 
.  iabitual  state  of  health,  is  a  measure  of  the  real  vigour  of  the  system, 
^^or,  owing  to  the  extraordinaiy  capability  which  the  human  body  possesses 
>f  accommodating  itself  to  circumstances,  it  not  unfrequeutly  happens 
shat  individuals  continue  for  years  to  breathe  a  most  unwholesome  atmo- 
sphere, without  ai)parently  suffering  fi-om  it;  and  thus,  when  they  at  last 
^Juccnmb  to  some  Epidemic  disease,  their  death  is  attributed  solely  to  the 
scatter;  the  previous  preparation  of  their  bodies  for  the  reception  and 
development  of  the  zymotic  poison,  being  altogether  overlooked.  It  is 
'inpossil)le,  however,  for  any  one  who  carefully  examines  the  evidence,  to 
rtesitate  for  a  moment  in  the  conclusion,  that  the  fatality  of  epidemics  is 
itlmoat  invariably  in  precise  proportion  to  the  degi'cc  in  which  an  impure 
K-tmosphcre  has  been  habitually  respired;  that  an  atmosphere  loaded  with 
Outrescent  miasmata  may  afford  a  nidus  wherein  a  zymotic  poison  under- 

*  See  Dr.  CoUins's  "  Practiciil  TreatiBC  on  Midwifery,"  p.  oVi. 
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goes  a  marked  increase  in  quantity  and  intensity,  the  pTitrescent  exhala- 
tions from  the  lungs  and  skin  of  the  living  sxibject  being  at  least  as 
effectual  in  furnishing  such  a  'nidus,'  as  are  the  emanations  from  ftecal 
discharges  or  from  other  decomposing  matters;  that  the  habitual  rcspirar 
tion  of  such  an  atmosphere  tends  to  induce  a  condition  of  the  blood, 
which  renders  it  peculiai'ly  susceptible  of  perversion  by  the  introduction 
of  zymotic  poisons,  and  wliich  favours  their  multiplication  within  the 
system ;  *  and  lastly,  that  by  due  attention  to  the  various  means  of  pro- 
moting atmospheric  pxu-ity,  and  especially  to  efficient  ventilation  and 
sewerage,  the  rate  of  mortality  may  be  enormously  decreased,  the  amount 
and  severity  of  sickness  lowered  in  at  least  an  equal  proportion,  and  the 
fiitality  of  epidemics  almost  completely  annihilated.  And  it  cannot  be 
too  strongly  borne  in  mind,  that  the  efficacy  of  such  2ireventive  measures 
has  boon  most  fully  substantiated,  in  regard  to  many  of  the  very  diseases 
in  which  the  curative  power  of  Medical  treatment  has  seemed  most 
doubtful;  as,  for  example,  iu  Cholera  and  Malignant  Fevers. 


CHAPTER  XI. 


OF  NUTRITION. 


1. — General  Considerations. — Formative  Power  of  Individiml  Parts. 

585.  The  function  of  Nutrition,  considered  in  the  widest  acceptation 
of  the  term,  includes  the  whole  series  of  operations,  by  which  the  alimen- 
tary materials, — prepared  by  the  Digestive  process,  introduced  into  the 
system  by  Absorption,  and  carried  into  its  penetralia  by  the  Circulation, 
— {Xi'c  converted  into  Organized  tissue ;  but  in  a  more  limited  sense  it  may 
be  luiderstood  as  referring  to  the  last  of  these  operations  only,  that  of 
Histogenesis  or  tissue-formation,  to  which  all  the  other  organic  functions, 
in  so  far  as  they  are  concerned  in  maintaining  the  life  of  the  individual, 
are  subservient,  by  preparing  and  keeping  in  the  requisite  state  of  purity 
the  materials  at  the  expense  of  which  it  takes  place.  It  has  been  shown 
in  the  earlier  portion  of  this  volume,  that  every  integral  part  of  the  living 
body  possesses  a  certain  capacity  for  growth  and  development,  in  viitue 
of  which  it  passes  thi-ough  a  series  of  successive  phases,  imder  the  in- 
fluence of  the  steady  heat,  which  in  the  wai-m-blooded  animal  is  constantly 
acting  upon  it  (chap,  hi.,  sect.  1,  2) ;  this  capacity  being  an  endowment 
which  it  derives  by  direct  descent  from  the  original  germ,  but  undergoing 
a  gradual  diminution  with  the  advance  of  life,  until  the  power  of  iiuvm- 
tenance  is  no  longer  adequate  to  antagonize  the  forces  that  tend  to  the 
disintegration  of  the  system  (chap,  hi.,  sect.  3).    It  has  been  also  sliown, 

•  A  careful  consideration  of  the  very  satisfactory  evidence  which  has  been  of  late  years 
collected  on  this  point,  must  (in  the  Autlior's  opinion)  satisfy  any  compdcnl  and  uirprrjudtcea 
inquirer,  that  Endemic  Fevers,  originating  in  local  causes  (marsh  miasmata  and  the  like;, 
and  affecting  those  only  who  are  exposed  to  such  causes,  may  find,  by  the  crowding-together 
of  infected  subjects, a  »ijc/?*s  for  development  within  the  Human  system;  so  that  these  disease^ 
then  become  communicable  by  human  intercourse,  although  not  so  originally.— For  "l'^^^'?' 
sion  of  this  subject,  see  the  Articles  on  '  Yellow  Fever '  iu  the  "  Brit,  and  For.  Med.-CUir. 
Rev.,  vols.  i.  and  iv. 
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[  that  notwithstanding  the  diversities  in  the  structure  and  composition  of 
lithe  several  tissues,  the  Blood  supplies  the  materials  which  each  requires; 
L  every  tissue  possessing  (so  to  speak)  an  elective  affinity  for  some  parti- 
i  cular  constituents  of  that  fluid,  in  virtue  of  which  it  abstracts  them  from 
it,  and  appropriates  them  to  its  own  uses. — But  it  has  been  shown,  on  the 
other  hand,  that  the  'formative  capacity'  does  not  exist  in  the  tissues 
i.  alone,  but  is  shared  by  the  Blood,  which  must  itself  be  regarded  as  de- 
;  riving  it  from  the  original  germ ;  for  there  are  certain  simple  kinds  of 
-.  tissue,  which  seem  to  take  their  origin  directly  in  its  plastic  components 
(§§  26 — 29).    Of  others  which  cannot  be  said  thus  to  originate  in  the 
blood,  the  development  is  entirely  detennined  by  the  quantity  of  their 
'  special  ^rtiM^rt  which  it  may  contain  (§  120).    And  even  of  those  tissues 
■  which  must  be  considered  as  most  independent  and  self-sustaining,  the 
^  development  is  not  only  checked  by  the  want  of  a  due  supply  of  their 
.  appropriate  materials,  but  it  is  modified  in  a  very  remarkable  degree  by 
[  the  presence  of  abnormal  substances  in  the  blood,  which  single-out  par- 
ticular  parts,  and  effect  determinate  alterations  in  their  nutrition,  in  such 
1  a  constant  manner  as  to  show  the  existence  of  a  peculiar  'elective  afiinity' 
'between  them  (§  201). — In  so  far,  then,  as  the  process  of  Nutrition  is 
i  dependent  upon  the  due  supply  and  normal  state  of  the  Blood,  its  con- 
i  ditions  have  been  already  sufficiently  discussed ;  and  we  have  now  only  to 
•  consider  it  in  its  relations  to  the  Tissues. 

586.  The  demand  for  Nutrition  primarily  ai'ises  fi-om  the  tendency  of 
!  the  organism  to  simple  increase  or  growth.  Of  this  we  have  the  most  cha- 
;racteristic  illustration  in  the  multiplication  of  the  first  embryonic  cell,  by 
Ithe  simple  process  of  'duplicative  subdivision'  (§  104);  whereby  a  multi- 
t  tude  of  cells  is  produced,  every  one  of  which  ,is  similar  in  all  essential 
';particidars  to  the  original.  But  after  the  different  parts  of  this  homo- 
:!geneous  embryonic  mass  have  taken  upon  themselves  their  respective 
I  modes  of  development,  so  as  to  generate  a  diversity  of  tissues  and  organs, 
;3ach  one  of  these  continues  to  increase  after  its  own  plan;  and  thus  the 

1  child  becomes  the  adult,  with  comparatively  little  change  but  that  of 
'growth.    An  excess  of  gi-owth,  taking  place  conformably  to  the  normal 
'  plan  of  the  tissue  or  organ,  constitutes  Uypertroiohy ;  whilst  a  diminution, 
without  degeneration  or  alteration  of  structure,  is  that  which  is  properly 
i distinguished  as  Atrophy. — But  Growth  is  not  confined  to  the  period  of 
increase  of  the  body  generally ;  for  it  may  manifest  itself  in  particular 
'  Organs  or  tissues,  as  a  normal  operation,  at  any  subsequent  part  of  life. 
Thus  when  there  is  an  extraordinary  demand  for  the  functional  activity  of 
a  particular'  set  of  Muscles,  it  is  supplied  by  an  increase  in  the  amount  of 
their  contractile  tissue  (§  312)  j  or  if  one  of  the  Kidneys  be  disabled  from 
t  performing  its  office,  the  other  may  be  rendered  capable  of  fulfilling  it,  by 
an  augmented  production  of  its  own  secretory  tissue ;  or  if  there  be  an 
lexcess  of  fatty  matters  in  the  blood,  they  may  be  eliminated  by  an  aug- 
••nieutation  of  the  Adipose  tissue  throughout  the  body. — And  further,  even 
Iwhere  there  is  no  such  manifestation  of  increase,  there  is  really  a  eon- 
uual  growth  in  all  the  tissues  actively  concerned  in  the  vital  operations, 
id  this  even  to  the  very  end  of  life;  although  it  may  be  so  far  couii- 
I'balanced,  or  even  surpassed,  by  changes  of  an  opposite  kind,  that 
iistcad  of  augmentation  in  bulk,  there  is  absolute  diminution. 

587.  The  evolution  of  the  complete  organism  from  its  germ,  however. 
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does  not  consist  in  mere  growtli ;  for  by  such  a  process  nothing  would  be 
produced  but  an  enormous  aggregation  of  simple  cells,  possessing  little  or 
no  mutual  dependence,  like  those  which  constitute  the  shapeless  masses 
of  the  lowest  Algae.  In  addition  to  increase,  there  must  be  development, 
that  is,  a  passage  to  a  higher  condition,  both  of  fonn  and  structure,  so 
that  the  part  in  which  this  change  takes  place  becomes  fitted  for  some 
special  function,  and  is  advanced  towards  the  state  in  which  it  exists  in 
the  highest  or  most  completed  form  of  its  specific  type.  Thus  the  de- 
velopment of  tissue  consists  in  the  change  from  a  simple  mass  of  cells  or 
fibres  into  any  other  form;  as  in  the  production  of  dentine  from  the 
cellular  substance  of  the  tooth-pulp  (§  279),  or  in  the  formation  of  bone 
in  the  sub-periosteal  membrane  (§  2G7).  So,  again,  the  developmeutal 
change  is  seen  in  the  passage  of  an  entire  organ  from  a  lower  to  a  higher 
condition,  by  the  evolution  of  new  parts,  or  by  a  change  in  the  relations  of 
those  already  existing,  even  though  the  change  in  its  texture  shoidd  con- 
sist of  little  else  than  of  simple  increase ;  thus  in  the  development  of  the 
heart,  we  the  original  single  cavity  subdived,  first  into  two,  and  at 

last  into  four  chambers ;  and  in  the  development  of  the  brain  we  find  the 
sensory  ganglia  to  be  the  parts  first  formed,  the  anterior  lobes  of  the  cere- 
brum to  be  evolved  (as  it  were)  from  these,  the  middle  lobes  sprouting- 
f(.)rth  from  the  back  of  the  anterior,  and  the  posterior  from  the  back  of 
the  middle;  yet  with  all  this,  there  is  no  production  of  any  new  kind  of 
tissue,  the  new  parts  being  generated  at  the  expense  of  histological  com- 
ponents identical  with  those  of  the  pre-existing. — Now  it  is  in  the  early 
period  of  embryonic  life,  that  the  develojwiental  process  is  most  remark- 
ably displayed;  for  it  is  then  that  we  see  that  transformation  of  the 
primordial  cells  into  tissues  of  various  kinds,  which  originates  a  special 
niseis  in  each  part,  whereby  the  production  of  the  same  tissue  in  con- 
tinuity with  that  first-formed,  comes  to  be  a  simiDle  act  of  growth ;  and 
it  is  then  also  that  we  observe  that  marking-out  of  all  the  principal 
oi'gans,  by  the  development  of  tissue  in  particular  directions,  which  makes 
all  subsequent  evolution  but  a  completion  or  filling-up  of  the  plan  thus 
sketched-oiit.  Thus  during  the  first  few  days  of  incubation  in  the  Chick, 
the  foundation  is  laid  of  the  vertebral  column,  the  nervous  centres,  the 
organs  of  sense,  the  heart  and  circulating  system,  the  alimentary  canal, 
the  respiratory  apparatus,  the  liver,  the  kidneys,  and  of  many  other  parts ; 
and  at  the  termination  of  that  period,  the  chick  emerges  in  such  a  state  of 
completeness  of  development,  that  little  else  than  increase  is  wanting,  save 
in  the  phimage  and  sexual  organs,  to  raise  it  to  its  perfect  t}^)^  The 
same  may  be  said  of  the  Human  organism ;  save  that  the  period  of  its 
development  is  relatively  longer,  in  accordance  with  the  higher  grade 
which  it  is  ultimately  to  attain ;  its  earliest  stages  being  passed-through, 
however,  with  extraordinary  rapidity.  The  completer  evolution  of  the 
generative  organs,  of  the  osseous  skeleton,  and  of  the  teeth,  constitute  the 
])rincipal  developmental  changes  which  the  Human  organism  imdergoes 
in  its  progress  from  the  infantile  to  the  adult  condition ;  almost  every- 
other  alteration  consisting  in  simple  increase  of  its  several  component 
tissues  and  organs,  without  any  essential  change  in  their  form  or  struc- 
ture. And  when  the  adult  type  has  been  once  completely  attained,  every 
subsequent  change  is  one  rather  of  degeneration  than  of  development,  of 
retrogression  rather  than  of  advance. 
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588.  The  difference  between  the  two'  processes  of  Growth  and  Deve- 
lopment is  most  characteristically  shown  in  those  cases,  in  which  there  is 

i  a  partial  or  complete  arrest  of  one  of  them,  without  any  corresponding 
impiiirment  of  the  other.  Thus  a  dwarf,  however  small  in  stature,  may 
present  a  perfect  development  of  every  part  that  is  characteristic  of  the 
complete  human  organism ;  the  deficiency  being  solely  in  the  capacity  for 

;■  growth.    On  the  other  hand,  the  usual  size  at  birth  may  be  attained,  and 

.  every  organ  may  present  its  ordinary  dimensions,  and  yet  some  im- 
portant pai't  may  be  found  in  a  condition  of  arrested  develo'pment ;  thus 
the  heart  may  consist  of  but  a  single  cavit}'^,  or  the  interventricular  or 

■  interaimculai-  septa  may  be  incomplete,  so  that  it  has  not  passed  beyond 
the  grade  of  development  which  it  had  attained  at  an  early  period  of 

i  embryonic  life,  although  its  growth  may  have  continued;  or  the  brain 
may  in  like  manner  exhibit  a  deficiency  of  the  posterior  lobes,  or  of  the 

I  corpus  callosum,  or  of  some  other  part  whose  formation  normally  takes 

i  place  in  the  latter  months  of  intra-uterine  life,  although  the  parts  already 
produced  may  have  continued  to  grow  at  their  usual  rate. — Numerous 
.  instances  of  the  same  kind  might  be  cited,  but  these  must  suffice. 

589.  The  demand  for  Nutrition  arises,  however,  not  merely  from  the 
exercise  of  the  formative  powers  which  are  concerned  in  the  building-up 
of  the  organism,  but  also  from  the  degeneration  and  decay  which  are 
continually  taking  place  in  almost  every  part  of  it,  and  the  effects  of 

k  which,  if  not  antagonized,  would  speedily  show  themselves  in  its  complete 
I  disintegi-ation.  We  have  seen  (§  114)  that  as  each  component  cell  of 
Ithe  organism  has  to  a  certain  degree  an  independent  life  of  its  own,  so 
i  has  it  also  a  limited  duration ;  and  that  its  duration  usually  bears  an 
iinvei"se  ratio  to  its  functional  activity.  This  is  particularly  striking, 
when  we  compare  the  ratio  of  change  in  the  organisms  of  cold-blooded 
limals  at  low  and  at  high  temperatures;  for  they  live  slowly,  need  little 
itriment,  give  off  but  a  small  amount  of  excretory  products,  and  require 
long  time  for  the  performance  of  the  reparative  processes,  under  the 
rmer  condition  j  but  live  fast,  require  a  comparatively  large  supply  of 
itriment,  give  off"  a  far  greater  amount  of  carbonic  acid  and  other  com- 
)unds  resulting  from  the  'waste'  of  tissue,  and  exhibit  a  far  more  rapid 
paration  of  injuries,  in  the  latter  state.  The  constantly  high  tempe- 
iture  of  Man,  as  of  other  warm-blooded  animals,  prevents  this  difference 
om  being  displayed  in  him  in  a  similar  manner ;  but  it  is  well  seen 
hen  -we  contrast  his  different  tissues  with  each  other,  and  study  their 
ispective  histories.  For  whilst  there  are  some  which  appear  to  pass 
irough  all  their  stages  of  growth,  maturation,  and  decline,  within  a  limited 
eriod,  there  are  others  whose  existence  seems  capable  of  almost  inde- 
oite  prolongation,  and  others,  again,  which  are  liable  to  have  a  period  put 
)  it  at  any  time,  by  the  direction  of  their  vital  force  into  other  channels. 
-Of  those  belonging  to  the  first  category,  a  characteristic  example  is 
resented  by  the  ovule ;  which,  if  not  fertilized  within  a  limited  period 
fter  its  maturation,  speedily  declines  and  decays;  and  the  same  law  of 
Juited  duration  doubtless  extends  to  a  large  proportion  of  such  tissues 
8  are  actively  concerned  in  the  maintenance  of  the  organic  functions,  as 
5r  exami)le,  the  corpuscles  of  the  blood  (§  148),  the  epithelial  cells'  of 
aucous  membranes,  which  minister  to  absorption  in  one  situation  (§  4G1) 
nd  to  secretion  in  another  (§  235),  the  cells  forming  tlie  parenchyma  of 
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the  ductless  glands  (§  482,  iv.),  and  many  others. — The  contrary  extreme 
to  this  may  be  found  in  those  tissues,  whose  functions  are  rather  physical 
than  vital;  and  especially  in  such  as  undergo  consolidation  by  the  deposit 
of  solidifying  matter,  either  in  combination  with  the  animal  membrane 
or  fibre,  or  in  its  interstices.    Such  tissues  are  withdrawn  from  the  gene- 
ral cm-rent  of  vital  action,  and  there  seems  to  be  no  definite  limit  to 
their  duration,  except  such  as  is  imposed  by  the  chemical  and  mechanical 
degi-adation  to  which  they  are  subjected.    This  appears  to  be  the  case 
with  the  simj)le  fibrous  tissues,  especially  by  the  yellow,  even  in  their 
soft  or  imconsolidated  state ;  but  it  is  far  more  obvious  in  the  osseous 
substance,  which  is  chiefly  formed  by  the  combination  of  calcareous 
salts  with  the  fibrous  animal  basis.    So,  again,  in  the  dentine  and  enamel 
of  teeth,  we  have  examples  of  tissues  that  have  once  midergone  a  similar 
consolidation,  retaining  their  condition  unchanged  through  the  whole 
remainder  of  life,  under  circumstances  which  show  that  if  any  nutritive 
change  take  place  in  them,  its  amount  must  be  extremely  small.    Yet  it 
is  ciu'ious  to  observe,  that  both  in  the  osseous  and  dentinal  structures 
of  the  young,  there  is  obviously  a  determinate  limit  of  existence ;  as  is 
shown  in  the  rapid  disappearance  of  a  considerable  pai't  of  the  lamella) 
first  formed  in  the  cartilaginous  matrix  (§  265),  as  also  in  the  death  and 
removal  which  continue  to  take  place  in  the  inner  and  older  portions  of 
the  shaft  of  a  round  bone  during  the  whole  period  of  its  increase  (§  207); 
and  in  the  exuviation,  at  a  certain  definite  epoch,  of  the  first  set  of  teeth, 
which  exuviation  is  usually  preceded  by  the  death  and  disintegration  of 
their  own  tcxtiu-e  (§  289).  In  hair,  nails,  and  other  ej)idermic  appendages, 
which,  when  once  their  component  cells  have  imdergone  consolidation  by 
the  deposit  of  horny  matter  in  their  interior,  may  remain  unchanged  for 
centuries,  we  must  recognise  the  same  principle  of  indefinite  duration,  in 
connection  with  the  annihilation  of  vital  activity ;  the  chemical  constitution 
of  these  substances,  moreover,  being  such  as  renders  them  but  httle  prone 
to  be  acted-upon  by  ordinary  decomposing  agencies. — In  the  case  of  the 
Muscular  and  Nervous  tissues,  however,  we  ti'ace  the  operation  of  causes 
that  differ  fit-om  any  of  those  already  specified.    These  tissues  are  doubtless 
subject,  like  all  others  that  are  distinguished  by  their  vital  activity,  to 
the  law  of  limited  dm-ation ;  for  we  find  that,  when  not  called  into  use, 
they  undergo  a  gradual  disintegi-ation  or  wasting,  which  is  not  adequately 
repaired  by  the  nutritive  processes  (§§  313,  347).    But  their  existence  as 
living  structures  appears  to  be  terminable  at  any  time,  by  the  exercise  of 
tlieir  functional  powers;  for  the  development  of  muscular  contractility  orj 
of  nervous  force  seems  to  involve,  as  its  necessary  condition,  the  nietarl 
morphosis  (so  to  speak)  of  the  vital  power  which  was  previously  exercising 
itself  in  the  nutritive  operations;  and  the  materials  of  these  tissues,  now  I 
reduced  to  the  condition  of  dead  matter,  undergo  those  regressive  changes  I 
which  speedily  convert  them  into  excrementitious  products.    But  the  I 
very  manifestation  of  their  peculiar  vital  endowments,  deteruiines  an  I 
afilux  of  blood  towards  the  parts  thus  called  into  special  activity;  and  I 
from  this  it  comes  to  pass  that  the  nutrition  of  these  textures  is  promoted, 
instead  of  being  impaired,  by  the  losses  to  which  they  are  thus  subjected; 
so  that  their  constant  exercise  occasions  an  augmentation,  rather  than  n 
diminution,  of  their  substance, — a  due  supply  of  the  requisite  materials 
being  always  pre-supposed. 
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590.  Thus  it  comes  to  pass,  that  during  the  whole  period  of  active 
Hfe,  a  demand  for  Nutrition  is  created  by  every  exertion  of  t]ie  vital 
powers,  but  more  especially  by  the  evolution  of  the  Nervous  and  Mus- 
ciilar  forces.  The  production  and  application  of  these,  indeed,  may 
be  considered  as  the  great  end  and  aim  of  the  Human  organism,  so  far 
at  least  as  the  individual  is  concerned ;  the  whole  apparatus  of  Organic 
life  being  subservient  to  the  building-up  and  maintenance  of  the  Nervo- 
muscular  apparatus,  and  of  those  parts  of  the  fabric  {e.g.  the  bones, 
cartilages,  fibrous  textures,  &c.)  which  it  uses  as  its  mechanical  instru- 
ments. Thus  the  activity  of  all  the  organic  operations,  when  once  the 
fiiU  measure  of  gTowth  has  been  attained,  is  mainly  determined  by  that 
of  the  animal  functions;  and  as  the  'rate  of  life'  of  all  the  parts  which 
minister  to  the  former,  will  be  in  proportion  to  the  energy  with  which 
they  are  called-upon  to  perform  their  functions,  their  duration  will 
diminish  in  the  same  proportion,  and  hence  occasion  will  arise  for  their 
continual  renewal.*  But  since,  in  the  attainment  of  the  adult  con- 
dition, the  germinal  capacity  has  undergone  a  gradual  diminution,  whilst 
the  exercise  of  the  animal  powers  has  become  vastly  increased,  the  forma- 
tive processes  are  only  capable  of  maintaining  the  organism  in  its  state  of 
completeness  and  vigour,  by  making-good  the  losses  consequent  upon  the 
continual  disintegi'ation  to  which  it  is  subjected  by  its  nervo-muscular 
activity  (§  132).  And  with  the  advance  of  years,  the  further  diminution 
of  the  reproductive  capacity  involves,  on  the  one  hand,  a  progressive 
decrease  in  the  substance  of  the  tissues  and  organs  most  important  to 
life,  (their  bulk,  however,  frequently  remaining  unchanged,  or  even 
increasing,  in  consequence  of  the  accumulation  of  fat,)  and  on  the  other, 
a  gi'adual  weakening  of  its  powers  of  action  (§  133). 

591.  The  performance  of  the  function  of  ]5futrition,  the  demand  for 
which  arises  out  of  the  causes  that  have  been  now  discussed,  is  dependent, 
not  merely  upon  a  due  supply  of  pure  and  well-elaborated  blood,  but 
also  upon  the  normal  condition  of  the  part  to  be  nourished,  and  espe- 
cially upon  its  possession  of  a  right  measure  of  'formative  capacity;'  in 
virtue  of  which,  the  newly-produced  tissues  are  generated  in  the  likeness, 
as  well  as  in  the  place,  of  those  which  have  become  effete.  The  exactness 
of  this  replacement  is  most  remarkably  shown  in  the  retention  of  the 
characteristic  form  and  structm-e  of  each  sepai'ate  organ  or  part  of  the 

*  Such  an  excellent  illustration  is  afforded  by  the  phenomena  of  Vegetation,  of  the  doctrines 
here  propounded,  that  it  would  be  scarcely  desirable  to  pass  it  by  in  this  place,  although  it 
has  been  elsewhere  more  fully  referred-to  ("  Princ.  of  Phys.,  Gen.  and  Comp.,"      494,  554), 
^ — The  leaves  of  Plants  serve,  like  the  absorbing  and  assimilating  cells  of  Animals,  for  the 
;  introduction  and  elaboration  of  the  nutritive  materials  which  are  to  be  applied  to  the  exten- 
'  sion  of  the  fabric,  the  more  permanent  and  inactive  parts  of  which  are  thus  generated  at  the 

♦  expense  of  materials  prepared  by  the  vital  operations  of  the  more  transitory  and  energetic, 
.'  Now  there  is  an  obvious  limit  to  the  duration  of  the  leaf-cells ;  but  this  limit  is  not  precisely 

•  one  of  time,  being  rather  dependent  upon  the  completion  of  their  series  of  vital  actions. 
.  Thus,  although  we  are  accustomed  to  look  upon  the  'fall  of  the  leaves'  (which  is  nothing 
«  else  than  an  exuviation  consequent  upon  death)  as  a  phenomenon  of  regular  seasonal  recur- 
'  rence,  and  to  regard  their  replacement  by  a  new  growth  as  occurring  at  a  not  less  constant 
\  lP*^5^al,  yet  experience  shows  that  these  intervals  are  entirely  regulated  by  temperature  \ 

*  for  if  one  of  the  ordinary  deciduous  trees  of  temperate  climates  be  transferred  to  a  tropical 
"ini'ite,  it  will  live  much  faster,  its  leaves  being  shed  far  more  frequently,  and  being  replaced 
'""ch  more  speedily  ;  so  that  two,  or  even  three,  successive  exuviations  and  reproductions  of 

foliage  may  take  place  within  a  year. 
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body,  and  thus  of  the  entire  organism,  through  a  long  series  of  years ;  no 
changes  being  appai-ent  (so  long  as  the  state  of  health  is  preserved),  but 
such  as  are  conformable  to  the  general  type  of  that  alteration  which  the 
organism  undergoes  with  the  advance  of  life.  And  not  only  is  this  to  be 
noticed  in  the  conservation  of  all  those  distinguishing  points  of  structure 
which  mark  the  species,  and  are  essential  to  its  well-being;  but  it  is  still 
more  remarkably  displayed  in  the  continuous  renewal  of  those  minor 
peculiarities,  which  constitute  the  characteristic  features  of  the  individual, 
and  which  serve  to  distinguish  him  from  his  fellows.  And  how  much 
this  depends  upon  the  formative  capacity  originally  derived  from  tlie 
germ,  is  evident  from  this,  that  a  similar  moulding  (so  to  speak)  of  the 
nutritive  material  takes  place,  in  the  first  instance,  into  the  form  charac- 
teristic of  the  species,  and  afterwai'ds  into  that  which  marks  the  individual, 
and  that  the  peculiarities  of  the  individual  are  frequently  such  as  have 
been  distinctive  of  one  or  other  of  the  pai'cnts,  or  present  a  combination 
of  both.  But  it  is  curious  that  the  formative  power  should  often  be 
exercised,  not  only  iu  maintaining  the  original  type,  but  also  in  keeping- 
up  some  acquired  peculiarity;  as,  for  example,  in  the  perpetuation  of  a 
cicatrix  left  after  the  healing  of  a  wound.  For,  as  Mr.  Paget  has  remarked, 
the  tissue  of  a  cicatrix  grows  and  assimilates  nutrient  material,  exactly  as 
do  its  healthy  neighbouring  tissues ;  so  that  a  scar  which  a  child  might  have 
said  to  be  as  long  as  his  own  fore-finger,  will  still  be  as  long  as  his  fore- 
finger when  he  becomes  a  man.  And  when  the  mode  of  nutrition  in  any 
part  has  been  altered  by  disease,  there  is  frequently  an  obstinate  tendency 
to  the  perpetuation  of  the  same  alteration;  or,  if  the  healthy  action  be  for 
a  time  restored,  there  is  a  peculiar  tendency  to  the  renewal  of  the  morbid 
process  in  the  part;  and  this  is  stronger  the  more  frequently  it  recm'S, 
until  at  last  it  becomes  inveterately  established.  There  is,  however,  in 
the  tissues  generally,  as  in  the  blood  (§  207),  a  general  tendency  to  a 
return  to  the  normal  type,  after  it  has  undergone  a  temporaiy  pei-vei'sion ; 
and  thus  it  is  that  we  find  the  normal  structure  of  parts  gTadually  restored, 
wlien  the  morbid  tendency  has  been  overcome ;  and  that  even  cicatrices  and 
indurations,  notwithstanding  their  usual  obstinate  persistence,  occasionally 
disappear.  The  normal  type  is,  perhaps,  less  likely  to  be  thus  recovered, 
when  the  departure  from  it  is  very  slight,  and  consists  rather  in  the  wi'oug 
plan  (so  to  speak)  on  which  the  new  matter  is  laid  down,  than  in  a  per- 
vei-sion  of  the  nutritive  process  itself. 

592.  Of  the  mode  in  which  the  substitution  of  new  tissue  for  that  which 
has  become  effete,  is  effected  in  the  process  of  Nutrition,  our  knowledge 
is  at  present  limited ;  but  there  can  be  little  doubt  that  it  nearly  always 
takes  place  in  a  manner  closely  conformable  to  the  first  development  of 
each  tissue.  In  some  instances  there  is  an  obvious  replacement  of  the  old 
and  dead  by  the  young  and  active  elements :  this  is  the  case,  for  example, 
in  the  constantly-repeated  production  of  the  Epidermic  and  Epithelial 
layers ;  for  whether  they  are  developed  from  germs  imbedded  in  the  sub- 
jacent basement-membrane,  or  from  nuclei  formed  de  novo  in  the  blastema 
on  its  free  surface,  or  by  the  duplicative  subdivision  of  pre-existing  cells, 
there  is  a  continual  succession  of  new  cells,  which  take  the  jilace  of  those 
that  are  cast  off  as  defunct  and  useless.  So  in  the  growth  of  Hair,  the 
increase  of  which  takes  place  only  at  its  base,  we  can  trace  at  any  period 
the  same  development  of  newly-formed  spheroidal  cells  into  horuy  fusi- 
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form  fibres,  as  that  which  took  place  when  first  the  hair  began  to  sprout 
from  the  aggi-egation  of  epidermic  cells  at  the  bottom  of  its  follicle.  So, 
again,  in  the  vesicular  tissue  which  constitutes  the  essential  part  of  the 
Nervous  centres,  there  are  appearances  wliich  indicate  that  its  peculiar 
cells  are  in  a  state  of  continual  development,  newly-formed  ganglionic 
vesicles  taking  the  place  of  those  which  have  undergone  disintegration. 
But  there  are  other  textures  whose  nutrition  is  more  completely  intersti- 
tial ;  their  elements  being  more  closely  coherent,  and  their  newly-formed 
portions  being  developed  throughout  the  substance  of  the  old,  instead  of 
(as  in  the  case  of  the  epidermis  and  its  appendages)  superficially  or  in 
mere  continuity  with  it.  Such  is  the  case,  for  example,  with  Muscle,  the 
mode  of  whose  nutrition  has  not  yet  been  elucidated.  We  can  only  infer 
from  analogy,  that  here  too  each  fibre  or  fibril  will  pass,  in  the  course  of 
its  development,  through  the  same  stages  which  those  of  the  embryo  did 
when  its  muscles  were  first  formed.  And  this  analogy  seems  to  derive 
confirmation,  ft-om  the  presence,  in  all  well- nourished  muscles,  of  bodies 
which  bear  the  appearance  of  nuclei ;  for  these,  as  Mr.  Paget  remarks, 
"  are  not  the  loitering  impotent  remains  of  embryonic  tissue,  but  germs 
or  organs  of  power  for  new  formation."  And  it  is  farther  confirmatory  of 
this  view,  that  losses  of  substance  of  muscle,  which  involve  the  destruction 
of  these  centres  of  nutrition,  are  not  replaced,  like  losses  of  cuticle,  by 
new  tissue  of  the  same  kind;  the  power  to  form  it  not  being  inherent  in 
the  blood  or  in  the  neighbouring  parts.  Nevertheless  it  must  be  admitted 
that  no  intermediate  stages  of  development  can  be  traced  in  the  fibres, 
even  of  those  muscles  of  the  adult  which  are  in  most  constant  use,  and  of 
which  the  nutrition  is  the  most  active,  that  are  at  all  comparable  to  those 
which  are  met  with  in  the  muscular  tissues  of  the  embryo. — With  regard, 
again,  to  the  interstitial  nutrition  of  Bones  and  Teeth,  we  know  nothing 
whatever.  That  some  nutritive  change  is  continually  taking  place  in 
them,  is  certain  from  the  fact  that  if  the  supply  of  blood  be  withdrawn, 
the  parts  thus  affected  die  and  are  cast  out  of  -  the  body ;  and  it  is  also 
made  apparent  by  the  effects  of  madder  in  gTadually  tinging  even  the 
bones  and  teeth  of  the  adult,  though  for  such  a  change  a  much  longer 
period  is  required  in  the  adult  than  in  the  young  animal. — The  nutrition 
of  the  simple  Fibrous  tissues  would  also  appear  to  take  place  interstitially ; 
but  there  is  no  proof  that  the  pre-existing  tissues  are  here  in  any  way 
concerned  in  their  replacement,  which  probably  takes  place  in  virtue  of 
the  self-developing  powers  of  the  blood  itself. 

593.  Of  the  modes  in  which  the  effete  particles  of  tissues  whose  term 
of  life  has  expired,  or  whose  vital  energy  has  been  exliausted,  are  removed 
and  disposed  of,  our  present  knowledge  is  no  less  imperfect.  In  the  case 
of  those  tissues  which  are  superficially  nourished,  a  continual  loss  of  sub- 
stance is  obviously  taking  place  by  the  exuviation  of  dead  particles  en 
masse  ;  this  is  the  case  with  the  whole  series  of  Epithelial  and  Epidermic 
cells,  which  ai'e  thrown  off  with  little  previous  change,  like  the  leaves  of 
trees,  their  decay  not  taking  place,  for  the  most  part,  until  after  they 
have  become  detached  from  the  organism.  But  the  fact  is  altogether 
difFerent  with  regard  to  those  whose  nutrition  is  interstitial,  especially  the 
nervous  and  muscular  tissues ;  for  the  decomposition  of  these  would  seem 
to  occur  in  their  very  substance,  its  products  being  takeu-up  by  the  blood, 
and  subsequently  eliminated  from  it  by  organs  appropriated  to  that  pur- 
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pose.  The  evidence  of  this  is  seen,  as  regards  Muscle,  in  the  presence  of 
creatine,  creatinine,  inosite,  and  other  undoubted  products  of  regressive 
metamorphosis,  in  the  'juice  of  flesh;'  as  regards  the  Nervous  substance, 
however,  no  such  definite  proof  can  be  at  present  afibrded,  since  its  noi'mal 
constitution  has  not  yet  been  sufficiently  studied  to  enable  the  products  of 
.its  decomposition  to  be  distinguished. — There  is  one  remarkable  form  of 
degeneration,  however,  which  is  common  to  nearly  all  the  tissues,  and 
which  seems  to  occur  as  a  normal  alteration  in  many  of  them  at  an 
advanced  period  of  life ;  this  consists  in  the  conversion  of  their  albumi- 
nous or  gelatinous  materials  into  fat,  thus  constituting  what  is  known  as 
'  fatty  degeneration.'  That  this  change  is  not  due  to  the  removal  of  the 
normal  components  of  the  tissues,  and  the  substitution  of  newly-deposited 
fatty  matter  in  their  place,  but  is  (in  most  cases  at  least)  the  result  of  a 
real  conversion  of  the  one  class  of  substances  into  the  other,  has  been 
already  pointed  out  (§  40).  And  there  are  certain  facts  which  indicate 
tliat  this  kind  of  degeneration  is  a  part  of  the  regidar  series  of  processes, 
by  which  tissues  that  have  served  their  purpose  in  the  economy  are  pre- 
pared for  being  removed  by  absorption ;  one  of  the  most  remarkable  being 
the  observations  of  Virchow*  and  Kihant  with  regard  to  the  fatty  degene- 
ration of  the  muscular  tissue  of  the  uterus  after  parturition.  So,  as  Mr, 
Paget  has  pointed  out,  the  fibrinous  and  corpuscular  products  of  inflam- 
mation are  often  brought  into  a  state  fit  for  absorption,  by  passing  through 
this  intennediate  stage;  the  fibrinous  substance  being  observed  to  be 
dotted  by  gi-anules,  which  are  known  to  be  oil-particles  by  their  peculiar 
shining  black-edged  appearance,  and  at  the  same  time  losing  its  toughness 
and  elasticity,  and  being  no  longer  rendered  transparent  by  acetic  acid; 
whilst  the  lymph-cells  present  a  similar  increase  of  shining  black-edged 
particles  like  minute  oil-di*ops,  which  accumulate  until  they  nearly  fill  the 
cell-cavity,  their  nuclei  at  the  same  time  gradually  fading  and  disappear- 
ing.:}; Thus,  then,  if  the  fat,  which  is  one  of  the  products  of  this  regTessive 
metamorphosis,  be  absorbed  as  fast  as  it  is  formed,  and  the  effete  tissue 
be  replaced  by  a  new  production,  which  seems  to  be  the  case  with  Muscles 
in  a  state  of  healthy  activity,  there  is  no  aj^pearance  of  degeneration,  and 
the  nutrition  is  kept  up  to  its  normal  standard.  But  if,  from  the  advance 
of  age,  or  from  the  insufficient  exercise  of  the  muscles,  their  nutrition 
take  place  less  rapidly  than  their  waste,  whilst  the  products  of  their 
degeneration  are  still  removed,  simple  atrophy  is  the  result.  If,  on  the 
other  hand,  the  general  conditions  being  similar,  the  fat  produced  in 
degeneration  be  not  absorbed,  but  remain  in  the  tissue  (as  is,  perhaps, 
most  likely  to  happen  when  a  copious  supply  of  respiratory  material  is 
afibrded  by  other  substances),  an  obvious  'fatty  degeneration'  is  the  result. 
— It  may  be  stated  as  a  general  nile,  that  no  absorption  of  the  materials 
of  tissues  can  take  place,  without  a  previous  degeneration  such  as  this,  or 
a  more  complete  decomposition.  There  is  no  evidence  that  any  healthy 
tissue  is  ever  thus  absorbed,  or  that  any  preternatural  activity  of  the 
absorbent  vessels  can  ever  (as  formerly  supposed)  be  the  occasion  of  a  loss 
of  substance ;  in  fact,  so  long  as  the  vital  force  is  in  active  operation  in  a 
part,  and  its  processes  of  growth  and  development  are  being  normally 

*  "  Verhandlungen  der  Geselischaft  fur  Geburtshlilfe,"  Berlin,  vol.  iii.  p.  xvii. 
t  "  Henl6  iind  Pfeuffer's  Zeitschrift,"  vol.  ix.  p.  1. 

t  Sec  Mr,  Paget's  '  Lectures  on  Inflammation'  in  "  Medical  Gazette,"  1 850,  vol  -  xlv. p-  /• 
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can'ied-OD,  such  absorption  may  be  considered  to  be  impossible.  On  the 
other  hand,  if  a  pai"t  die  en  masse,  it  is  not  removed  by  absorption,  but 
becomes  isolated  by  the  separation  and  recedence  of  the  living  parts,  and 
is  then  cast  out  altogether,  even  from  the  interior  of  the  body,  as  we  see 
in  the  case  of  a  necrosed  bone;  its  condition  being  then  essentially  the 
same  as  that  of  the  outer  layers  of  the  tegumentary  organs,  which  are  cut 
off,  by  their  distance  from  a  vascular  surface,  from  all  further  nutrient 
change.  The  difference  between  these  two  modes  of  removal  is  well  seen 
(as  All-,  Paget  has  remarked)  in  the  case  of  the  Teeth ;  for  the  fangs  of 
the  deciduous  teeth  undergo  degeneration,  when  the  current  of  nutrition 
is  diverted  towards  those  which  are  to  succeed  them,  their  materials  being 
slowly  decomposed  so  as  to  become  soluble,  and  being  gradually  removed 
by  absorption,  so  that  nothing  is  left  at  last  but  the  crowns  of  the  teeth ; 
on  the  other  hand,  the  permanent  teeth  which  are  not  to  be  succeeded  by 
others,  when  no  longer  receiving  their  due  nutrition,  die,  and  are  cast  out 
entire. 

594.  Among  the  conditions  of  healthy  Nutrition,  a  due  supply  of 
Nervous  power  is  commonly  enumerated;  and  it  cannot  be  questioned 
that  the  want  of  such  a  supply  is  frequently  the  source  of  a  perversion  of 
the  normal  operations.  This,  however,  by  no  means  proves  that  the 
formative  power  is  derived  from  the  nervous  system  j  and  such  an  idea  is 
at  once  negatived  by  a  number  of  incontestable  facts.  Yet  it  may  be 
freely  admitted  that  the  right  direction  and  application  of  this  power  in 
Nutiition,  may  sometimes  depend  upon  guidance  and  direction  afforded 
by  the  Nei-vous  centres,  in  the  same  manner  as  the  Secreting  process  is 
capable  of  being  thus  influenced;  in  fact  we  can  scarcely  explain  in  any 
other  mode  that  influence  of  mental  states  ivpon  the  nutrient  operations, 
which  frequently  leads  to  very  important  modifications  of  them. — The 
whole  of  this  subject,  however,  will  be  more  appropriately  considered 
hereafter  (chap,  xvii).* 

2.  Varying  Activity  of  the  Nutritive  Processes. — Reparative  Operations. 

595,  Without  any  change  in  the  character  of  the  Nutritive  processes, 
there  may  be  considerable  variations  in  their  degree  of  activity  ;  and  this, 
either  as  regards  the  entire  organism,  or  individual  parts,  though  most 
commonly  the  latter.  These  variations  may  be  so  considerable  as  to  con- 
stitute Disease ;  though  there  are  some  which  take  place  as  part  of  the 
regular  series  of  Physiological  phenomena.  Thus,  as  we  have  seen,  it  is 
to  the  excess  of  formative  activity,  that  the  increase  of  the  organism  in 
the  earlier  period  of  life  is  due,  its  'waste'  being  at  the  same  time  ex- 
tremely rapid ;  whilst  it  is  to  a  corresponding  reduction  in  the  regenera- 
tive power,  and  not  to  positive  excess  of  'waste'  or  decay  (this,  indeed, 
taking  place  very  slowly),  that  the  gradual  decline  of  the  organism  in 

■  advancing  years  is  to  bo  attributed.  So  also  we  find  that  local  as  well  as 
1  general  variations  may  take  place,  as  a  part  of  the  regailar  series  of  vital 
)  phenomena;  and  this  during  the  period  of  adult  life,  as  well  as  in  the 

*  In  the  treatment  of  this  subject,  the  Author  has  made  free  use  of  the  valuable  materials 
contained  in  Mr.  Paget's  '  Lectures  on  Nutrition,  Hypertrophj'  and  Atrophy,'  ("  Med,  Gaz.  " 
1847)  which  have  enabled  him,  whilst  still  expressing  the  same  general  doctrines  as  in  previous 
editions,  to  make  great  improvements  in  the  exposition  and  illustration  of  theni^ 
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earlier  and  later  epochs.  .Thus  all  those  differences  in  the  propoi-tional 
development  of  the  several  parts  of  the  organism,  which  mark  the  distinc- 
tion between  the  adult  and  the  child,  even  where  (as  in  the  case  of  a 
dwarf),  there  is  no  difference  in  stature,  result  from  a  decline  in  the 
formative  capacity  of  those  which  are  peculiarly  adapted  to  the  wants  of 
the  earlier  stage  (the  Thymus  gland  for  example),  and  from  an  increased 
activity  of  nutrition  in  those  which  are  destined  to  the  use  of  the  adult, 
the  Generative  organs  more  particularly.  And  the  intermittent  activity 
of  the  sexual  apparatus  of  the  female  affords  a  remarkable  example  of  the 
same  principle ;  this  being  marked  not  merely  in  the  enormous  develop- 
ment of  the  uterus  and  mammary  glands  as  a  consequence  of  conception, 
but  in  the  periodical  change  which  takes  place  in  the  ovaries,  whereby  the 
ova  are  matured  and  thrown  off"  at  certain  regular  intei*vals.  The  dechne 
in  the  formative  power  of  these  same  organs,  moreover,  when  as  yet  the 
organism  in  general  shows  but  little  indication  of  deterioration,  is  another 
characteristic  example  of  the  variation  in  Nutritive  activity  resulting 
from  the  inherent  endowments  of  the  part,  and  essentially  irrespective  of 
the  condition  of  the  blood,  of  the  circulation,  and  of  the  organism  as  a 
whole;  but,  as  formerly  shown  (§  203),  the  production  and  maintenance 
of  other  and  apparently  unconnected  organs  are  comjylementally  depen- 
dent upon  the  formative  activity  of  the  generative  apparatus. 

596.  The  abnoiinal  excess  of  Nutritive  change  which  properly  consti- 
tutes Hypertrophy,  appears  to  depend  upon  a  departure  from  one  or  other 
of  the  conditions,  under  which,  as  already  sj)ecified,  the  change  normally 
takes  place ;  namely,  the  right  composition  of  the  blood,  a  due  supply  of 
such  blood,  and  a  proper  formative  capacity  in  the  pai't  itself — Of  the 
excess  of  nutrition  resulting  from  the  presence  of  an  excess  of  the  peculiar 
materials  of  certain  tissues  in  the  circulating  fluid,  examples  have  already 
been  given  (§120);  it  is  important  to  remark,  however,  that  although 
hypertrophy  may  be  thus  induced  in  any  of  the  tissues  which  constitute 
the  instalments  of  organic  life,  yet  there  is  no  evidence  that  either  the 
nervous  or  the  muscular  apparatus  can  be  forced  (so  to  speak)  to  an 
augmentation  in  bulk  by  the  abundance  of  their  nutritive  materials. — 
With  regard,  in  the  next  place,  to  the  supply  of  blood,  there  can  he  no 
doubt  that  in  general  an  increased  flow  of  blood  towards  a  part  is  conse- 
quent upon,  rather  than  a  cause  of,  an  excess  in  its  nutritive  activity;  but 
still  there  are  cases  in  which  its  causative  agency  may  be  traced.  Vai'ious 
examples  of  this  have  been  supplied  by  the  experiments  and  observations 
of  John  Hunter,  the  records  of  which  are  left  in  his  Museum.  Thus 
if  the  spur  of  a  cock  be  transplanted  from  the  leg  to  the  comb,  which 
is  a  part  far  more  vascular  than  that  with  which  it  was  originally  con- 
nected, it  undergoes  an  extraordinary  augmentation  in  size ;  having  iu 
one  instance  grown  in  a  spiral  form,  until  it  was  six  inches  long ;  and  in 
another  curved  forwards  and  downwai'ds  like  a  horn,  so  that  its  end 
needed  to  be  often  cut,  to  enable  the  bird  to  bring  his  beak  to  the  ground 
in  feeding.  So,  again,  it  was  remarked  by  Hunter,  and  has  been  fre- 
quently observed  since,  that  an  increased  growth  of  hair  often  takes  place 
on  surfaces  to  which  there  is  an  increased  determination  of  blood  as  a 
consequence  of  inflammation  in  some  neighbouring  part,  though  not  from 
the  surface  of  the  inflamed  part  itself  So  it  sometimes  happens  that 
when  an  ulcer  of  the  integuments  of  the  leg  has  long  existed  in  a  yoimg 
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pei-son,  the  subjacent  bone  may  share  in  the  increased  afflux  of  blood,  and 
may  enlai'ge  and  elongate.  And  it  seems  not  improbable  that  we  are  to 
atti'ibute  the  increased  thickness  of  the  cuticle  on  parts  which  are  exposed 
to  continual  pressure  or  friction,  to  the  augmented  afflux  of  blood  which 
is  determined  to  the  irritated  sui-face  (§  241).* — The  greater  number  of 
cases  of  Hyperti'ophy,  however,  must  undoubtedly  be  referred  to  the  pre- 
tematiural  formative  capacity  of  the  part  itself ;  and  this  may  either  be 
congenital  or  acquired.  Of  this  congenital  excess,  we  have  a  remarkable 
example  in  the  abnormal  growth  of  an  entire  limb,  or  of  fingers  or  toes,t 
which  cannot  with  any  probability  be  referred  to  an  original  excess  in  the 
supply  of  blood,  the  enlargement  of  the  arteries  leading  towai'ds  such 
pai'ts  being  almost  certainly  consequent  upon  their  unusually  rapid 
gi'owth,  just  as  in  the  case  of  the  uterine  and  mammary  arteries  of  the 
pregnant  female.  The  most  remarkable  instances  of  the  acquirement  of 
increased  formative  activity,  are  presented  to  us  in  that  augmented 
gi'owth  of  the  nei^vous  and  muscular  tissues,  which  is  consequent  upon 
the  exercise  of  their  functional  powers.  This  may  be  considered  as  to  a 
certain  extent  a  normal  adjustment  of  the  supply  to  the  demand;  but 
there  are  some  instances  in  which  it  takes  place  to  such  an  extent  as  to 
become  a  positive  disease.  Thus  it  not  unfrequently  happens,  that  if 
young  persons  who  naturally  show  precocity  of  intellect,  are  encouraged 
rather  than  checked  in  the  use  of  the  brain,  the  increased  nutrition  of 
the  organ  (which  grows  faster  than  its  bony  case)  occasions  pressure  upon 
its  vessels,  it  becomes  indurated  and  inactive,  and  fatuity  and  coma  may 
supervene.  Now  although  in  such  cases  there  must  probably  have  been 
some  congenital  tendency  to  preternatm-al  activity  of  the  brain,  which 
manifests  itself  in  precocity  of  intellect,  yet.  there  is  no  doubt  that  this 
may  be  augmented  by  the  'forcing  system'  of  education;  whilst,  on  the 
other  hand,  it  may  be  controlled  by  a  system  of  management  adapted  to 
the  peculiar  circumstances  of  the  case.  Excess  of  muscular  development 
is  peculiarly  prone  to  show  itself  in  the  involuntary  muscles ;  but  this 
production  is  in  almost  every  instance  the  result  of  the  demand  for 
increased  muscular  exertion,  which  is  consequent  upon  some  obstruction 
to  the  usual  function  of  the  part.  Thus  an  extraordinary  hypertrophy  of 
the  muscular  coat  of  the  urinary  bladder  is  often  seen  as  a  consequence  of 
obstruction  to  the  exit  of  the  urine,  through  the  presence  of  a  stone  in 
the  bladder  or  of  a  stricture  in  the  Tirethra;  so,  again,  hypertrophy  of 
the  muscular  coat  of  the  gall-bladder  may  take  place  as  a  consequence  of 
obstruction  of  its  duct  by  a  gall-stone;  hypertrophy  of  the  muscular  coat 
of  any  part  of  the  alimentary  canal  may  take  place  in  consequence  of 
stricture  lower  down ;  and  even  hypertrophy  of  the  heart  is  generally,  if 
not  always,  attributable  to  obstruction  to  the  exit  of  the  blood  which  it 
propels,  resulting  either  from  stagnation  of  the  pulmonary  circulation  by 
the  deficient  aeration  consequent  upon  disease  of  the  lungs  (in  which  case 

•  It  is  commonly  said  that  local  hypertrophy  may  be  induced  by  long-continued  Conges- 
tion ;  but  this  is  not  true  hypertrophy ;  for  the  bulk  of  the  organ  is  not  augmented  by  the 
mcreased  production  of  its  normal  tissue,  but  by  the  addition  of  tissue  of  an  inferior  type  of 
organisation,  as  in  Inflammation  (§  GOD). 

^  +  A  case  of  hypertrophy  of  an  entire  limb  was  described  by  Dr.  John  Reid  in  the 
Edmb.  Monthly  .Joum.,"  I(i43,  p.  19H;  and  several  cases  of  hypertrophy  of  the  fineers 
were  described  by  Mr.  Curling  in  the  "  Med.-Chir.  Trans.,"  vol.  xxviii. 
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the  hypertrophy  is  limited  to  the  right  side  of  the  heart),  or  from  thicken- 
ing or  indm'ation  of  the  semilunar  valves  or  narrowing  of  the  orifices  of 
the  aorta  and  pulmonary  artery.  It  is  curious,  moreover,  to  observe  that 
hypertrophy  of  muscles  frequently  becomes  a  source  of  inci'eased  nutri- 
tion of  the  bones  to  which  they  are  attached;  this  being  manifested,  not 
merely  in  the  augmented  bulk  of  the  bones  of  limbs  that  are  specially 
exercised,  but  also  in  the  increased  prominence  of  the  ridges  and  processes 
to  which  the  muscles  are  attached.  This  adaptiveness  on  the  part  of  the 
formative  activity  of  the  osseous  tissue,  is  curiously  manifested  also  in  the 
relation  of  the  skull  to  the  brain ;  for  if  the  bulk  of  the  brain  be  not  too 
rapidly  augmented,  the  skull  will  enlarge  accordingly,  and  this  (in  some 
instances)  not  mei'ely  by  the  extension  of  its  normal  bones,  but  by  the 
intercalation  of  new  osseous  elements,  the  '  ossa  wormiana whilst,  on 
the  other  hand,  if  there  be  a  diminution  in  the  bulk  of  the  brain,  the 
cranium  may  adapt  itself  to  this  also,  by  a  thickening  on  its  internal 
surface,  or  concentric  hypei-trophy, — this  change,  rather  than  a  diminution 
in  the  whole  substance  of  the  skull,  being  more  liable  to  take  place  in 
cases  in  which  the  cranial  sutures  have  already  closed,  and  the  nutrition 
of  the  bone  has  become  inactive,  so  that  the  modelling  process,  which  con- 
sists in  the  absorption  of  old  and  the  deposition  of  new  osseous  tissue 
(§  130),  cannot  take  place. 

597.  The  production  of  Tumours  must  be  considered  as  a  manifesta- 
tion of  an  excess  of  formative  activity  in  individual  pai'ts,  and  as  constitut- 
ing, therefore,  a  sj)ecies  of  Hypertrophy,  For  a  tumour  may  be  composed 
of  the  tissues  which  are  normal  to  the  part;  as  we  see  especially  in  the 
case  of  those  tiimours  of  the  utems,  which  are  made  up  of  an  excess  of  its 
ordinary  muscular  and  fibrous  elements.  But,  as  Mr.  Paget  has  justly 
remarked,  "  an  essential  diflFerence  lies  in  this ; — the  uterus  (often  itself 
hypertrophic  d)  in  its  growth  around  the  tumour  maintains  a  normal 
type,  though  excited  to  its  growth,  if  we  may  so  speak,  by  an  abnormal 
stimulus;  it  exactly  imitates,  in  vascularity  and  muscular  development, 
the  pregnant  uterus,  and  may  even  acquire  the  like  power ;  and  at  length, 
by  contractions  like  those  of  parturition,  may  expel  the  tumoiu*  sponta- 
neously separated.  But  the  tumom'  imitates  in  its  growth  no  natm'al 
shape  or  construction ;  the  longer  it  continues,  the  greater  is  its  deformity. 
Neither  may  we  overlook  the  contrast  in  respect  of  purpose,  or  adaptation 
to  the  general  welfare  of  the  body,  which  is  as  manifest  in  the  increase 
of  the  uterus  as  it  is  improbable  in  that  of  the  tumour."*  A  gradation 
is  established,  however,  between  true  Hypertrophies  and  Tumom-s,  by 
those  productions  of  glandular  tissue,  which  ai'C  made  up  of  the  proper 
substance  of  the  gland  with  which  they  are  connected,  as  the  mammaiy, 
the  prostate,  or  the  thyroid,  and  which  (though  frequently  encysted)  ai-e 
sometimes  met  with  as  outlying  portions  of  the  gland  itself. — There  is 
another  class  of  objects  to  which  Tumours  come  into  close  relation,  and 
which  must  be  referred,  like  them,  to  a  local  excess  of  formative  actiAaty ; 
these  ai-e  the  "  supernumeraiy  parts"  which  ai-e  not  unfrequently  deve- 
loped diu-ing  foetal  life,  as,  for  example,  additional  fingers  and  toes.  It 
seems  absurd  to  refer  these,  formed  as  they  are  by  simple  oiitgrowth  fi'om 
thehmbs  to  which  they  are  attached,  to  the  "  fusion  of  germs"  which  has 

*  '  Lectures  on  TiimGurs,"  in  "  Medical  Gazette,"  1851,  vol.  xlvii.  u.  9'25. 
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been  hvpothetically  invoked  to  explain  more  important  excesses,  as  those 
of  additional  limbs,  double  bodies,  or  double  heads ;  and  yet  from  the 
lowei"  to  the  higher  form  of  excess,  the  transition  is  so  gradual  that  what 
is  true  of  the  former  can  scarcely  but  be  true  of  the  latter;  so  that  even 
complete  "double  monsters"  must  be  regarded,  not  as  having  proceeded 
from  two  separate  germs  which  have  become  partially  united  in  the  course 
of  their  development,  but  from  a  single  germ,  which,  being  possessed  of  an 
unusual  formative  capacity,  has  evolved  itself  into  a  structure  containing 
more  than  the  usual  number  of  parts,  and  compai'able  to  that  which  may 
be  ai'tificially  produced  by  partial  fission  of  the  bodies  of  many  of  the 
lower  animals.* — We  can  scarcely  fail  to  recognize,  in  this  whole  series  of 
abnormal  productions,  the  operation  of  a  similar  power.  In  the  forma- 
tion of  a  supernumerary  pai't,  this  has  been  sufficient,  not  merely  to  pro- 

:  duce  the  tissues  and  to  develope  them  according  to  a  regular  morpholo- 
gical type,  but  to  impart  to  the  fabric  thus  generated  a  separate  and  even 

.  an  independent  existence ;  thus  producing  an  additional  finger  or  thumb 
on  each  hand,  a  double  pair  of  arms  or  legs,  a  double  head  or  trunk,  or 

.  even  a  complete  double  body.  In  the  hypertrophy  of  a  regular  or  normal 
part,  the  new  tissues  are  still  developed  according  to  a  regular  morpholo- 
frical  type ;  but  they  have  not  the  power  of  individualizing  themselves  (so 
t  M  speak),  and  are  so  incorporated  with  the  normal  elements  as  to  aug- 
i  ient  the  size  of  the  existing  organ.  In  the  formation  of  a  tumour,  on 
I  lie  other  hand,  whilst  its  component  tissues  are  themselves  perfectly 
formed,  and  have  a  marked  power  of  independent  growth,  the  mass  com- 
I'ljsed  of  them  is  altogether  amorphous,  its  configuration  being  usually 
letermined  rather  by  the  physical  conditions  under  which  it  is  produced, 
-lian  by  any  peculiar  tendencies  of  its  own;  so  that  we  recognize  the  action 
r  the  formative  power,  undii-ected  by  that  morphological  7iisus,  which 
ormaUy  models  (so  to  speak)  the  growing  tissues  into  the  likeness  of  the 
irgan  to  which  they  belong.  But  further,  in  many  of  the  large  class  of 
iimom-s  distinguished  as  'malignant'  (§  616),  the  development  of  tissue 

I  as  not  gone  to  the  extent  of  producing  any  of  those  species  of  which  the 
lody  is  normally  constituted;  and  in  this  respect,  as  well  as  in  their  ten- 
lency  to  rapid  degeneration,  the  vital  endowments  of  their  elements  must 

■  reckoned  as  below  those  of  the  normal  tissues. — It  is  not  always  easy  to 

II  aw  the  line  between  certain  tumours  and  supernumerary  parts,  especially 
hen  the  production  of  the  former  is  symmetrical;  but  the  first  appear- 
ice  of  the  latter  never  takes  place  save  dm-ing  embryonic  life,  and  their 
l  ucture  is  more  complex,  and  is  more  conformed  to  the  plan  and  con- 
ruction  of  the  body  at  large,  than  is  that  of  tumours,  whose  production 

aay  take  place  at  any  period  of  life.  And  between  those  tumours  which 
li  e  known  as  '  piliferous'  and  '  dentigerous  cysts,'  and  those  encysted  em- 
'tyoes  (usually  incomplete  in  their  formation)  which  are  sometimes  found 
11  the  bodies  even  of  males,  it  is  impossible  to  establish  any  line  of 

■  marcation  sufficiently  precise  to  prevent  our  recognizing  them  as  all 
i  viug  the  same  origin  and  being  expressions  of  the  same  power, — the 
iiiple  cyst  being  a  kind  of  rude  attempt  at  the  production  of  a  distinct 

*  Sec  "Princ.  of  Phys.,  Gen.  and  Comp.,"  ^  046,  709;  Prof.  Vrolik  in  "Cyclop  of 
"at.  and  Phys.,"  art.  'Teratology,'  vol.  iv.  p.  DJG  ;  and  Prof.  Allen  Thomson  on  'Double 
I'Jnstrosity,'  in  "  Edinb.  Monthly  Journal,"  June  and  July,  1»44. 
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individual, — and  the  encysted  embryo  being  but  the  result  of  an  unusually 
high  development  of  a  proliferous  cyst. 

598.  The  state  ol  Atrophy  is  in  all  respects  the  very  opposite  of  Hyper- 
trophy j  consisting  in  such  a  reduction  in  the  rate  of  formative  activity 
as  compared  with  that  of  their  '  waste/  that  then*  nutrition  is  no  longer 
maintained  at  its  previous  standard ;  so  that  they  are  gradually  reduced 
in  bulk,  or  degenerate  into  some  inferior  histological  type,  or  (which  is 
the  more  common  occurrence)  undei'go  both  diminution  and  deterioration 
at  the  same  time.    It  is  important  to  bear  in  mind,  that  Atrophy  may 
take  place,  either  locally  or  generally,  from  an  unusually  rapid  disintegra- 
tion of  the  tissues,  uncompensated  by  a  corresponding  increase  in  the  rate 
of  their  nutrition ;  of  the  former  we  have  a  characteristic  example  in  the 
i-apid  reduction  of  the  bulk  of  the  uterus  after  parturition,  and  of  that  of 
the  mammary  glands  after  the  sudden  cessation  of  lactation ;  of  the  latter 
we  see  an  illustration  in  the  rapid  wasting  of  the  system,  which  takes  place 
in  the  irritable  state  that  results  from  excessive  and  prolonged  exertion  of 
body  or  anxiety  of  mind,  especially  when  accompanied  with  want  of  sleep, 
the  increased  disintegi-ation  being  marked  by  the  presence  of  an  unusual 
amount  of  urea  and  of  the  alkaline  phosphates  in  the  m-ine.    But  in  the 
ordinary  forms  of  Atrophy,  there  is  not  merely  a  relative  but  an  absolvie 
reduction  in  the  rate  of  the  formative  process,  or  a  lowering  of  its  stan- 
dard of  perfection ;  and  hei'e  also  we  have  to  look  for  its  causes,  on  the 
one  hand,  in  the  condition  and  supply  of  the  blood,  and,  on  the  other,  in 
the  formative  capacity  of  the  tissues  themselves. — The  Atroj^hy  dependent 
upon  an  insufficient  supply  of  nutritive  materials,  may  be  either  general 
or  partial.    General  atrophy,  or  emaciation,  is  a  necessaiy  result  of  defi- 
ciency of  food ;  but  it  may  also  proceed  from  an  imperfect  performance 
of  the  assimilating  processes,  whereby  the  nutritive  materials  do  not 
receive  their  requisite  elaboration,  as  in  cases  of  disease  of  the  mesenteric 
glands;  or  from  an  unusual  energy  of  the  metamorphic  processes,  whereby 
the  azotized  constituents  of  the  food  are  decomposed  into  exci'ementitious 
products,  without  undergoing  assimilation  at  all,  as  seems  to  be  the  case 
in  diabetes.    Of  the  atrophy  of  a  particular  tissue  consequent  upon  the 
deficiency  of  its  j)roper  materials  in  the  blood,  we  have  an  example  in  the 
reduction  of  the  adipose,  when  there  is  no  surplus  of  fatty  matter  to  serve 
for  its  nutrition,  but  on  the  other  hand  a  withdrawal  of  the  contents  of 
the  fat-cells  into  the  circulating  current,  whilst  the  nutrition  of  the  mus- 
cular and  other  azotized  tissues  may  proceed  with  its  usual  vigour. 
Instances  of  complete  local  atrophy,  or  gangrene,  resulting  fi-om  deficiency 
in  the  supply  of  blood  to  a  part,  are  by  no  means  unfrequent ;  but  it  is 
less  common  to  meet  with  a  prolonged  diminution  in  the  rate  of  nutrition 
from  such  a  cause,  since  a  partial  obstruction  to  the  circulation  is  usually 
removed  after  a  short  time  by  the  enlargement  of  the  collateral  vessels. 
Yet  there  are  peculiar  circumstances  under  which  this  does  not  take 
place;  thus  Mr.  Curling  has  shown  that  atrophy  may  occm*  in  frac- 
tured bones,  in  that  portion  which  is  cut  off  from  the  direct  supply  ot 
blood  through  the  gi'eat  medullary  artery ;  the  circulation  being  restored 
by  anastomosis  to  such  an  extent  as  to  prevent  the  dcatli  of  the  bone,  but 
not  so  completely  as  to  support  vigorous  nutrition.* — The  most  frequent 

*  "  Medico-Chirurgical  Transactions,"  vol.  xx. 
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cause  of  Atroiihy  lies,  however,  in  the  deficiency  of  formative  power  in  the 
tissues  themselves,  arising  from  the  decHne  of  that  capacity  which  they 
inherit  from  the  germ.    This  decline,  as  ah^eady  shown,  talves  place  in  the 
•body  at  lai'ge,  as  a  pai*t  of  the  regular  order  of  things,  with  the  advance  of 
yeai-s,  and  also  normally  occurs  in  particular  organs  at  earlier  periods  of 
life ;  but  it  sometimes  takes  place  prematurely,  either  in  the  body  at  large, 
or  in  particular  organs,  so  that  they  undergo  a  wasting  or  degeneration  with- 
out any  ostensible  cause.    A  remarkable  example  of  this  has  been  already 
refeiTcd-to,  in  the  account  of  Cartilage  (§  253) ;  and  many  similar  cases 
might  be  cited.     There  is  reason  to  believe  that  '  fatty  degeneration,' 
<  the  form  under  which  degeneration  most  commonly  presents  itself  (§  593), 
his  in  reality  far  more  frequent  than  simple  wasting  of  the  tissues;  but  it 
.;attracts  less  notice,  because  their  bulk  is  little  or  not  at  all  diminished ;  and 
(it  is  only  when  their  fonction  becomes  impaired,  that  attention  is  seriously 
■  drawn  to  the  change.    This  form  of  Atrophy  can  seldom  be  attributed  to 
1  antecedent  diminution  in  functional  activity ;  for  it  is  most  common  in 
I  organs  upon  which  there  is  the  most  constant  demand  for  the  energetic 
•performance  of  theii-  respective  duties,  as,  for  instance,  in  the  heart,  the 
( kidneys,  and  the  liver.   But  the  formative  activity  of  Muscles  and  Nerves 
>is  so  closely  dependent,  as  already  several  times  pointed  out,  upon  the 
I  active  exercise  of  their  functional  powers,  that  atrophy  is  certain  to  super- 
rveue  if  this  be  interrupted;  and  this  atrophy  may  or  may  not  present 
;  itself  nnder  the  form  of  fatty  degeneration ;  a  shrinkage  of  the  parts,  con- 

cun'ently  with  the  production  of  an  increased  amount  of  fat  in  them, 
>  bemg  perhaps  the  mode  in  which  it  most  frequently  takes  place.  Atrophy 
■of  one  part,  moreover,  maybe  dependent  upon  atrophy  or  imperfect  func- 
;  tional  activity  of  another,  if  the  two  be  so  related  ia  their  normal  functions, 
i  that  a  decline  of  one  involves  a  corresponding  decline  in  the  other.  Thus 
f  if  a  motor  nerve  be  paralyzed,  the  muscles  which  it  habitually  calls  into 
I' action  will  be  atrophied;  and  this  will  equally  happen,  whether  the  want 
:  of  motor  power  depend  upon  a  deficient  production  of  it  in  the  nervous 
■centres,  or  upon  an  interruption  to  its  conduction  through  the  trunks.* 

On  the  other  hand,  if  the  muscles  of  a  part  undergo  degeneration  from 
:  want  of  use  (as  in  disease  of  the  hip-joint),  the  nerves  which  supply  them 

also  suffer.    The  same  is  the  case  in  regard  to  the  nerves  and  organs  of 

sense :  for  atrophy  of  the  eye  wiU  occasion  atrophy  of  the  optic  nerve, 

I     '  The  Author  has  for  some  time  had  under  his  observation  a  case  in  which  three  males 
of  a  family  have  progressively  become  affected,  between  the  ages  of  3  and  5  years,  with  fatty 
degeneration  of  the  muscles,  which  has  proceeded  in  the  most  advanced  case  to  the  almost 
complete  obliteration  of  their  normal  structure.    This  change  had  been  considered  by  many 
eminent  practitioners  to  be  idiopathic,  that  is,  to  have  its  primary  origin  in  the  muscular 
tissue  ;  and  the  measures  which  had  been  employed  to  arrest  it  had  been  of  no  avail  what- 
ever.   It  was  a  strong  argument,  however,  against  such  a  view  of  the  case,  that,  in  the  Jieaii 
'    of  the  eldest  son,  who  died  of  fever  at  the  age  of  IG,  no  fatty  degeneration  could  be  dis- 
1    covered;  and  on  making  inquiry  into  the  history  of  the  parents  and  their  families,  ample 
;    evidence  was  discovered  for  the  belief,  that  the  disease  was  dependent  upon  want  of  functional 
1    power  in  the  nervous  centres.    Acting  on  this  view,  it  was  recommended  that  the  muscular 
system  should  be  kept  as  much  as  possible  in  a  state  of  active  exercise,  and  that  a  weak 
"  ilvanic  current  should  be  frequently  transmitted  through  the  limbs  from  the  spine.  This 
'■'-•atment  has  proved  so  far  successful,  that  the  progress  of  the  disease  appears  to  have  been 
aiTestcd  in  the  most-advanced  case,  whilst  a  decided  improvement  has  taken  place  iu  the 
"^jndition  of  a  younger  child,  who  was  previously  passing  rapidly  into  a  state  resembling  that 
t  ni8  elder  brothers. 
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and  destruction  of  the  optic  ganglia  will  induce  atrophy  of  the  eyes  and 
optic  nerves.  Even  the  bones  of  a  limb  will  suffer,  in  cases  of  atrophy  of 
the  muscles  consequent  upon  disuse;  for  in  the  case  already  cited  (§313) 
fi'om  Dr.  J.  Reid,  the  bones  of  the  quiescent  limb  only  weighed  81 
grains,  whilst  those  of  the  exercised  limb  weighed  89  grains. — It  is  an 
important  fact,  which  was  first  pointed  out  by  Mr.  Paget,*  that  when 
fatty  degeneration  is  commencing  in  any  tissue  which  is  characterized  by 
the  persistence  of  its  nuclei,  it  is  in  the  nuclei  that  the  first  alterations  are 
seen;  for  they  become  pale  and  indistinct,  and  gradually  disappear  alto- 
gether, almost  before  any  other  change  is  discernible  in  the  contents  of 
the  cells  or  tubes  to  which  they  appertain;  but  in  atrophy  from  mere 
decrease,  this  disappearance  of  the  nuclei  does  not  occur. 

599.  Separative  Process. — The  nutritive  operations  take  place,  with 
extraordinary  energy  and  rapidity,  in  the  process  of  Heparatioti ;  by 
wliich  losses  of  substance,  occasioned  by  injury  or  disease,  are  made  good. 
In  its  most  perfect  form,  this  j)rocess  is  exactly  analogous  to  that  of  the 
Jirst  development  of  the  corresponding  parts ;  and  its  results  are  as  com' 
plete  in  the  one  case  as  in  the  other.    In  fact,  among  the  lowest  tribes  of 
Animals,  we  find  these  two  conditions  blended,  as  it  were,  together;  for 
the  process  of  reparation  may  be  carried  in  them  to  such  an  extent,  as 
to  regenerate  the  whole  organism  from  a  very  small  portion  of  it.  In 
the  Hydra,  or  Fresh-water  Polype,  there  would  seem  to  be  scarcely  any 
limit  to  this  power ;  for,  even  if  the  body  of  the  animal  be  minced  into 
small  fragments,  every  one  of  these  can  produce  a  new  and  perfect 
being.    In  this  manner,  no  less  than  forty  have  been  artificially  generated 
from  a  single  individual. — In  ascending  the  Animal  scale,  we  find  this 
reparative  power  less  conspicuous,  because  limited  in  its  exercise,  to  par- 
ticular tissues  and  to  compai-atively  insignificant  parts  of  the  body;  and 
in  Man,  as  in  other  warm-blooded  Vertebrata,  the  regenerative  power  is 
for  tlie  most  j)art  restricted  in  its  exercise,  as  Mr.  Paget  has  poiuted- 
out,t  to  three  classes  of  parts; — namely,  (1).  "Those  which  are  formed 
entirely  by  nutritive  repetition,  like  the  blood  and  epithelia,  their  germs 
being  continually  generated  de  novo  in  the  ordinary  condition  of  the 
body;  (2).  Those  which  ai*e  of  lowest  organization,  and  (what  seems  of 
more  importance)  of  lowest  chemical  character,  as  the  gelatinous  tissues, 
the  areolar  and  tendinous,  and  the  bones ;  (3).  Those  which  are  inserted 
in  other  tissues,  not  as  essential  to  their  structm-e,  but  as  accessories,  as 
connecting  or  incorporating  them  with  the  other  structm-es  of  vegetative 
or  animal  life,  such  as  nerve-fibres  or  blood-vessels.    With  these  excep- 
tions, injiu'ies  or  losses  are  capable  of  no  more  than  repau'  in  its  limited 
sense;  i.e.  in  the  place  of  what  is  lost,  some  lowly-organized  tissue  is 
formed,  which  fills  up  the  breach,  and  suffices  for  the  maintenance  of  a 
less  perfect  life." — Yet,  even  thus  restricted,  the  operations  of  this  power 
are  frequently  most  remarkable;  and  are  in  no  instance,  perhaps,  more 
strikingly  displayed,  than  in  the  re-formation  and  remodelling  of  an  entire 
bone,  when  the  original  one  has  been  destroyed  by  disease.    That  this 
power  is  intimately  related  to  that  by  which  the  org-anism  is  normally 
built  lip  and  maintained,  is  evident,  not  merely  from  the  peculiar  mode 


*  '  Lectures  on  Nutrition,'  &c.,  in  "Mudical  Gazette,"  1847,  vol.  xl.  pp.  145,  146. 
t  '  Lectures  on  Reproduction  and  Repair,'  in  "  Medical  Gazette,"  1!>49,  vol.  xliii.p- 
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in  which  it  is  exercised, — its  tendency  being  always  to  reproduce  each 
part  in  the  fonn  and  structure  characteristic  of  it  at  the  particular 
periqd  of  life,  and  not  according  to  its  embryonic  type, — but  also  from 
the  fact  that  it  is  more  effectual  in  the  state  of  growth  than  in  the  adult 
condition,  and  that  it  can  do  far  more  in  the  embryonic  state,  when  deve- 
.  lopment  as  well  as  growth  is  taking  place,  than  after  the  developmental 
process  has  ceased.    In  fact,  as  Mr.  Paget  has  pointed  out  (loc.  cit.),  its 
i  amount  at  different  periods  of  existence,  as  in  different  classes  of  animals, 
seems  to  bear  an  inverse  ratio  to  the  degree  of  development  which  has 
already  taken  place.    Thus  it  is  well  known  to  every  Practitioner,  how 
.much  more  readily  and  perfectly  the  lesions  resulting  from  accident  or 
i  disease  are  repau-ed  in  childhood  and  youth,  than  they  are  after  the 
lattainment  of  the  adult  state.    And  there  is  evidence  that  during  em- 
bryonic life,  the  regeneration  of  lost  parts  may  take  place  in  a  degree 
to  which  we  have  scarcely  any  parallel  after  birth ;  for  Prof  Simpson  has 
•brought  together  numerous  cases,  in  which,  after  'spontaneous  amputa- 
ibion'  of  the  limbs  of  a  foetus,  occurring  at  an  early  period  of  gestation, 
there  has  obviously  been  an  imperfect  attempt  at  the  re-formation  of  the 
||  imputated part  from  the  stump;*  and  it  seems  probable,  from  the  history 
of  normal  development,  that  in  the  cases  in  which  perfect  hands  and  feet 
i  iave  been  present  "vvithout  the  corresponding  limbs,  these  hands  and  feet 
I.  lave  been  secondary  productions  from  the  stumps  of  amputated  limbs, 
;  since  any  original  defect  of  development  would  have  affected  the  hands 
iind  feet  rather  than  the  arms  and  legs.    There  are  occasional  instances 
iiowever,  in  which  this  regenerative  power  has  been  prolonged  to  an 
unusually  late  period ;  thus  an  instance  is  recorded,  on  authority  that  can 
scarcely  be  doubted,  of  the  twice-repeated  re-production  of  a  super- 
numerary thumb,  after  it  had  been  twice  completely  removed  ;t  and  the 
Author  has  been  assm^ed  by  a  very  intelligent  Surgeon,  that  he  was 
>;ognizant  of  a  case  in  which  the  whole  of  one  ramus  of  the  lower  jaw  had 
Meen  lost  by  disease  in  a  young  girl,  yet  the  jaw  had  been  completely 
r  egenerated,  and  teeth  were  developed  and  occupied  their  normal  sitiia- 
>ions  in  it.| 

600.  It  has  been  a  general  opinion  among  British  surgeons  (founded 
jipon  what  they  believe,  but  erroneously,  to  have  been  the  doctrine  of 
tlunter),  that  Inflammation  is  essential  to  the  process  of  Keparation. 
ahere  is  no  doubt  that,  as  usually  conducted,  the  healing  of  wounds  is 
Ittended  by  a  greater  or  less  degree  of  Inflammation ;  but  it  does  not 
whence  follow  that  this  morbid  condition  is  essential  to  the  renewal  of  the 
inealthy  state;  and  in  fact  it  can  be  shown  that,  in  the  majority  of  cases, 
<he  occurrence  of  Inflammation  is  injurious  rather  than  beneficial.  It 
wa&  by  Dr.  Macartney  that  the  first  clear  enunciation  of  this  important 
•nith  was  made;  and  his  conclusions,  founded  upon  a  philosophical 

*  '  These  cases  were  brought  by  Prof.  Simpson  before  the  Physiological  Section  of  the 
iirHish  Association  at  its  Meeting  in  Edinburgh,  Aug.  1850.    The  Author,  having  had  the 
"portunity  of  examining  two  living  examples,  as  well  as  Prof.  Simpson's  preparations,  is  per- 
tly satisfied  as  to  the  fact. 

t  See  Mr.  White's  Treatise  on  the  "  Regeneration  of  Animal  and  Vegetable  Substances," 
I '85)  p.  IG. 

+  For  a  sketch  of  the  Regenerative  Process  as  performed  in  different  tribes  of  Animals 
"  Princ.  of  Phys.,  Gen.  and  Comp.,"  §§  645  and  646,  and  the  account  of  each  class  in 
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comparative  survey  of  the  operations  of  Eeparation  and  Inflammation,  as 
performed  in  the  dlfFerent  classes  of  animals, — namely,  "  that  the  powere 
of  reparation  and  reproduction  are  in  proportion  to  the  indisposition  or 
incapacity  for  inflammation;  —  that  inflammation  is  so  far  from  being 
necessary  to  the  reparation  of  parts,  that,  in  proportion  as  it  exists,  the 
latter  is  impeded,  retarded,  or  prevented ; — that,  when  inflammation  does 
not  exist,  the  reparative  power  is  equal  to  the  original  tendency  to  pro- 
duce and  maintain  organic  form  and  structure; — and  that  it  then  be- 
comes a  natural  function,  like  the  growth  of  the  individual,  or  the  repro- 
duction of  the  species,"* — may  be  regarded  as  substantially  correct, 
although  requiring  some  modification  in  particular  cases. 

601.  The  simplest  of  all  the  methods  of  healing  of  an  open  wound,  is 
that  which  is  termed  by  Dr.  Macartney  'immediate  union.'  It  is  often 
seen  in  the  case  of  small  incised  wounds,  such  as  cuts  of  the  fingers,  or 
the  incision  made  in  venesection,  in  which  the  two  edges  can  be  broiight 
into  close  approximation,  so  that  they  gTow  together  without  any  con- 
necting medium  of  blood  or  lymjDh;  but  it  sometimes  occurs  in  larger 
ones,t  and  as  it  is  the  best  imaginable  process,  the  surgeon  ought  to 
favour  it  as  much  as  possible,  by  procuring  the  most  exact  coaptation  of 
the  wounded  parts,  and  by  repressing  any  tendency  to  inflammation, 
which  will  interfere  with  it.  This  is  the  mode  of  union  which  was 
spoken  of  by  John  Hunter  as  '  healing  by  the  first  intention.'  He  sup- 
posed that  the  union  takes  place  through  the  medium  of  the  blood  inter- 
vening between  the  lips  of  the  wound,  which  undergoes  organization  into 
a  connecting  tissue;  but  it  is  now  certain  that  although  blood  may 
become  organized,  especially  when  effiised  into  a  wound  secluded  from 
the  air,  yet  that  its  intervention  rather  opposes  than  favours  healing  by 
immediate  union. 

G02.  That  which  is  commonly  known  amongst  British  Surgeons  as 
'  healing  by  the  first  intention, '  is  that  which  was  designated  by  Hunter 
as  'union  by  adhesion'  or  by  'adhesive  inflammation.'    This  process 
takes  place  in  the  case  of  incised  wounds,  of  which  the  edges  are  not 
brought  into  perfect  coaptation,  or  in  which  some  inflammatory  action  is 
present,  which  gives  rise  to  the  effusion  of  plastic  lymph.    In  either 
case,  the  connection  is  finally  re-established  by  the  organization  of  the 
lymph,  into  which  vessels  pass  from  both  surfaces ;  but  the  intervention 
of  this  bond  is  manifested  in  the  persistence  of  the  cicatrix,  which  is 
quite  distinguishable  by  its  peculiar'  appearance  from  the  surrounding 
tissue.    A  very  good  example  of  this  process,  as  it  takes  place  under 
favourable  circumstances,  is  presented  after  operations  for  hare-lip ;  the 
wound  left  by  which,  however,  may  partly  heal  by  '  immediate  union. 
Even  the  moderate  effusion  of  lymph,  to  a  degi'ee  that  is  altogether  ^ 
salutary,  cannot  be  regarded  as  alone  sufficing,  under  such  circumstances,  j 
to  constitute  Inflammation.    It  is  well  known  that  if  a  slight  wound,  | 
which  is  thus  healing,  be  provoked  to  an  increased  degree  of  inflamma-  j 

L 

*  Dr.  Macartney's  "  Treatise  on  Inflammation,"  p.  7.  ! 

+  Mr.  Paget  mentions  a  case  of  extirpation  of  a  mammary  tumour,  in  which  the  greater  j 
part  of  the  wound  was  found  to  have  healed  after  this  fashion  ;  the  skin  and  fascia  having 
so  firmly  adhered,  that  no  indication  existed  of  their  previous  detachment ;  and  no  effusion 
of  coagulable  lymph,  or  production  of  a  connecting  tissue,  being  dctectible  by  microscopic 
examination. 


REPARATIVE  PROCESS. 


575 


tion,  its  progi-ess  is  interrupted ;  and  all  the  means  which  the  Surgeon 
employs  to  promote  union,  are  such  as  tend  to  prevent  the  accession  of 
this  state. — The  only  case  in  which  the  concurrence  of  Inflammation  can 
be  regarded  as  salutary,  is  that  in  which  there  is  a  deficiency  of  Fibrin  in 
th6'  blood,  causing  a  deficient  organizability  of  the  lymph.    It  has  been 
^seen  that  the  amount  of  fibrin  is  rapidly  increased  by  inflammation: 
ii  and  the  Surgeon  well  knows  that  a  wound  with  pale  flabby  edges,  in  a 
depressed  state  of  the  system,  wiU  not  heal,  imtil  some  degree  of  Inflam- 
.  mation  has  commenced.    But  when  the  inflammatory  state  has  developed 
.  itself,  in  however  trifling  a  degree,  there  is  always  a  risk  of  its  proceeding 
\  farther,  and  occasioning  a  degeneration  of  the  plastic  material,  so  that 
•  the  formation  of  pus-ceUs  and  the  effusion  of  purulent  fluid  take  place, 
:  instead  of  the  development  of  uniting  tissue. 

603.  The  reparation  of  wounds,  in  which  there  has  been  so  great  a  loss 
V  of  substance  that  neither  immediate  union  nor  adhesion  by  a  thin  layer  of 
I  coagailable  lymph  can  take  place,  is  accomplished  by  the  gradual  develop- 
iment  of  new  tissue  from  the  'nucleated  blastema'  with  which  the  cavity 
i  is  fii"st  fiUed.    But  this  may  take  place  in  different  modes,  according  to 
tthe  degree  in  which  it  is  disturbed  by  the  Inflammatory  process;  and  it 
s should  be  the  great  object  of  the  Sm-geon  to  procure  the  most  favourable 
I  method  of  its  performance.    It  has  been  shown  by  Mr.  Paget,  that  the 
1  mode  in  which  the  process  of  fiUing-up  is  accomplished,  differs  essentially 
:  according  as  the  wound  is  subcutaneous,  or  is  exposed  to  air.    In  the 
t  former  case,  the  nucleated  blastema  is  gradually  developed  into  fibrous 
t  tissues  (§  224)  without  any  loss,  and  usually  with  freedom  from  local 
i  inflammation  (beyond  what  may  have  been  requisite  for  the  production  of 
t  the  plastic  fluid),  as  well  as  from  constitutional  irritation.    In  the  latter 
cease,  the  nucleated  blastema  is  developed  into'  cells;  and  those  on  its 
e  exposed  sm-face  are  unable,  either  from  degeneration  or  from  imperfect 
ddevelopment,  to  pass  on  to  any  higher  form  of  organization,  but  take  on 
tithe  chai-acters  of  pus-cells,  and  are  only  fit  to  be  cast  off".    Hence  there  is 
aa  continual  loss  of  plastic  material,  the  amount  of  which,  in  the  case  of  an 
^extensive  suppm-ating  sore,  forms  a  most  serious  drain  upon  the  system ; 
•whilst,  at  the  same  time,  the  local  inflammation  gives  rise  to  more  or  less 
>of  constitutional  disturbance,  and  the  formation  of  new  tissue  is  by  no 
ameans  so  perfect  as  in  the  preceding  case.    In  cold-blooded  animals,  how- 
sever,  the  contact  of  aii*  does  not  produce  this  disturbance;  and  we  see 
iwounds  with  extensive  loss  of  substance  gradually  filled-up  in  them  by 
Itithe  development  of  new  tissue,  without  any  suppuration  or  other  waste  of 
ftiinaterial,  very  much  as  in  the  subcutaneous  wounds  of  warm-blooded  ani- 
Bwuals.    This  method  of  healing,  which  has  been  termed  by  Dr.  Macartney 
■Hhe  'modelling  process,'  is  nothing  else  than  healing  by  gi'anulations 
■mndcr  the  most  favouralsle  circumstances ;  and  to  procure  this  should  be 
^the  endeavour  of  the  Surgeon,  who  too  frequently  considers  suppm-ative 
■j^anulation  as  the  only  means  by  which  an  open  wound  can  be  filled  up. 
Hrhe  difference  between  the  two  modes  of  reparation  is  often  one  of  life 
Kand  death,  especially  in  the  case  of  large  burns  on  the  trunk  in  childi'en; 
Hfor  it  frequently  happens  that  the  patient  sinks  under  the  great  constitu- 
^ftional  disturbance  occasioned  l^y  a  large  suppurating  surface,  although  he 
^Bias  sui-vived  the  immediate  shock  of  the  injury. — Now  the  means  adopted 
^fty  Nature  to  bring  this  about,  in  warm-blooded  animals,  is  the  formation 
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of  a  scab;  which  reduces  the  wound  more  nearly  to  the  condition  of  a 
subcutaneous  one,  so  that  the  reparative  growth  and  formation  of  new 
tissue  takes  place  (under  favourable  ch'cumstances)  without  any  suppura- 
tion, and  with  scarcely  any  irritation ;  the  subsequent  cicatrix,  too,  being 
much  more  like  the  natural  parts,  than  are  any  scars  formed  in  wouilds 
that  remain  exposed  to  the  air.    In  the  Human  subject,  however,  the  pro- 
cess is  far  less  certain  than  it  is  among  the  lower  animals,  owing  to  the 
liability  to  inflammation  in  the  wounded  pai-t,  and  the  consequent  effusion 
of  fluid,  which  produces  pain,  compresses  the  wounded  surface,  or.  forces 
ofi"  the  scab,  with  gi-eat  discomfort  to  the  patient,  and  retardation  of  the 
healing.    Small  wounds,  however,  in  persons  of  good  habit  of  body,  and 
in  parts  which  can  be  comjDletely  kej)t  at  rest,  readily  heal  in  this  manner; 
and  large  wounds  have  been  known  to  close,  in  the  same  desirable  mode, 
beneath  a  clot  of  inspissated  blood.   In  fact,  among  'uncivilized'  nations, 
whose  habits  of  life  are  favourable  to  health, — their  bodies  being  con- 
tinually exposed  to  fresh  air,  their  food  wholesome  and  taken  in  modera- 
tion, and  their  drink  water  or  other  unstimulating  liquids, — there  seems 
to  be  as  great  a  tendency  to  this  method  of  rejDaration  as  among  the 
lower  animals ;  and  the  difficulty  of  procuring  it  among  the  members  of 
'  civilized'  communities  is  owing,  without  doubt,  to  the  unnatural  condi- 
tions under  which  they  too  frequently  live.    Seeing  as  we  continually  do, 
the  effects  of  foul  an*,  of  habitual  excess  in  diet,  and  of  the  constant  abuse 
of  stimiilants,  in  impairing  that  form  of  the  reparative  process  which  must 
be  regarded  as  the  least  favourable,  namely,  the  closure  of  a  wound  by 
suppurating  granulations,  it  is  very  easy  to  comprehend  that,  to  induce 
the  most  favoin-able  method,  the  most  perfect  freedom  from  all  pernicious 
agencies  should  be  requii-ed. 

604.  The  most  effectual  means  of  promoting  this  kind  of  Eeparative 
process,  and  of  preventing  the  interference  of  Inflammation,  vaiy  accord- 
ing to  the  nature  of  the  injury.  The  exclusion  of  air  from  the  surface, 
and  the  regulation  of  the  temperatxire,  appear  the  two  points  of  chief 
importance.  By  Dr.  Macartney,  the  constant  application  of  moistm'e  is 
also  insisted  on.*  He  states  that  the  immediate  effects  of  injuries,  espe- 
cially of  such  as  act  severely  upon  the  sentient  extremities  of  the  nems, 
are  best  abated  by  the  action  of  ''steam  at  a  high  but  comfortable  tem- 
perature, the  influence  of  which  is  gently  stimulant,  and  at  the  same  time 
extremely  soothing.  After  the  pain  and  sense  of  injury  have  passed 
away,  the  steam,  at  a  lower  temperature,  may  be  continued;  and,  accord- 
ing to  Dr.  M.,  no  local  application  can  compete  with  this,  when  the 
Inflammation  is  of  an  active  character.  For  subsequently  restraining 
this,  however,  so  as  to  promote  the  simple  reparative  process.  Water- 
dressing  will,  he  considers,  answer  sufficiently  well;  its  principal  object 
being  the  constant  production  of  a  moderate  degree  of  Cold,  which  dimi- 
nishes, whilst  it  does  not  extingaiish,  sensibility  and  vascular  action,  and 
allows  the  Eeparative  process  to  be  carried-on  as  in  the  inferior  tribes  of 
animals.  The  reduction  of  the  heat  in  an  extreme  degree,  as  by  the 
application  of  ice  or  iced  water,  is  not  here  called  for,  and  would  be  posi- 
tively injurious;  since  it  not  only  renders  the  existence  of  Inflaniination 
in  the  pai't  impossible,  but,  being  a  direct  sedative  to  all  vital  actions, 

*  "  Treatise  on  Inflamm.ation,"  p.  178. 
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suspends  also  the  process  of  restoration.  The  efficacy  of  Water-dressing 
in  injuries  of  tlie  severest  character,  and  in  those  which  are  most  likely  to 
be  .attended  with  violent  Inflammation  (especially  wounds  of  the  large 
joints)  has  now  been  established  beyond  all  question ;  and  its  employ- 
ment is  continually  becoming  more  general.  — Other  plans  have  been 
'  proposed,  however,  which  seem  in  particular-  cases  to  be  equally  effectual. 

■  To  Dr.  Greenhow,  of  Newcastle,  for  instance,  it  was  accidentally  sug- 
.  gested,  a  few  years  since,t  to  cover  the  sm-face  of  recent  burns  with  a 

■  liquefied  resinous  ointment,  so  as  to  form  an  artificial  scab ;  and  he  states 

■  that  in  this  manner  sujDpuration  may  be  prevented,  even  where  large 
-  sloughs  are  formed ;  the  hollow  being  gradually  filled  up  by  new  tissue, 
\  which  is  so  like  that  which  has  been  destroyed,  that  no  change  in  the  sur- 
t:face  manifests  itself,  and  none  of  that  contraction,  which. ordinarily  occurs 
;  even  under  the  best  management,  subsequently  takes  place.  A  plan  has, 
i  moreover,  been  proposed  for  preventing  suppuration,  and  promoting 
I  reparation  by  the  'modelling'  process,  which  consists  in  the  application  of 
i  toann  dry  air  to  the  wounded  sm^face.    Although  the  experiments  yet 

jniblished  have  not  been  entirely  satisfactory,  they  seem  to  show  that, 
Avhilst  the  process  of  healing  may  be  slower  under  treatment  of  this  kind, 
rit  is  attended  with  less  constitutional  disturbance  than  is  often  unavoid- 
able in  the  ordinary  method;  and,  that  it  may,  therefore,  be  advan- 
tageously put  in  practice  in  those  cases,  in  which  the  condition  of  the 
\  [latient  requires  every  precaution  against  such  an  additional  burthen, — 
las  after  amputation  in  a  strumous  subject. ;}: 

605.  When  the  process  of  healing  of  an  open  wound  by  Suppurative 
^Granulation  is  attentively  watched,  it  is  seen  that  the  first  stage  is  the 
"ormation  of  a  "glazing"  on  the  exposed  surface,, which  closely  resembles 
I '-he  buffy  coat  of  the  blood,  being  composed  of  coagulated  fibrin  and 
••  ioloiuiess  corpuscles ;  in  this  manner  a  sort  of  imperfect  epithelium  may 
oe  formed  within  half  an  hour  after  the  surface  has  been  laid  bare.  The 
increase  of  this  glazing  is  the  prelude  to  the  formation  of  granulations; 
•  >ut  whilst  it  is  going  on,  there  is,  in  and  about  the  wound,  an  appearance 
;>f  eomjjlete  inaction,  a  sort  of  calm,  in  which  scarcely  anything  appeal's 
xcej)t  a  slight  oozing  of  serous  fluids  from  the  wound,  and  which  con- 
inues  from  one  day  to  eight,  ten,  or  more,  accoixling  to  the  nature  and 
>  xtent  of  the  wounded  part,  and  the  general  condition  of  the  body,  "This 
.aim,"  says  Mr.  Paget,  "may  be  the  brooding-time  for  either  good  or  evil; 
*vhil8t  it  lasts,  the  mode  of  union  of  the  wound  will,  in  many  cases,  be 
termined;  the  healing  may  be  perfected,  or  a  slow  uncertain  process  of 
I 'air  may  be  but  just  begun;  and  the  mutual  influence  which  the  injury 
I'l  the  patient's  constitution  are  to  exercise  on  one  another,  appears  to 
"  manifested  more  often  at  or  near  the  end  of  this  period,  than  at  any 
lier  time."    The  cessation  of  this  period  of  calm,  and  the  active  com- 
■nccment  of  the  reparative  operations,  are  marked  by  the  restoration  of 
.1-!  flow  of  blood  in  the  vessels  of  the  wounded  part;  but  the  current  is 
"t  altogether  normal,  being  slower  but  fuller  than  natural,  so  that  on  the 
liole  more  blood  than  usual  passes  through  the  capillary  plexus.  This 

Soe  an  account  of  the  results  of  this  treatment  by  Dr.  Gilchrist,  in  "  Brit,  and  For  Med 
W  .bily,  Ui4G,  p,  242. 
\  '\  Mctliciil  (Jazette,"  Oct.  13,  IH.'JS. 

'  See  M.  Jules  Guyot  "  Uo  I'lunploi  de  la  Clialeur  dans  le  Traitement  des  Ulcercs,  &c." 
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increased  afflux  of  blood  is  followed  by  effusion  of  plastic  material  in 
increased  proportion ;  and  it  is  from  this  effusion,  that  the  granulating 
process  properly  commences. — The  plastic  material  effnsed  upon  the  sur- 
face of  an  open  wound  is  first  developed  into  cells ;  and  these  cells,  in  the 
deeper  portions  of  the  efiFusion,  are  metamorphosed  into  fibrous  tissue,  of 
which  the  substance  of  the  granulations  is  composed.  Those  which  are 
formed  upon  the  surface,  however,  are  converted  into  pus-cells  (§  G14);  iu 
some  instances  (as  Mr.  Paget  has  pomted  out)  by  degeneration  fi'om  a  higher 
development ;  in  other  cases  by  an  originally  imperfect  development ;  and 
thus  the  granulation-sm'face  is  constantly  in  a  state  of  morbid  action,  and 
a  large  proportion  of  the  plastic  material  is  completely  wasted.  The  layer 
of  pus,  however,  sei'ves  as  a  sort  of  epithelium  for  the  subjacent  granular 
tion-tissue,  in  which  we  find  not  only  a  complete  formation  of  cells,  but  a 
commencement  of  the  metamorphosis  of  these  cells  into  fibres,  before 
blood-vessels  make  their  appearance  in  the  tissue.  These  blood-vessels 
are  formed  by  "out-growth"  from  the  subjacent  capiUai-ies,  in  the  mode 
formerly  described  (§  295).  From  the  investigations  of  Mr.  Liston,  it 
appears  that  the  vessels  of  the  subjacent  tissue  are  much  enlarged,  and 
assume  a  varicose  character.  The  bright  red  colour  of  the  gi-anulatious, 
however,  does  not  depend  on  their  vascularity  alone ;  for  the  cells  them- 
selves, especially  those  most  recently  evolved,  are  of  nearly  as  deep  a  colour 
as  the  blood-corpuscles;  and  the  sanguineous  exudation  which  follows 
even  the  slightest  touch  of  the  granulating  surface,  does  not  proceed  fi-om 
blood  effused  from  the  newly-formed  vessels  only ;  for  the  red  fluid  shed  in 
this  manner  contains,  besides  blood-discs,  newly-developed  red  cells,  ruddy 
cytoblasts,  pale  granules,  and  reddish  serum.  It  is  a  common  property 
of  animal  cytoblasts,  that  they  present  a  reddish  colom'  on  their  first  foma- 
tiou,  when  in  contact  with  oxygen ;  but  this  hue  they  lose  again,  whether 
they  advance  to  perfect  development  and  become  integral  parts  of  a  living 
tissue,  or  die  and  degenerate. 

606.  The  process  of  Suppmutive  Granulation,  then,  appears  to  differ 
from  the  process  of  granulation  as  it  takes  place  in  closed  wounds,  or  in  a 
warm  moist  atmosphere  (the  "modelling  process"  of  Dr.  Macartney), 
essentially  in  this — that  a  lai'ge  part  of  the  exudation-corpuscles  deposited 
on  the  wounded  surface  degenerates  into  pus  in  the  former  case,  whilst 
none  are  thus  wasted  in  the  latter : — but  that  the  existence  of  inflamma- 
tion occasions  a  more  copious  supply  of  fibrin  in  the  former  case,  and 
increases  its  tendency  to  become  organized ;  the  fiUing-up  of  a  wovmd  with 
granulations  being  thus  a  much  more  rapid  process,  than  that  renewal  of 
the  completely-formed  tissues,  which  may  take  place  in  the  absence  of 
inflammation.  The  imperfect  character  of  the  granulation-structm-e  is 
shown,  by  the  almost  comiDlete  disappearance  of  it  after  the  wound  has 
closed  over.  The  portion  of  it  in  immediate  contact  mth  the  subjacent 
tissue,  however,  appears  to  rmdergo  a  higher  organization ;  for  it  becomes 
the  medium  by  which  the  cicatrix  is  made  to  adhere  to  the  bottom  of  the 
wound.  It  is  very  liable  to  undergo  changes  which  end  in  its  disintegi-a- 
tion ;  as  is  evident  from  the  known  tendency  to  re-opening,  in  woimds 
that  have  been  closed  in  this  manner. 

607.  When  two  oj^posite  sm-fiices  of  granulations,  well  developed,  but 
not  yet  covered  with  cuticle,  are  brought  into  apposition,  they  have  a 
tendency  to  unite,  like  the  two  original  surflices  of  an  incised  womid. 
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This  method  of  imion,  which  was  noticed  by  John  Hunter,  has  been 
ai>propriately  termed  '  secondary  adhesion'  by  Mr.  Paget.  The  surgeon 
may  frequently  have  recourse  to  it  with  great  advantage,  when  pri- 
mary adhesion  is  impossible,  and  when  the  filling-up  of  the  wound  with 
granulations  would  be  a  tedious  process,  and  very  exhausting  to  the 
patient.  In  aj^plying  it  to  practice,  it  is  essential  to  success,  first,  that 
the  granulations  should  be  healthy,  not  inflamed  or  profusely  secreting, 
nor  degenerated  as  those  in  sinuses  commonly  are  j  and  secondly,  that  the 
contact  between  them  should  be  gentle  but  maintained :  it  seems  desir- 
able, also,  that  the  granulation-surfaces  should  be  as  much  as  possible  of 
equal  development,  and  alike  in  character.* 

3. — Abnormal  Forms  of  the  Nutritive  Process. 

608.  Under  the  preceding  head,  we  have  considered  the  chief  variations 
in  the  degree  of  activity  that  are  witnessed  in  the  ordinary  or  normal 
conditions  of  the  Nutritive  process, —  those  conditions,  namely,  in  which, 
the  products  are  adapted,  by  their  similarity  of  character,  to  replace  those 
which  have  been  removed  by  disintegration.    But  we  have  now  to  con- 
sider those  forms  of  this  process, — in  which  the  products  are  abnormal, — 
being  different  from  the  tissues  they  ought  to  replace.    We  shall  confine 
om'selves  to  a  brief  examination  of  a  few  of  some  of  th.e  most  important 
of  these  states;  and  that  which  first  claims  om*  consideration,  on  account 
-  of  the  frequency  of  its  occurrence  and  the  importance  of  its  results,  is 
i  Inflammation. — Although  Pathologists  have  been  accustomed  to  look  for 
;  the  'proximate  cause'  of  the  phenomena  w^hich  essentially  constitute  the 
;  Inflammatory  state,  or,  in  other  words,  for  the,  first  departure  from  the 
1  normal  coiu-se  of  vital  action,  in  the  enlarged  or  contracted  dimensions  of 
t  the  blood-vessels  of  the  inflamed  part,  or  in  the  altered  rate  of  movement 
(  of  the  blood  through  it,  yet  it  may  now  be  safely  afl&rmed  that  these  are 
(  only  secondary  alterations,  depending  upon  an  original  and  essential  per- 
1  version  of  that  normal  reaction  between  the  blood  and  the  tissues,  which 
constitutes  the  proper  Nutritive  process.   This  perversion  manifests  itself 
(1)  in  a  diminution  in  the  formative  activity  of  the  tissues,  leading  to 
their  degeneration  and  death ;  (2)  in  a  tendency  to  augmented  production 
f  the  plastic  components  of  the  blood;  and  (3)  in  the  effusion  of  these 
'  'jmponents,  either  in  a  state  in  which  they  may  pass  into  a  low  form  of 
'Tganized  tissue,  or  in  such  a  degraded  condition  that  they  are  altogether 
norganizable,  and  ai*e  fit  only  to  be  cast  out  of  the  body.    Each  of  these 
I'henomena  requires  a  separate  examination,  both  as  to  its  causes  and  its 
■onscquences, 

GOO.  Although  it  has  been  customary  to  speak  of  Inflammation  as  a 
tate  of  '  increased  action'  in  the  part  affected, — of  which  increased  action 
lie  augmentation  in  the  bulk  and  weight  of  an  inflamed  part,  and  in  the 
lUantity  of  blood  which  passes  through  it,  together  with  its  higher  tem- 
orature  and  more  acute  sensibility,  would  seem  to  furnisli  sufficient 
vidcnce, — yet  all  these  signs  arc  found  to  be  deceptive  when  they  arc 
lore  closely  examined;  and  the  conclusion  is  forced  upon  us,  that  the 

*  On  the  whi)lo  Huljjcct  of  tlio  Reparative  Proccssca,  sec  the  admirable  Lectures  of  Mr. 
'igct,  in  the  "•Medical  Gazette,"  1849;  from  which  many  of  the  foregoing  statements  and 
^  'ctrines  are  adopted. 
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vital  power  of  the  part  is  really  depressed  rather  than  exalted.    For  the 
increase  iu  bulk  and  weight  is  not  due  to  such  an  augmentation  of  its 
proper  tissue  as  would  truly  constitute  Hypertrophy;  on  the  contrary, 
even  in  the  slightest  forms  of  Inflammation  there  is  such  a  diminution  in 
the  rate  of  its  nutrition  as  really  constitutes  Atrophy ;  and  such  augmen- 
tation of  the  solid  mass  as  may  take  place,  is  produced  by  the  passage  of 
the  effused  fluid  into  an  organized  tissue  of  the  lowest  kind,  and  this  in 
virtue  rather  of  its  own  plasticity,  than  of  the  vital  force  which  it  derives 
from  the  tissues  which  it  infiltrates.    That  there  has  been  an  atrophy 
rather  than  a  hypertrophy  of  the  proper  fabric  of  the  part,  becomes 
evident  enough  when  the  inflammation  has  passed  away,  and  this  newly- 
formed  tissue  undergoes  degeneration  and  absorption.    The  oulj'^  tissues 
in  which  there  is  any  appearance  of  increased  formation  during  the 
inflammatory  state,  are  those  which  correspond  in  their  low  type  of 
organization  with  the  new  tissue  thus  generated ;  namely,  the  areolar  and 
otlier  simple  fibrous  tissues,  and  also  tlie  osseous,  of  which  the  organized 
basis  is  of  the  same  kind.    When  the  Inflammation  is  more  severe,  the 
tendency  to  degeneration  iu  the  proper  tissues  of  the  part  becomes  very 
obvious ;  for  it  is  by  their  interstitial  decay  and  removal,  that  the  cavity 
of  an  abscess  is  formed ;  it  is  by  their  superjicial  death  and  absorption  or 
solution,  that  idceration  takes  place ;  and  it  is  in  the  death  of  a  whole 
mass  at  once,  that  gangrene  consists. — That  a  diminution  in  the  forma- 
tive activity  of  the  tissues  is  an  essential  characteristic  of  the  Inflamma- 
tory state,  further  appears  from  the  study  of  its  aetiology ;  for  whether 
the  causes  to  which  the  inflammatory  attack  may  be  traced  are  local  or 
genercd,  acting  primarily  upon  the  tissues  of  the  part,  or  first  affecting  the 
blood,  their  operation  is  essentially  the  same.    For  the  loccd  causes  are 
all  obviously  such  as  tend  either  directly  to  depress  the  vital  powers,  or 
to  elevate  them  at  first,  and  then  to  depress  them  by  exhaustion.    Of  the 
former  kind  are  cold  and  mechanical  injurj'' ;  also  many  chemical  agents, 
whose  operation  tends  to  bring  back  the  living  tissues  to  the  condition  of 
inorganic  compounds.    Under  the  latter  category  are  to  be  ranked  all 
those  agencies  which  produce  over-exertion  of  the  functional  power  of  the 
part,  amongst  which  may  be  named  heat,  when  not  too  excessive  to  pro- 
duce a  directly  destructive  effect.    Now  cold,  heat,  chemical  agents,  and 
mechanical  injury,  when  operating  in  sufficient  intensity,  at  once  hill  the 
pai't,  by  entirely  destroying,  instead  of  merely  depressing,  its  vital  powei's ; 
and  it  is  on  the  borders  of  the  dead  part,  where  the  cause  has  acted  with 
less  potency,  that  we  find  the  inflammatory  state  subsequently  preseutmg 
itself    On  the  other  hand,  there  can  be  no  doubt  that  many  inflamma- 
tions have  their  origin  in  morbid  conditions  of  the  blood,  which,  without 
any  other  cause  whatever,  may  determine  aU  the  other  phenomena. ^  Ihis 
is  most  obvious  with  regard  to  those  of  a  'specific'  kind;  but  it  is  also 
probably  true  of  the  majority  of  the  so-called  spontaneous  or  constitu- 
tional, as  distinguislied  from  traumatic  inflammations.    We  seem,  iudeea, 
to  be  able  to  trace  a  regular  gradation  between  inflammatory  attacks 
which  are  entirely  traceable  to  the  introduction  of  a  poison  ,^ 
blood,  and  those  which  result  from  causes  pm-ely  local.    Under  the  nib 
head  we  may  unquestionably  rank  such  inflammatory  diseases  as  are  pio- 
duceablc  by  inoculation,  the  eruptive  fevers  for  exami^le;  and  scai'ce) 
less  thoroughly  demonstrated  are  the  cases  of  rheumatism  and  gout,  an 
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mauy  inflammations  of  the  cutaneous  textures,  which,  when  occurring  in 
the  chronic  form,  tend  to  exhibit  a  regular  symmetry  (§  201).    In  all 
such  cases,  the  local  alfections  are  the  external  signs  of  the  general  affec- 
tion" of  the  blood,  just  as  are  the  inflammations  produced  by  the  introduc- 
tion of  arsenic  or  of  other  iriitant  poisons  into  the  circulation ;  and  they 
may  in  fact  be  reasonably  attiibuted  to  the  impairment  of  the  foi-mative 
activity  of  the  pai-ts  upon  which  these  poisons  fix  themselves,  in  virtue  of 
their  '  elective  afl&nity'  (§  207),  just  as  the  peculiar  functional  activity  of 
the  neiTOus  centres  is  affected  by  narcotic  poisons.    And  this  view  of  the 
really  local  action  of  what  ai-e  primarily  regarded  as  general  or  constitu- 
tional causes  of  inflammation,  is  confirmed  by  the  fact,  that  the  localiza- 
tion of  the  perverted  nutritive  condition  is  often  determined  (as  Dr.  W. 
Budd  and  IMi-.  Paget  have  remarked)  by  a  previous  or  concurrent  weak- 
ening or  depression  of  the  vital  activity  of  the  pai't.    Thus  a  part  which 
has  been  the  seat  of  former  disease  or  injury,  and  which  has  never 
recovered  its  vigour  of  nutrition,  is  always  more  liable  than  another  to 
>be  the  seat  of  local  manifestation  of  blood-disease  j  it  is,  in  common 
language,  the  'weak  part.'*    And  it  frequently  needs  the  concurrent 
operation  of  a  local  depressing  cause,  to  fix  and  develope  the  action  of  the 
constitutional  cause,  or  blood-disorder;  thus,  a  rheumatic  or  gouty  dia- 
t  thesis  may  exist  for  some  time  (as  when,  to  use  a  common  expression, 
ithe  disease  is  'flying  about'  the  patient),  and  yet  the  poison  may  not 
have  sufficient  potency  to  produce  an  attack  of  acute  inflammation,  until 
the  vitality  of  some  particular  organ  becomes  depressed  by  cold,  over- 
:>exei*tion,  or  some  similar  influence,  which  would  not  have  itself  engen- 
dered the  diseased  action,  had  it  not  been  for  the  concurrence  of  the 
iinorbid  condition  of  the  blood. — Thus  we  seepi  justified  in  concluding, 
I'Dhat,  whether  the  causes  of  Inflammation  act  directly  uj)oii  the  tissues  of 
I  part,  or  whether  they  act  upon  it  through  the  intermediation  of  the 
■l  )lood,  their  effect  is  to  produce  a  depression  in  its  vital  powers,  which 
'  nanifests  itself  in  a  deficient  formative  activity,  and  in  an  increased  ten- 
lency  to  degeneration  ;  and  that  this  is  one  of  the  primary  and  essential 
ionditions  of  Inflammation. 

610.  This  view  is  by  no  means  inconsistent  with  other  manifestations  of 
inflammation  which  have  been  supposed  to  indicate  'increased  action;' 
md,  in  fact,  it  is  in  such  striking  accordance  with  the  jDhenomena  pre- 
1  ited  by  the  movement  of  the  blood,  when  these  are  interpreted  by  the 
•rinciplcs  already  laid  down,  as  to  afford  a  powerful  confirmation  to  both 
l'>ctriues.  The  usual  condition  of  the  vessels  of  an  inflamed  part  is  one 
'f  dilatation;  and  this  maybe  fairly  attributed  to  the  lowered  vitality 
'f  their  walls,  whereby  they  yield  too  readily  to  the  distending  force  of 

*  A  patient  under  Dr.  W.  Budd's  care  had  Small-pox  soon  after  a  fall  on  the  nates ;  the 
ntules  were  thinly  scattered  every  where,  except  in  the  seat  of  former  injury,  and  on  this 
•y  were  crowded  as  thickly  as  possible.    So  a  man  who  was  under  Mr.  Paget's  care  with 
ionic  inflammation  of  the  synovial  membrane  of  the  knee-joint,  and  general  swelling  about 
■  having  been  attacked  with  Measles,  the  eruption  over  tlie  diseased  knee  was  a  diffused 
ii^ht  scarlet  rash.    So  Impetigo  appears  about  blows  and  scratches  in  unliealthy  cliildren, 
'I  Erysipelas  first  attacks  the  seat  of  local  injury  in  men  with  uiihoaithy  blood.  Perhaps 
^'ood  an  example  as  any  is  afforded  by  the  uniform  limitation  of  the  inflammation  conse- 
"•nt  upon  the  introduction  of  Vaccine  matter  into  the  blood,  to  the  sjiots  in  which  the 
'iicturc  was  made;  notwitlist^inding  that  tlie  whole  mass  of  blood  is  aifected  by  it,  as  is 
">wn  by  its  incapacity  for  subsequently  developing  the  poison  of  sniull-pox.  ' 
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the  current  of  blood.  But  this  ciu-rent  moves  too  slowly ;  and  its  retar- 
dation may  gradually  increase,  in  tlie  part  most  intensely  inflamed,  to  the 
point  of  complete  stagnation.  Now  this  altered  rate  of  movement  cannot 
be  attributed  to  any  general  cause :  nor  can  it  be  accounted-for  by  the 
change  in  the  diameter  of  the  vessels ;  for,  on  the  one  hand,  it  may  occur 
with  a  constricted  state  of  the  vessels,  whilst,  on  the  other,  in  the  vessels 
surroimdiug  the  inflamed  part,  which  pai'take  of  the  dilated  condition, 
the  flow  of  blood  is  so  far  from  being  retarded,  that  it  usually  takes  place 
more  rapidly  than  usual.  But  it  may  be  fairly  considered  as  the  result  of 
the  lowered  or  suspended  nutritive  activity  of  the  pai"t,  which  will  tend 
to  retard  or  entirely  check  the  motion  of  blood  in  the  systemic  caiiillaiies, 
just  as  the  want  of  aeration  retards  or  checks  the  pulmonary  circulation 
(§  527).  It  is  quite  tnie  that  alarger  amoiuit  of  blood  passes  through  alimb, 
o{  which  some  part  is  in  a  state  of  active  inflammation,  than  passes  through 
the  corresponding  sound  limb ;  but  this  is  far  from  indicating  '  increased 
action'  in  the  inflamed  part,  being  dependent  upon  the  augmented  flow  of 
blood  through  the  tissues  which  suiTOund  it;  and  if  the  whole  of  a  limb 
be  in  a  state  of  inflammation  passing-on  to  gangrene  (as  occurs  when  a 
'  frost-bitten'  limb  has  been  incautioiisly  warmed),  the  amount  of  blood 
which  passes  through  it  is  dimiuislied.— It  would  be  just  as  eiToneous  to 
assume  the  elevated  temperature  of  an  inflamed  part  as  a  sign  of  'in- 
creased action '  in  it ;  for  this  elevation  is  no  doubt  attributable  in  part 
to  the  augmented  flow  of  blood  through  the  surrounding  vessels ;  and,  so 
for  as  it  depends  upon  local  changes,  it  obviously  indicates  a  more  rapid 
disintegi'ation  of  tissue,  rather  than  a  more  energetic  production  of  it; 
since  it  is  in  the  former  state  rather  than  in  the  latter,  that  the  con- 
ditions of  tlie  development  of  heat  (on  the  chemical  theory)  are  supjilied,  |{ 
as  we  see  that  the  heat  of  a  muscle  is  the  greatest  when  it  is  being 
disintegrated  by  active  exercise  (§  330),  not  wheir  it  is  being  repaired  by 
the  formation  of  new  tissue  in  the  intervals  of  repose.  But,  as  Mr. 
Paget  justly  remarks,  "this  phenomenon  is  involved  in  the  same  difiicidty 
as  are  all  those  that  concera  the  local  variations  of  temperature  in  tlie 
body;  difficulties  which  the  doctrines  of  Liebig,  however  good  for  the 
general  production  of  heat,  ai-e  quite  unable  to  explain."  (See  chap. 
xin.) — And  lastly,  with  regai'd  to  the  unusual  tenderness  of  inflamed 
parts,  this  is  obviously  due  to  such  a  combinntion  of  causes,  none  of  i 
which  can  be  legitimately  held  to  indicate  an  increase  of  its  proper  vital  f 
activity,  that  nothing  can  be  rested  on  this  alone ;  especially  as  we  see 
an  augmentation  in  the  susceptibility  of  the  sentient  nerves,  under  many 
circumstances  (as  in  hysterical  disorders),  in  which,  far  from  an  augmented 
there  is  obviously  a  diminished  activity  in  the  parts  from  which  they 
spring. — That  neither  an  alteration  in  the  circulation  of  a  part,  nor  a 
departure  from  the  normal  condition  of  its  nervous  supply,  can  be 
regarded  as  one  of  the  essential  phenomena  of  inflammation,  is  obvious 
from  this,  that  the  most  important  phenomena  of  inflammation  may 
present  themselves,  as  results  of  injury  or  disease,  in  parts  that  have 
neither  blood-vessels  nor.,nerves :  this  is  seen  in  the  deposition  of  lyi^ip 
in  the  cornea,  in  the  ulceration  of  the  cornea  and  of  ai'ticidai'  cartilages, 
and  in  other  morbid  actions  in  these  pai'ts,  which,  if  ever  they  aie  ; 
vascular,  become  so  only  after  the  eff'usion  of  lymph  in  them,  the  new 
vessels  being  formed  in  tliis  lymph,  and  not  in  the  tissues  themselves. 


ABNORTMAL  FORMS  OP  THE  NUTRITIVE  PROCESS.  INFLAMMATION.  583 

Here  it  is  obvious  that  the  whole  change  consists  in  a  perversion  of  the 
nutritive  actions  which  the  tissues  ought  to  -  carry-on,  at  the  expense  of 
the  niaterials  which  they  draw  from  the  blood  of  the  suiTounding  vessels 
.(§§  253,  254). 

611.  Of  the  alterations  in  the  condition  of  the  Blood  in  Inflammation, 
an  account  has  already  been  given  (§§  171-177);  and  it  is  here  only 

[f  necessary  to  recapitulate  them.    The  most  characteristic  is  the  augmeu- 
;.tatiou  either  of  the  organizable  or  plastic  fibrin,  or  of  the  organized 
colourless  corpuscles;  the  increased  production  of  these  two  compo- 
nents seeming  to  beai'  in  some  degree  a  relation  of  reciprocity,  the  one 
to  the  other.    The  increase  of  Fibrin  may  be  considered  as  the  alteration 
iimost  characteristic  of  a  previously  healthy  and  vigorous  state  of  the 
system ;  and  it  is  in  the  inflammations  which  occur  in  such  subjects, 
that  the  efiusions  ai^e  most  strongly  disposed  to  become  organized,  and 
show  the  least  tendency  to  undergo  degenerative  changes.    On  the  other 
.  hand  the  increase  of  the  Corpuscular  element  seems  to  occur  in  cachectic 
>or  otherwise  unhealthy  individuals;  and  the  inflammatory  effusions, 
which  partake  of  the  same  character,  are  far  less  plastic  originally,  and 
rare  extremely  prone  to  undergo  degeneration,  either  at  the  time  of  their 
:T8lfusion,  or  subsequently.    With  this  increase  in  the  proportion  of  fibrin 
land  colourless  corpuscles,  separately  or  in  combination,  there  is  a  dimi- 
;  Qution  in  the  proportion  of  the  red  corpuscles,  albumen,  and  salts  of  the 
i  blood.    None  of  these  changes,  however,  can  be  legitimately  regarded  as 
I  originally  or  essentially  characteristic  of  the  inflammatory  condition; 
-they  are,  in  fact,  to  be  looked-on  rather  as  the  results  of  its  establishment, 
•  constituting  that  series  of  alterations  in  the  circulating  fluid,  which  is  of 
y.  parallel  order  to  that  which  occurs  in  the  solid  iissues  wherein  the  inflam  ■ 
iiaiatory  action  has  been  set  up. 

612.  The  Inflammatoiy  state  is  further  characterized  by  the  effusion 
f)f  certain  of  the  components  of  the  Blood,  upon  the  surface,  or  into  the 
;iubstance,  of  the  inflamed  tissues. — The  efiusion  of  pure  serum  cannot 
je  regarded  as  characteristic  of  inflammation ;  since  it  may  take  place  as 
I  mere  result  of  congestion,  especially  when  this  congestion  is  due  to  an 
)b8truction  to  the  return  of  the  blood ;  whilst,  again,  it  may  be  due  to 
m  altered  condition  of  the  albuminous  constituent  of  the  blood,  which 
favoiu-s  its  transudation  (§  167).    The  so-called  serous  effusions  which 
ire  poured  forth  in  inflammation,  do  in  reality  contain  fibrin  in  solution ; 
but  this  fibrin  may  not  manifest  its  presence  by  spontaneous  coagulation, 
intil  its  passage  into  the  solid  state  is  favoured  by  some  extraneous  in- 
luence  (§  26).    The  presence  of  fibrin  in  such  an  effusion,  however,  is 
lot  in  itself  a  sufficient  proof  of  the  existence  of  inflammation ;  for  it 
I. IS  been  shown  by  the  experiments  of  Mr.  Robinson,*  that  when  the 
'ostruction  to  the  return  of  blood  by  the  veins  is  so  gTcat  as  to  occasion 
tu  excessive  pressure  within  the  capillaries,  the  fluid  which  transudes 
'lay  contain  enough  fibrin  to  render  it  spontaneously  coagulable. — The 

i  m  of  exudation  which  is  most  characteristic  of  Inflammation,  is  that 
v  liich  is  known  as  coagulahle  lymiih;  it  is  much  to  be  desired,  however, 
I  lilt  some  other  designation  should  be  applied  to  it,  since  the  term 
l.vinph'  can  only  be  approj)riatcly  employed  for  the  fluid  contents  of  the 

*  "Medico-Chirurgiciil  Transactions,"  vol.  xxvi.  p.  51. 
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lymphatic  vessels.  The  peculiar  characteristic  of  this  inflammatory 
exudation,  is  its  capability  of  spontaneously  passing  into  the  condition  of 
an  organized  tissue,  either  fibrous  or  cellular,  or  a  mixture  of  both ;  and 
of  thus  forming  'false  membranes'  on  inflamed  surfaces,  or  solidifying  the 
inflamed  part  by  the  interstitial  production  of  similar  lowly-organized 
textures.  Although  it  has  been  too  much  the  habit  of  Pathologists  to 
speak  of  'coagulable'  or  'plastic  lymph'  as  if  it  were  always  one  and  the 
same  thing,  yet  it  really  presents  various  gradations  of  character,  which 
are  manifested  in  its  different  degrees  of  organizability,  and  in  the  diverse 
nature  of  the  tissues  developed  from  it ;  and,  as  Mr.  Paget  has  pointed 
out,*  there  are  tAvo  typical  forms,  the  fibrinous,  and  the  corjniscular, 
between  which  the  others  are  intermediate.  Tlie  former  coagulates  into 
a  fibrous  clot,  resembling  that  of  healthy  blood,  but  usually  showing  a 
more  distinct  fibrillation.  The  latter  (the  'croupous'  exudation  of 
Rokitansky)  is  characterized  by  the  want  of  any  proper  coagulation,  the 
fibrous  clot  being  replaced  by  an  aggregation  of  cells,  which  in  their  first 
appearance  resemble  very  nearly  the  primordial  condition  of  the  corpuscles 
uf  the  fluids  of  the  absorbent  vessels,  and  the  coloiu-less  corpuscles  of 
the  blood.  It  is  seldom,  however,  that  either  of  these  typical  forms  of 
lymph  presents  itself  in  a  state  of  complete  isolation  from  the  other; 
tliey  are  much  more  commonly  blended  in  various  proportions,  so  that 
one  or  the  other  i^redominates ;  and  it  is  mainly  upon  the  preponderance 
of  fibrin,  that  the  'plasticity'  of  the  exudation  (or  its  capacity  for  orgar- 
nization)  depends;  whilst  according  to  the  prepondei'ance  of  corpuscles 
will  be  its  tendency  to  degeneration.  Thus  the  exudation  of  fibrinous 
lymph  is  the  symbol  of  the  'adhesive'  inflammation;  whilst  that  of  the 
'corpuscular'  is  similarly  characteristic  of  the  'suppurative'  inflamma- 
tion. It  is  obvioiisly  of  great  consequence  to  ascertain  the  conditions 
which  determine  the  production  of  one  or  other  of  these  states;  and 
these,  as  Mr.  Paget  has  pointed-out  (loc.  cit.),  may  be  considered  under 
three  heads, — (1)  the  previous  state  of  the  blood,  (2)  the  seat  of  the 
inflammation,  and  (3)  the  degree  and  character  of  the  inflammation. 

613.  The  condition  of  the  blood,  as  determining  that  of  the  lymph,  has 
been  cai'efully  studied  by  Rokitansky;  who  has  shown  that  the  characters 
of  inflammatory  deposits  in  different  diatheses  correspond  veiy  generally 
and  closely  with  those  of  the  coagula  found  in  the  heart  and  pulmonary 
vessels  after  death.  The  results  of  Mr.  Paget's  experiments  on  the  same 
subject  have  been  already  cited  (§  196).  And  clinical  observation  fully 
confirms  this  doctrine  by  evidence  of  another  kind;  that,  namely,  which 
is  afforded  by  the  different  course  of  the  same  specific  diseases,  in  differ- 
ent individuals,  according  to  the  previously  healthy  or  abnormal  con- 
dition of  their  blood.  There  can  be  no  doubt  that  a  very  large  propor- 
tion of  what  are  called  '  unhealthy  inflammations,'  especially  those  of  the 
erysipelatous  type,  are  to  be  regarded  as  owing  their  peculiaiity  to  a 
deficiency  in  the  due  elaboration  of  the  fibrin,  and  to  the  low  vitality  of  the 
cellular  components  of  the  blood,  both  of  which  conditions  seem  to  be 
favoured  by  the  presence  of  those  decomposing  matters,  whose  accumu- 
lation in  the  blood  acts  in  many  ways  so  prejudicially  on  the  system  at 
large  (§  210).— That  the  quality  of  the  exudation  is  in  some  degree 

*  'Lectures  on  Inflammation,'  in  "•  Medical  Gazette,"  1850,  vol.  xlv.  p.  1012. 
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determiued  by  the  seat  or  tissiie  in  which  the  Inflammation  occurs, 
.  appears  from  the  different  character  of  the  product  of  the  disordered  action 
30cm-ring  simultaneously  in  different  organs  of  the  same  individual,  and 
ipparently  under  the  operation  of  the  same  cause ;  thus  it  may  happen 
that  in  pleuro-pneumonia,  the  two  surfaces  of  the  pleura  become  con- 
[lUected  by  an  organized  exudation  of  a  fibrous  character;  whilst  the  effusion 
liu  the  substance  of  the  lung  is  rather  of  the  corpuscular  nature,  and 
■speedily  passes  into  suppm-ative  degeneration,    Mr.  Paget  ingeniously 
proposes  to  account  for  the  determining  influence  in  question,  on  the 
idea  that  the  inflammatoiy  prodnct  is  influenced  at  the  time  of  its 
,  formation  by  the  assimilative  force  of  each  part,  so  that  it  is  to  be 
regarded  as  a  mixtm-e  of  true  lymph  with  its  sjDecial  product  of  assimila- 
Mou;  thus  we  observe  that  in  inflammations  of  bone  the  lymph  usually 

>ifies,  in  those  of  ligaments  it  is  converted  into  a  tough  ligamentous  tissue, 
fciand  in  those  of  secreting  organs  it  contains  a  mixture  of  the  ordinary 

■reted  product. — The  mode  in  which  the  intensity  of  the  Inflammation 
iilects  the  character  of  the  effused  lymph,  is  twofold.    For,  in  the  first 
place,  the  nature  of  the  original  effusion  is  likely  to  vary  according  to 
•the  degree  in  which  the  ordinary  nutritive  process  is  interrupted j  since, 
!the  more  intense  the  inflammation,  the  less  will  be  the  assimilating  force 
Df  the  part,  and  the  more  will  the  matters  effused  from  the  vessels  deviate 
\  from  the  natm-al  plasma  which  would  be  drawn  from  them  in  healthy 
:autrition;  whilst  on  the  other  hand,  when  the  inflammation  is  less 
tievere,  its  product  will  not  differ  so  widely  from  the  natural  one,  and 
\,vni  from  the  fu'st  tend  to  manifest  in  its  development  some  charac- 
.:ers  corresponding  to  those  of  the  natural  formations  of  the  part.  But, 
-iecondly,  the  influence  of  the  inflammation,  or  rather  of  the  depressed 
vitahty  of  the  inflamed  tissues,  is  shown  in  the'  tendency  to  degeneration 

■  .vhich  it  impresses  on  the  exuded  product  j  so  that,  even  though  this  may 
-ie  disposed  to  pass-on  under  favourable  circumstances  to  the  complete 
brmation  of  an  organized  tissue,  its  development  is  early  checked,  and  it 

:  mdergoes  retrograde  metamorphosis,  or  else  from  the  very  commencement 
ts  development  takes  place  according  to  a  lower  or  degraded  type.  The 
lormal  product  of  the  organization  of  either  fibrinous  or  corpuscular 

■  ymph,  is  undoubtedly  a  tissue  closely  allied  to  the  ordinary  ai'eolar  or 
;ounective  ;  it  is  of  this  that  false  membranes  and  adhesions  are  formed, 
md  that  the  material  of  most  thickenings  and  indurations  of  parts  is 
composed ;  and  it  is  by  the  production  of  this  tissue  also,  that  losses  of 
iubstance  ai'e  in  the  first  instance  repaired,  and  that  divided  surfaces  are 
uade  to  adhere.  The  mode  in  which  this  development  takes  j)lace  has 
)een  already  described  (§§  223,  224).  Various  kinds  of  degeneration  may 
;ake  place,  according  to  the  stage  at  which  the  developmental  process  is 
■liecked;  and  among  these,  in  tissues  which  have  once  attained  an 

Iidvanced  stage  of  development,  the  most  common  is  the  fatty  (§  593). 
614.  But  the  most  frequent  of  all  the  degenerations  of  lymph,  being 
almost  invariable  when  the  lymph  is  placed  from  the  first  in  conditions 
unfavourable  to  its  development,  is  into  the  entirely  unorganizable  or 
uplastic  product  which  is  known  as  Pus.  This,  as  already  mentioned,  is 
specially  liable  to  occur  in  lymph  which  is  originally  rather  corpuscular 
*han  fibrinous ;  and  every  gi-adatiou  may  be  seen  from  the  most  charac- 
nstic  form  of  the  lymph-cell  to  that  of  the  pus-cell.    But  it  would 
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seem  as  if  even  the  most  perfectly  fibrinous  lympli  may  pass  almost 
immediately  into  the  condition  of  pus,  wlien  it  is  effiLsed  among  tissues 
which  are  passing  rapidly  into  a  state  of  decomposition;  and  thus  it 
appears  to  be,  that  in  a  phlegmonous  inflammation,  the  lymph  effused 
into  the  parts  where  the  inflammatory  process  has  been  most  intense  (the 
stagnation  of  the  blood  being  the  most  complete,  and  the  normal  tissues 
most  disposed  to  disintegration),  does  not  present  the  shghtest  tendency 
to  a  higher  type  of  organization,  but  is  developed  from  the  first  in  the 
condition  of  pus,  which  fiUs  the  vacant  space  previously  occupied  by 
living  tissue ;  whilst,  in  the  surrounding  parts,  the  fibrinous  eflFiision  pro- 
duces a  consolidation  of  the  tissue,  and  thus  forms  the  walls  of  the 
abscess,  by  which  the  pm'ulent  effiision  is  limited.  Wliether  the  disin- 
tegrating tissues  are  entirely  removed  by  absorption  (having  previously 
undergone  that  degenerative  softening  which  is  requisite  for  the  occmTcnce 
of  this  process),  or  whether  they  are  broken-up  and  dissolved  in  the  pu- 
rulent fluid,  is  a  point  not  yet  determined. — The  conservative  nature  of 
the  fibrinous  exudation,  and  the  consequent  imi^ortance  of  fibrin  as  an 
clement  of  it,  are  well  shown  by  the  results  of  its  deficiency.  Thus  if 
there  be  no  'sac'  formed  around  a  collection  of  pus,  this  fluid  infiltrates 
through  the  tissues,  and  by  its  mere  presence  so  impairs  their  nutrition, 
that  a  corresponding  degradation  takes  place  in  the  characters  of  the 
plastic  material  furnished  for  their  assimilation ;  and  thus  the  purident 
effiision  spreads  without  limit,  and  the  tissues  thi"OT;gh  which  it  percolates 
undergo  rapid  degeneration.  So,  again,  when  gangrene  is  spreading  by 
contiguity  (the  proximity  of  the  dead  tissue  tending  to  lower  the  vitaUty, 
and  even  to  occasion  the  death,  of  that  with  which  it  is  continuoiis),  it  is 
only  when  an  inflammatory  '  reaction '  takes  place,  or,  in  other  words, 
when  an  exudation  of  fibrinous  lymph  is  poured  into  the  substance  of 
the  tissues  bordering  on  those  which  have  lost  their  vitality,  that  a  line 
of  demarcation  between  the  dead  and  the  living  parts  is  formed.  And 
generally  it  may  be  said,  that,  as  the  ultimate  tendency  of  Inflammation 
is  to  produce  the  disintegration  of  the  part,  the  ultimate  tendency  of 
the  fibrinous  exudation  is  to  keep  its  elements  together,  and  to  repair  the 
losses  which  have  taken  place,  although  with  a  very  inferior  material. — It 
is  only,  however,  with  the  subsidence  of  the  inflammation,  and  the  retmn 
to  the  ordinaiy  type  of  nutrition,  that  the  highest  development  of  the 
lymph  can  take  place;  and  it  is  in  proportion  as  this  occm*s  more 
speedily,  that  the  recovery  of  the  organization  proper  to  the  part  is  more 
completely  effected.* 

CI 5.  In  persons  of  that  pecrdiar  constitution,  which  is  termed  Scro-^ 
fulous  or  Strumous,  we  find  an  imperfectly-organizable  or  'caco-i^lastic 
deposit,  or  even  an  altogether  ajolastic  product,  known  by  the  designation 
of  tubercular  matter,  frequently  taking  the  place  of  the  normal  elements 
of  tissue ;  both  in  the  ordinary  process  of  Nutrition,  and  still  more  when 
Inflammation  is  set  up.  From  an  examination  of  the  Blood  of  tubercidous 

*  The  Author  has  pleasure  in  referring  to  Mr.  Paget's  '  Lectures  on  Inflammation'  (Medi- 
cal Gazette,  ISSO)  as  containing,  in  his  opinion,  the  best  exposition  of  the  subject  yet  inaoe 
public;  and  in  acknowledging  his  obligations  to  them  for  much  assistance  in  the  short  vie^^ 
of  it  given  above.  The  fundamental  doctrines  on  which  the  Author  would  now  lay  tnc 
greatest  stress,  however,  are  the  same  in  all  essential  particulars  with  tiiose  wluch  he  • 
taught  in  previous  Editions  of  tiiis  Treatise. 
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subjects  it  appears,  that  although  the  bulk  of  the  coagulum  obtained  by 
-  stirring  or  beating  it  is  usually  greater  than  that  of  healthy  blood,  yet 
this  coagadum  does  not  consist  of  well- elaborated  fibrine;  for  it  is  soft 
.  and  -  loose,  and  contains  an  unusually  large  number  of  Colourless  corpus- 
,  cles,  whilst  the  Red  corpuscles  bear  an  unusually  small  proportion  to  it. 
\  We  can  understand,  therefore,  that  such  a  constant  deficiency  in  plasticity 
must  affect  the  ordinary  nutritive  process ;  and  that_  there  will  be  a  lia- 
,  biUty  to  the  deposit  of  cacoplastic  products,  without  inflammation,  instead 
.  of  the  normal  elements  of  tissue.    Such  appears  to  be  the  history  of  the 
t  formation  of  Tubercles  in  the  lungs  and  other  organs,  when  it  occurs  as 
a  a  kind  of  metamorphosis  of  the  ordinary  Nutritive  process;  and  in  this 
1  manner  it  may  proceed  insidiously  for  a  long  period,  so  that  a  large  part 
I  of  the  tissue  of  the  lungs  shall  be  replaced  by  tubercular  deposit,  without 
;<any  other  ostensible  sign  than  an  increasing  difficulty  of  respiration.  In 
tthe  different  forms  of  tubercular  deposit,  we  see  the  gradation  most 
>  strikingly  displayed,  between  the  plastic  and  the  aplastic  formations.  In 
!  the  semi-transparent,  miliary,  grey,  and  tough  yellow  forms  of  Tubercle, 
\  we  find  traces  of  organization  in  the  form  of  cells  and  fibres,  more  or  less 
I  obvious ;  these  being  sometimes  almost  as  perfectly  formed  as  those  of 
1  plastic  lymph,  at  least  on  the  superficial  part  of  the  deposit,  which  is  in 
i  immediate  relation  with  the  living  structures  around ;  and  sometimes  so 
0  degenerated,  as  scarcely  to  be  distinguishable.    In  no  instances  do  such 
u  deposits  ever  undergo  further  organization ;  and  therefore  they  must  be 
t  regarded  as  caco-plastic.    But  in  the  opaque,  crude,  or  yellow  Tubercle, 
\^we  do  not  find  even  these  traces  of  definite  structure ;  for  the  matter  of 
vwhich  it  consists  is  altogether  gi'anular,  more  resembling  that  which  we 
t^find  in  an  albuminous  coagulum.    The  larger  the  proportion  of  this  kind 
of  matter  in  a  tubercular  deposit,  the  more  is  it  pi'one  to  soften,  whilst  the 
>t3emi-organized  tubercle  has  more  tendency  to  contraction.  This  is  entirely 
laplastic. — It  may  be  questioned,  however,  whether  Tubercular  matter  is 
I!  not  always,  even  in  its  most  amorphous  state,  a  product  of  cell-formation ; 
land  whether  the  difference  between  the  amount  of  organization  Avhich  its 
V  several  fonus  present,  is  not  due  rather  to  a  variation  in  the  degree  of  its 
nbsequent  degeneration,  than  to  an  original  diversity  in  histological  con- 
dition.   On  this  view.  Tubercle  is  to  be  considered  as  a  formation  stci 
■/eneris,  whose  production  is  dependent  upon  a  special  taint  in  the  blood; 
lid  just  as  the  normal  lymph-products  vary  greatly  in  their  degree  of 
,  \  itality,  so  that  some  undergo  a  progi-essive  and  others  a  retrograde  meta- 
norphosis,  so  may  tubercular  deposits  either  retain  their  original  charac- 
■ra  more  or  less  comj)letely  (though  never  advancing  towards  a  higher 
laracter),  or  may  undergo  a  very  early  and  complete  degeneration.* 
Now  although  Tubercular  matter  may  be  slowly  and  insidiously  de- 
osited,  by  a  kind  of  degradation  of  the  ordinary  Nutritive  process,  yd 
cannot  be  doubted  that  Inflammation  has  a  great  tendency  to  favour  it ; 
»  that  a  larger  quantity  may  be  produced  in  the  Imigs,  after  a  Pneu- 
lonia  has  existed  for  a  day  or  two,  than  it  would  have  required  years  to 
•ncratc  in  the  previous  mode.    But  the  character  of  the  deposit  still 
mains  the  same;  and  its  relation  to  the  plastic  element  of  the  blood  is 
liown  by  the  interesting  fact,  of  no  unfrequent  occurrence, — that,  in  a 

*  See  Mr.  Paget  in  the  "  Patliological  Catalogue  of  the  Hunterian  Museum,"  vol.  i. 
■  134;  also  Dr.  Madden 's  "  Thoughts  on  Pulmonary  Consumption."  '  ' 
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Pneumonia  affecting  a  tuberculous  subject,  plastic  lymph  is  often  thrown 
out  in  one  part,  whilst  tubercular  matter  is  deposited  in  another.  Now 
Inflammation,  producing  a  rapid  deposition  of  tubercular  matter,  is  pecu- 
liarly liable  to  arise  in  organs,  which  have  been  previously  affected  with 
chronic  tubercular  deposits,  by  an  impairment  of  the  process  of  textural 
Nutrition;  for  these  deposits,  acting  like  foreign  bodies,  may  of  them- 
selves become  sources  of  ii'ritation;  and  the  perversion  of  the  structure 
and  functions  of  the  part  renders  it  peculiai'ly  susceptible  of  the  influence 
of  external  morbific  causes. 

616.  We  frequently  meet  with  abnormal  groAvths  of  a  Fatty,  Ciu'tilagiii- 
ous.  Fibrous,  or  even  Bony  structm-e ;  which  result  from  the  development 
of  these  tissues  in  unusual  situations,  and  appear  to  originate  in  some 
perverted  action  of  the  parts  tliemselves  (§  597). — But  there  is  another 
remarkable  form  of  disordered  Nutrition,  wliich  is  concerned  in  producing 
what  have  been  termed  lieterologoxis  growths ;  that  is,  masses  of  tissue 
that  differ  in  character  from  any  which  is  normally  present  in  the  body. 
Most  of  these  are  included  under  the  general  designation  of  Cancerous  or 
Fungous  structures;  aud  it  has  been  shown  by  Muller  and  succeeding 
inquirers,  that  the  new  growth  consists  of  a  mass  of  cells;  which,  like 
the  Vegetable  Fungi,  develope  tliemselves  with  great  rapidity;  and  which 
destroy  the  surrouiuling  tissues  by  their  pressure,  as  well  as  by  abstract- 
ing from  the  Blood  the  nourishment  which  was  destined  for  them.  These 
parasitic  masses  have  a  completely  independent  power  of  growth  aud 
reproduction;  and  they  can  be  projjagated  by  inoculation,  which  may 
convey  into  the  tissues  of  the  animal  operated-on,  the  germs  of  the  pecu- 
liar cells  that  constitute  the  morbid  growth,  these  soon  developing  them- 
selves into  a  new  mass.  So  it  may  be  by  the  diffusion  of  the  germs 
produced  in  one  part,  through  the  whole  fabric,  by  means  of  the  circu- 
lating current,  tliat  the  tendency  to  re-appearance  (which  is  one  great 
feature  in  the  malignant  character  of  these  diseases)  is  occasioned.  But 
it  \foidd  seem  more  probable  that  this  character  rather  depends  upon  the 
presence  of  a  morbid  matter  in  the  blood,  of  which  the  formation  of  the 
cancerous  tissue  is  only  the  manifestation  (§  120)  ;  the  local  disease  thiis 
being  the  consequence  of  a  constitutional  cachexia,  rather  than  the  consti- 
tutional affection  the  resiilt  of  the  local  disease.* 


CHAPTER  XII. 

OF  SECRETION   AND  EXCRETION, 

1.  Of  Secretion  in  General. 

617.  The  literal  meaning  of  the  term  Secretion  is  se-paration;  and  this 
is  nearly  its  true  acceptation  in  Physiology.  But  the  ordinary  processes 
of  Nutrition  involve  a  separation  of  certain  of  the  components  of  the 
Blood,  which  are  withdi-awn  from  it  by  the  appropriating  power  of  the 
soUd  textm-es ;  and  every  such  removal  may  be  considered  in  the  light  oi 
an  act  of  excretion,  so  far  as  the  blood  and  the  rest  of  the  organism  ai-e 

*  Sec  Dr.  Wiilslie  on  "The  Nature  and  Treatment  of  Cancer j"  and  Wr.  Simons 
Oeneral  Pathulugy,"  Lect.  vm. 
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•concerned  (§  202).    Moreover,  the  separation  of  certain  matters  from  the 
blood  in  a  fluid  state,  either  for  the  piu'pose  of  being  cast  forth  ft-om  the 
body,  or  of  being  employed  for  some  special  purpose  within  it,  which 
constitutes  what  is  ordinarily  known  as  Secretion,  is  effected  by  an 
aii'ency  of  the  same  nature  with  that  whose  operation  constitutes  the 
c.s^sential  part  of  the  nutritive  process;  namely,  the  production  and 
'growth  of  cells.    Hence  there  is  no  other  fundamental  difference  between 
the  two  processes,  than  such  as  arises  out  of  the  diverse  destinatio7is  of 
'the  separated  matters,  and  the  anatomical  arrangements  which  respec- 
:  tively  minister  to  these.    For  the  products  of  the  secreting  action  are 
all  poured  forth  either  upon  the  external  surface  of  the  body,  or  upon 
t the  lining  of  some  of  the  cavities  which  communicate  with  it;  and  the 
ccells  by  which  they  are  separated  from  the  blood,  usually  stand  in  the 
ri-elation  of  epithelium-cells  to  those  prolongations  of  the  skin  or  mucous 
1  membranes,  that  form  the  follicles  or  extended  tubuli,  of  which  the 
(Glandular  organs  are  for  the  most  part  composed  (§  235),  and  are  thus 
rreadily  thrown-ofT  from  their  ft'ee  surfaces.    Thus  the  act  of  Secretion 
1  essentially  consists  in  the  successive  production  and  exuviation  of  the 
I. cells  which  minister  to  it;  these  cells  giving  up,  by  rupture  or  deli- 
i^quescence,  the  substances  which  they  have  eliminated  from  the  blood. 
I- Each  group  of  cells  is  adapted  to  separate  a  product  of  some  particular 
<kind,  which  constitutes  its  special  pa62i^wm;  and  the  rate  of  its  pro- 
iduction  seems  to  depend  cceteris  paribus  upon  the  amount  of  that  pabu- 
I  hmi  supplied  by  the  circulating  fluid  (§  120).    The  substances  at  the 
expense  of  which  the  secreting  cells  grow,  however,  may  not  be  precisely 
those  which  are  subsequently  cast  forth  at  their  death ;  for  it  is  very  pro- 
bable that  some  of  them,  at  least,  undergo  a  jsertain  degree  of  chemical 
transformation  by  the  agency  of  these  cells ;  the  characteristic  materials 
'  of  the  several  secretions  not  always  pre-existing  as  such  in  the  blood. 

618.  A  distinction  may  be  drawn  as  regards  this  point,  between  those 
I  Excretions,  the  retention  of  whose  materials  in  the  Blood  would"  be 
positively  injurious,  and  those  Secretions,  which  are  destined  for  particular 
puri)oses  within  the  system,  and  the  cessation  of  which  has  no  immediate 
:  influence  on  any  other  function  than  those  for  which  they  are  respectively 
I  destined.    The  solid  matter  dissolved  in  the  fluids  of  the  latter  class,  is 
little  else  than  ajaortion  of  the  nutritive  constituents  of  the  blood;  either 
■  io  little  altered  as  still  to  retain  its  nutritive  character,  as  is  the  case  with 
ithe  casein  of  Milk,  and  with  the  albuminous  constituent  of  the  Serous  fluid 
•of  areolar  tissue  and  of  serous  and  synovial  membranes ;  or  in  a  state  of 
incipient  retrograde  metamorphosis,  as  seems  to  be  the  case  with  the 
•peculiar  'ferments'  of  the  salivary,  gastric,  pancreatic,  and  intestinal 
'Secretions.    On  the  other  hand,  the  characteristic  ingredients  of  the 
Excretions  are  very  different  in  character  from  the  normal  elements  of 
the  l)lood.    They  are  all  of  them  completely  unorganizable ;  and  they 
I'ossess,  for  the  most  part,  a  simple  atomic  constitution.    Some  of  them 
iso,  have  a  tendency  to  assume  a  crystalline  form;  which  is  considered 
'  'v  Br.  Prout  to  indicate  their  unfitness  to  enter  into  the  composition  of 
■'^anizcd  tissues.    With  regard  to  some  of  the  chief  of  these,  there  is 
-  iifficient  evidence  of  their  existence,  in  small  quantity,  in  the  circulatino- 
Blood;  but  it  is  also  clear,  that  tlicy  exist  there  as  products  of  decom- 
position, and  that  they  are  destined  to  be  separated  from  it  as  speedily  as 
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possible.  If  their  separation  be  prevented,  they  accumulate,  and  comnm- 
nicate  to  the  circulating  fluid  a  positively  deleterious  chai'actcr.  Of  this, 
we  have  already  seen  a  striking  example  in  the  case  of  Asphyxia  (§  574); 
and  the  history  of  the  other  two  principal  excretions,  the  Bile  and  Urine, 
will  fux-nish  evidence  to  the  same  effect. — As  a  general  fact,  then,  it  may 
be  stated,  that  the  materials  of  the  Secretions  pre-exist  in  the  Blood,  in  a 
state  nearly  resembling  that  in  which  they  are  thrown  off  by  the  secreting 
organs :  but  that  the  materials  of  those  secretions  which  are  destined  to 
pei'form  some  particular  function  within  the  economy,  are  derived  from 
the  substances  which  are  "aj)propriated  to  its  general  purposes;  whilst 
those  of  the  excretions  are  the  result  of  the  destructive  changes  that  have 
taken  place  in  the  system,  and  cannot  be  retained  in  it  without  injmy. 

619.  The  composition  and  uses  of  the  principal  Secretions  which  are 
elaborated  for  special  purposes  within  the  economy,  have  abeady  been 
partly  described  in  connection  with  the  functions  to  which  they  respec- 
tively minister;  and  the  remainder  will  hereafter  come  under  notice  iu 
the  same  manner.  It  is  here  intended,  howevei',  to  consider  that  im- 
portant system  of  Excretory  operations,  which  serves  to  maintain  the 
piu'ity  of  the  circulating  fluid ;  by  removing  from  it  those  products  of  the 
disintegration  of  the  tissues,  which  are  not  capable  of  serving  any  pm-pose 
in  the  niitrition  of  the  system,  and  which  even  act  upon  it  as  poisons; 
and  also  by  withdrawing  the  j)roducts  (apparently  of  a  similai*  character) 
of  the  decomposition  of  those  surplus  alimentary  materials,  which,  not 
being  required  for  the  nutrition  of  the  tissues,  undergo  retrogiude  meta- 
morj^hosis  without  having  ever  undei'gone  the  process  of  organization. 
Tiie  process  of  Respiration,  as  already  pointed  out  (§  535),  is  in  part  to 
be  regarded  as  one  of  an  excretory  character,  though  the  pecuhai'  nianner 
in  which  it  ministers  to  the  removal  of  carbon  and  hydi^ogeu  from  the 
system,  and  its  subserviency  to  other  pm-poses,  necessitate  its  separate 
consideration.  The  true  Secreting  processes  which  are  to  be  regarded  as 
more  or  less  completely  excretory,  are  the  separation  of  bile  by  the 
Liver,  that  of  urine  by  the  Kidneys,  that  of  perspiration  by  the  Skiu, 
and  that  of  fpecal  matter  by  the  glandulsE  of  the  Intestinal  smface. 
The  sum  total  of  these,  with  the  addition  of  the  carbonic  acid 
and  watery  vapour  poured  from  the  Lungs,  and  of  the  indigestible  matter 
rejected  in  the  form  of  faeces,  must  be  equal  to  the  total  amoimt  of  the 
solid  and  fluid  ingesta,  and  of  the  oxygen  which  disappeai's  from  the 
inspired  air;  the  weight  of  the  body  remaining  the  same.  The  experi- 
ments of  Dr.  Dalton  on  his  own  person  gave  the  following  as  the  propoij 
tioual  quantities  dischai'ged  through  the  principal  channels  of  excretion. 
The  mean  quantity  of  solid  and  Hquid  Aliment  taken  into  the  system 
daily  (during  14  days  in  spring)  being  91oz.,  or  about  5flbs.,  the  avei-age 
amount  of  Fseces  (including  part  of  the  solid  matter  of  the  bile)  was 
5oz. ;  the  average  amount  of  Urine  was  48ioz.  daily;  and,  as  the  tot^j 
weight  of  the  body  remained  the  same,  the  quantity  of  fluid  jind  soM 
matter  excreted  by  the  Skin  and  the  Lungs  must  have  been  37j|oz.  At 
other  periods  of  the  year,  a  variation  was  observed ;  especially  in  the 
relative  amount  of  fluid  passing  off"  by  the  Urine,  and  by  Cutaneons 
exhalation. — A  more  elaborate  series  of  researches,  however,  has  been 
recently  made  by  M.  Barral;  a  part  of  whose  residts  has  been  given  m 
*  "Edinbui-gli  New  PhilosophicalJouriml,"  1032,  11133. 
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he  preceding  chapter.  The  following  are  the  average  daily  amounts  of 
iihe  several  components  of  the  food  consumed,  and  of  the  various  ex- 
'?retions,  in  the  five  cases  already  refcrred-to  (§  566);  water  being  ex- 
Muded  in  each  case ; — 

Ingested  as  Food. 


Carbon 
Nitrogen 
Hydrogen 
Oxygen 


21770-4  grs. 
1649-0  „ 
3370-6  „ 

1C446-7  „ 


In  Urine. 

lOGO-7  grs. 
756-6  „ 
213-1  „ 
663-6  „ 


Excreted 

In  Fceces. 
798-3  grs. 
14-2-0  „ 
12-2-0  „ 
467-8  „ 


By  Lv,?igs  and  Skhi. 
19911-4  grs. 
750-4  „ 
3035-5  „ 
15415-3  „ 


Total       .    43236-7  „  2594-0  „  1530-1  „  39112-6  „ 

The  water  ingested  amounted  on  an  average  to  about  three  times  the 
olid  matters;  that  egested  in  various  ways  was  commonly  between  one- 
fifth  and  one-sixth  more,  showing-  that  there  is  an  absolute  production  of 
.ater  in  the  system  (§  569).  The  following  table  gives  the  general 
csiults  of  the  compai-ison  of  the  matters  assimilated  and  excreted,  so 
alddated  that  the  sum  in  each  case  amounts  to  1 00 : — 


EXCKETED 

Assimilated 

As  water;  by 

As  carbonic 

In  the 

In  other 

Food. 

Oxygen. 

exhalation. 

acid. 

evacuations. 

ways. 

A. 

72-2 

27-8 

33-8 

32-3 

33-2 

0-7 

B. 

75-4 

24-6 

36-1 

28-8 

34-7 

0-4 

C. 

76-7 

23-3 

38-2 

28-3 

33-2 

0-3 

D. 

75-3 

24-7 

14-5 

30-2 

54-6 

0-7 

E. 

72-5 

27-5 

31-0 

31-5 

36-9 

0-8 

620.  It  is  obvious  that  the  demand  for  the  performance  of  the  Excre- 
:)ry  processes  generally  will,  in  the  first  place,  arise,  as  in  the  case  of 
respiration,  from  the  continual  disintegration  and  decay  to  which  the 
.-ganized  fabric  is  liable  in  the  maintenance  of  a  merely  vegetative  exist- 
.ice ;  and  this  will  be  constant  dm-ing  the  whole  life  of  Man,  as  of  any 
ither  warm-blooded  animal,  its  amount  varying  with  the  degree  of 
3ueral  vital  activity. — But,  secondly,  the  exercise  of  the  animal  func- 
ons,  involving  (as  this  does)  the  disintegration  of  the  nervous  and  mus- 
clar tissues  as  the  very  condition  of  the  evolution  of  their  resjaective 
-•rces,  becomes  a  special  source  of  the  production  of  excrementitious 
•latter,  the  amount  of  which  will  vary  with  that  of  the  forces  thus  de- 
eloped. — The  removal  of  excrementitious  matter  may  become  necessary, 
iiirdly,  from  the  decomposition  of  superflvious  aliment,  which  has  never 
•  eeu  assimilated.    This  would  not  be  the  case,  if  the  amount  of  food  jDre- 
ared  by  the  digestive  process,  and  taken-up  by  absorption  into  the  cur- 
tent  of  the  circulation,  were  always  strictly  proportional  to  the  demand 
•r  nutriment  created  by  the  wants  of  the  system;  but  such  a  limitation 
iklom  exists  practically,  in  those  individuals  at  least  who  do  not  feel  them- 
ilves  obliged  to  put  a  restraint  upon  the  indulgence  of  their  ordinary 
1  'Ctite ;  and  all  that  is  not  appropriated  to  the  reparation  of  the  waste, 
to  the  increase  of  the  bulk  of  the  body,  must  be  thrown-oft"  by  the 
retory  organs.    It  has  been  already  shown  that  an  abundance  of  nu- 
it'ive  material  in  the  blood  docs  not  augment  the  production  of  the 
■dinary  tissues  to  any  considerable  extent  (§  596);  and  it  would  appear 
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that  all  such  materials  as  are  uot  speedily  assimilated,  pass  i-apidly  into  a 
state  of  retrograde  metamorphosis.    How  large  a  proportion  of  the  solid 
matters  of  the  urine  ordinarily  has  this  source,  will  appear  from  facts 
hereafter  to  be  stated  (§  640). — Moreover,  in  the  last  place,  it  cannot  be 
deemed  improbable  that  the  changes  which  the  crude  aliment  undergoes 
from  the  time  of  its  first  reception  into  the  absorbents  and  blood-vessels 
to  that  of  its  conversion  into  organized  tissues  and  special  secretions 
involve  the  liberation  of  many  products  of  which  the  elements  are  super- 
fluous, and  therefore  iujm-ious  to  the  system  if  retained  in  it.    Thus  it 
has  been  shown  to  be  quite  possible,  that,  in  the  production  of  Glutin 
(gelatin)  fi'om  Albumen,  an  equivalent  of  Choleic  (tauro-cholic)  acid  may 
be  generated  (§  91,  vi.).    The  condition  of  Organic  Chemistry,  however, 
is  not  yet  such  as  to  allow  of  anything  being  advanced  with  certainty  under 
this  head. — From  these  various  sources,  then,  a  large  amount  of  eftete 
matter  is  being  continually  received  back  from  the  tissues  into  the  cuiTent 
of  the  circulation,  or  is  generated  in  the  blood  by  the  changes  to  which  it 
is  itself  subject;  and  it  is  the  great  object  of  the  Excretory  apparatus, 
to  free  that  fluid  from  the  products  which  would  rapidly  accumulate 
in  it,  but  for  the  provision  which  is  thus  made  for  their  removal. 

G21.  Notwithstanding  that,  under  ordinary  circumstances,  the  several 
parts  of  the  Excretory  apparatus  are  limited,  each  to  its  own  special  func- 
tion, yet  we  see  that  there  are  certain  comjdemeniary  relations  between 
them,  which  make  the  action  of  one  to  a  certain  extent  vicarious  with  that 
of  another.    Such  a  relation  exists,  for  instance,  between  the  lungs  on  one 
side,  and  the  liver  and  intestinal  glandulse  on  the  other;  for,  the  more 
active  the  rcspuation,  the  less  bile  is  secreted ;  whilst,  if  the  respiration 
be  lowered  in  amount  by  inactivity  of  body  and  a  high  external  tempera- 
ture, a  larger  proportion  of  unoxidized  or  imperfectly-oxidized  excremeu- 
titious  matters  accumulate  in  the  blood,  giving  rise  to  that  augmented 
production  both  of  the  biliary  and  of  the  fecal  excretions,  which  consti- 
tutes diarrhoea.*    And  thus,  on  the  other  hand,  when  the  liver  is  not  ade- 
quately affecting  the  depmution  of  the  blood  from  the  constituents  of  bile, 
an  augmentation  of  the  respiration  by  active  exercise  in  a  low  tempera- 
tm'e  gives  most  effectual  relief — Still  more  obviously  vicarious,  however, 
arc  the  kidneys  and  the  skin ;  for  here  we  find  that  not  only  do  the 
kidneys  allow  the  transudation  of  whatever  supei'fluous  water  may  remdu 
in  the  circulating  current,  after  a  suflScient  amount  has  been  exlialed 
from  the  skin  to  keep  down  the  temperature  of  the  body  to  its  normal 
standard,  but  the  skin  actually  assists  in  the  elimination  of  one  of  those 
l^roducts  of  the  metamorphosis  of  the  azotized  tissues,  the  removal  of 
which  has  been  until  recently  considered  as  the  special  function  of  the 
kidney.    Consequently,  whenever  the  due  action  of  the  skin  as  an  ex- 
creting organ  is  interfered-with,  it  is  the  kidney  especially  that  Avill  be 
called-on  to  take  its  place ;  whilst,  on  the  other  hand,  if  it  be  thought 
necessary  to  relieve  the  kidney,  this  may  be  most  effectually  done  by 
stimulating  the  skin  to  increased  excretory  activity. 

622.  This  vicariousness  of  function  among  the  Excretoiy  organs  pvc- 

*  Such  is  probably  tlic  occasion  of  the  'bilious  attacks'  and  'autumnal  cholera'  so  preva- 
lent at  the  close  of  the  summer ;  the  subjects  of  these  being  most  commonly  persons  wlio  have 
not  reduced  their  consumption  of  food  during  the  warm  season,  in  accordance  with  the 
diniinislicd  demand  for  the  production  of  heat  within  the  body. 
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sents  itself  far  more  remarkably,  however,  in  certain  states  of  disease ;  in 
which  a  complete  'metastasis  of  secretion'  exhibits  itself  The  capability 
of  one  organ  thus  to  take  upon  itself  the  special  actions  of  another,  seems 
to  -have  reference  to  the  community  of  function  which  exists  in  the  se- 
creting sm-face  among  the  lower  animals,  in  which  there  is  none  of  that 
'specialization'  or  setting-apart  for  particular  ofi&ces,  which  we  see  in  the 
higher ;  for  it  seems  to  be  a  general  law  in  Physiology,  that,  even  where 
the  different  functions  are  most  highly  specialized,  the  general  structure 
retains,  more  or  less,  the  primitive  community  of  action  which  charac- 
terized it  in  the  lowest  grade  of  development.*  It  is  in  regard  to  the 
Urinary  excretion,  that  the  evidence  on  this  point  is  most  complete ;  for 
it  seems  to  be  established  by  a  great  mass  of  observations,  that  urine,  or 
a  fluid  presenting  its  essential  characters,  may  pass  off  by  the  mucous 
membrane  of  the  intestinal  canal,  by  the  salivary,  lachrymal,  and  mam- 
mary glands,  by  the  testes,  by  the  ears,  nose,  and  navel,  by  parts  of  the 
ordinary  cutaneous  sm*face,  and  even  by  serous  membranes,  such  as  the 
ai'achnoid  lining  the  ventricles  of  the  brain,  the  pleura,  and  the  perito- 
neum. A  considerable  number  of  such  cases  was  collected  by  Haller :  t 
many  more  were  brought  together  by  Nysten ;  %  more  recently  Burdach 
has  fiunished  a  full  summary  of  the  most  imj)ortant  phenomena  of  the 
kind ;  §  and  Dr.  Laycock  has  compiled  a  valuable  collection  of  cases  of 
urinary  metastasis  occurring  as  complications  of  hysteria.  ||  The  follow- 
ing table  of  cases  referred-to  by  the  last  of  these  authors,  will  give  some 
idea  of  the  relative  frequency  of  the  different  forms  of  this  curious 
affection  : — 


Vomit. 

Stool. 

Ears. 

Eyes. 

Saliva. 

Nose. 

Mammae. 

Navel. 

Skin. 

Total. 

33 

20 

4 

4 

5 

3 

■  *■  ■ 
4  ' 

34 

17 

124 

It  is  to  be  borne  in  mind,  however,  that  cases  of  hysterical  ischuria  are 

•  frequently  complicated  with  that  strange  moral  perversion,  which  leads 

•  to  the  most  persevering  and  ingenious  attempts  at  deceit ;  and  there  can 

•  be  little  doubt  that  a  good  many  of  the  instances  on  record,  especially  of 
urinous  vomiting,  are  by  no  means  veritable  examples  of  metastasis.  The 

1  proofs  of  the  fact  we  are  seeking  to  establish  are,  therefore,  much  more 
>  satisfactory  when  drawn  from  experiments  upon  animals,  or  from  patholo- 
L  gical  observations,  about  which,  from  their  very  nature,  there  can  be  no 
1  mistake.  Thus  Mayer  IT  found  that  when  the  two  kidneys  were  extirpated 
i  in  the  guinea-pig,  the  cavities  of  the  peritoneum  and  the  pleura,  the 
ventricles  of  the  brain,  the  stomach,  and  the  intestinal  canal,  contained  a 
brownish  hquid  having  the  odom-  of  urine;  that  the  tears  exhaled  the 
same  odom-;  that  the  gall-bladder  contained  a  brownish  liquid  not  re- 
sembling bile;  and  that  the  testicles,  the  epididymis,  the  vasa  defercutia 
uiid  the  vesicula3  seminales,  were  gorged  with  a  liquid  perfectly  similar  to 

*  See  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  $$  351,  605. 
+  "  Elementa  Physiologifo,"  torn.  ii.  p.  370. 

X  "  Reclierches  dc  Pliysiologic  ct  de  Cliimie  pathologiqiic,"  p.  265. 
§  "  Traite  de  Physiologie"  (Jourdan's  Translation),  vol.  viii.  p.  248,  ct  scq 
II  "Edinl).  Med.  and  Surg.  .loiim.,"  IfJSS. 
II  "  Zeitsclirift  fiir  Physiologie,"  tom,  ii.  p.  270. 
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urine.    Chirac  and  Helvetins  are  quoted  by  Haller  as  having  tied  the 
renal  arteries  in  dogs,  and  having  then  remarked  that  a  urinous  fluid  was 
passed  off  from  the  stomach  by  vomiting.    A  remarkable  case  is  quoted 
by  Nysten  from  Zeviani,  in  which  a  young  w^oman  having  received  an 
incised  wound  on  the  external  genitals,  which  would  not  heal,  the  m-ine 
gradually  became  more  scanty,  and  at  last  none  could  be  passed  even  with 
the  assistance  of  the  catheter ;  at  last  dropsy  supervened,  with  sweats  of  a 
urinous  odour,  and  vomiting  of  a  urinous  fluid,  which  continued  daily  for 
thirty-three  years.    On  post-mortem  examination,  the  kidnej^s  were  found 
disorganized,  the  right  ureter  entuely  obliterated  and  the  left  neai-ly  so, 
and  the  bladder  contracted  to  the  size  of  a  pigeon's  egg.    In  some  other 
instances,  the  urine  appears  to  have  been  secreted,  and  then  re- absorbed 
in  consequence  of  some  obstruction  to  its  exit  through  the  urinary  pas- 
sages.   Thus  Nysten  quotes  fi-om  Wrisberg  a  case  in  which,  the  m-ethra 
having  been  partially  obstructed  for  ten  years  by  an  enlarged  prostate, 
the  bladder  was  so  distended  as  to  contain  ten  pounds  of  urine ;  and  the 
scrosity  of  the  pericardium  and  of  the  ventricles  of  the  brain  exhaled  a 
urinous  odom*.    He  cites  other  instances  in  which  the  presence  of  calculi 
in  the  bladder  prevented  the  due  discharge  of  the  secretion;  and  in  which 
a  urinous  liquid  was  ejected  from  the  stomach  by  vomiting,  or  was  dis- 
charged by  stool.    A  still  more  remarkable  case  is  recorded,  of  a  girl 
born  without  either  anus  or  external  genitals,  who  nevertheless  remained 
in  good  health  to  the  age  of  fifteen  years,  passing  her  urine  ft'om  the 
nipples,  and  getting  rid  of  fajcal  matters  by  vomiting.    There  are  cases, 
moreover,  in  which  it  would  seem  that  the  mucous  lining  of  the  m-iuaiy 
bladder  must  have  had  a  special  power  of  secreting  urine ;  the  usual  dis- 
charge having  taken  place  to  the  end  of  life,  when,  as  appeared  by  post- 
mortem examination,  the  kidneys  were  so  completely  disorganized'  that 
they  could  not  have  furnished  it,  or  had  been  prevented  by  original 
malformation,  or  by  ligature  of  the  urethi-a,  from  discharging  it  into  the 
bladder.    A  considerable  number  of  these  have  been  collected  by  Biu- 
dach.'"'    In  all  the  older  statements  of  this  kind,  there  is  a  deficiency  of 
evidence  that  the  fluids  were  really  urinous,  urea  not  having  been  ob- 
tained from  them  by  chemical  analysis,  and  the  smell  having  been  chiefly 
relied  upon.    The  urinous  odour,  however,  when  distinct,  is  probably 
neai'ly  as  good  an  indication  of  the  presence  of  the  most  chai'acteristic 
constituent  of  human  m^ine,  as  is  the  sight  of  the  m'ea  in  its  separated 
form.    The  passage  of  a  urinous  fluid  from  the  skin  has  been  frequently 
observed  in  cases  in  which  the  renal  secretion  was  scanty ;  and  the  critical 
sweats,  by  which  attacks  of  gout  sometimes  terminate,  contain  urates  and 
phosphates  in  such  abundance  as  to  form  a  powdery  deposit  on  the  sur- 
face.— The  metastasis  of  the  Biliary  secretion  is  familiar  to  every  prac- 
titioner, as  being  the  change  on  jaundice  is  dependent.    It  is  not, 
however,  in  every  case  of  yeUowish-brown  discoloration  of  the  tissues, 
that  we  are  to  impute  such  discoloration  to  the  presence  of  biliary  matter ; 
and  we  can  only  safely  do  so,  when  we  have  at  the  same  time  e^adeuce  of 
concurrent  disturbance  of  the  biliary  apparatus.    The  urinary  appai-atus 
then  becomes  the  principal  channel  through  which  the  biliary  matter  is 
eliminated;  the  urine  becomes  tinged  with  the  colouring  principle  of 

*  "Zeitschrift  fur  Physiologie,"  torn.  ii.  pp.  253,  254. 
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bile,  being  sometimes  of  a  yellowish  or  orange  hue,  and  sometimes  of  a 
brown  colour  with  a  considerable  sediment ;  and  the  presence  of  the  most 
characteristic  constituents  of  the  bile  has  been  determined  in  the  urine. 
The  same  result  presents  itself,  when  the  biliaiy  duct  has  been  artificially 
obstructed  by  ligatm'e.    Other  secretions  have  been  found  tinged  with 
the  colom-ing  matter  of  bile :  thus  the  pancreatic  fluid  has  been  seen  of  a 
.  yellow  colour  in  jaundice;  and  the  milk  has  presented  not  merely  the 
1  hue,  but  the  characteristic  bitterness,  of  the  biliary  secretion.  The 
<  cutaneous  transpiration  is  not  unfrequently  so  much  impregnated  with 
.  biliaiy  matter,  as  to  communicate  the  tinge  to  the  linen  covering  the 
r  skinj  and  even  the  sputa  of  patients  affected  with  bilious  fevers  have 
been  observed  to  be  similarly  coloured,  and  have  been  found  to  contain 

■  biliary  matter.  The  secretions  of  serous  membranes,  also,  have  been  fre- 
•  quently  seen  to  present  the  characteristic  hue  of  bile ;  and  biliary  matter 
i  has  been  detected,  by  analysis,  in  the  fluid  of  the  pleural  and  peritoneal 
.  cavities.  Biliaiy  matter,  however,  when  unduly  present  in  the  circulating 
.  cm-rent,  is  not  removed  from  it  by  the  secreting  organs  alone ;  for  it 

seems  to  be  withdrawn  also  in  the  ordinary  operations  of  nutrition,  enter- 
:  ing  into  combination  with  the  solid  tissues.  Thus,  in  persons  affected 
\  with  jaundice,  we  find  the  skin,  the  mucous  and  serous  membranes,  the 
1  lymphatic  glands,  the  brain,  the  fibrous  tissues,  the  cartilages,  the  bones 
;  and  teeth,  and  even  the  hair,  penetrated  with  the  colouring  matter  of  the 
1  bile,  which  they  must  have  withdrawn  from  the  blood,  and  which  seems 
I  to  have  a  particular  affinity  for  the  gelatinous  tissues.  It  is  impossible 
a  at  present  to  say,  however,  to  what  extent  the  more  characteristic  ingredi- 
( ents  of  the  bile  are  thus  withdrawn  from  the  blood ;  for  the  presence  of 
i  its  colouring  matter  cannot  by  any  means  be  taken  as  an  indication  that 
1  its  peculiar  resinoid  acids  are  also  incorporated' with  the  normal  compo- 
I  nents  of  the  tissues. 

2.  The  Liver. — Seci^etion  of  Bile. 

623.  The  Liver  is  probably  more  constantly  present,  under  some  form 
or  other,  throughout  the  entire  animal  series,  than  any  other  gland.  Its 
t  form  and  condition  vary  so  greatly,  however,  in  different  tribes,  that, 
ft'without  a  knowledge  of  its  essential  structure,  we  should  be  disposed  to 
question  whether  any  identity  of  character  exists  among  the  several 
organs  which  are  regarded  as  Hepatic.    It  is,  in  fact,  the  presence  of  bile- 
'  secreting  cells,  that  must  be  held  to  constitute  a  Liver;  and  these  may 
Ijc  scattered  over  the  general  lining  membrane  of  the  alimentary  canal,  or 

■  may  be  restricted  within  follicles  which  are  formed  by  depressions  of  it ; 
these  follicles,  again,  may  be  multiplied  in  some  particular  spot,  so  as  to 
be  aggregated  into  a  mass,  or  may  be  extended  into  long  tubes.    In  all 

!  the  Invertebrata,  however,  the  Liver  is  obviously  conformable  to  the 
i  treneral  type  of  glandular  structures ;  the  hepatic  cells  being  in  immediate 
!  I'clation  with  a  basement-membrane,  and  being  discharged  upon  a  free 
irface.    This  will  be  readily  understood  from  an  examination  of  any  one 
I  the  higher  forms  of  it,  such  as  that  presented  in  the  liver  of  the  Crab, 
\vliich,  like  the  liver  of  the  Mollusca  generally,  is  a  lobulated  glandular 
'OSH,  formed  by  the  aggi'egation  of  a  multitude  of  follicles  with  distinct 
•ucal  terminations;  these  follicles  discharging  their  secreted  products 

Q  u  2 


596 


OF  SECRETION  AND  EXCRETION. 


Fig.  108. 


into  cavities  which  occupy  the  centre  of  the  lobules,  whence  they  are  col- 
lected by  the  ducts  which  discharge  them  into  the  alimentary  canal.  On 
a  careful  examination  of  these  foUicles,  and  a  comparison  of  the  size  and 

contents  of  the  cells  at  the  bottom  and  to- 
wards the  outlet,  it  becomes  evident  that  the 
cells  originate  in  the  former  situation,  and  gi'a- 
dually  increase  in  size  as  they  advance  towards 
the  latter.  It  is  also  to  be  observed  that  the 
cells  which  lie  deepest  in  the  caecum  (a,  6) 
contain  for  the  most  jiart  the  yellow  gi-anular 
matter,  which  may  be  regarded  as  the  proper 
biliary  secretion ;  but  as  they  increase  in  size, 
there  is  also  an  increase  in  the  quantity  of  oil- 
globules  whicli  they  contain  (c),  until  past  the 
middle  of  the  follicle,  where  they  ai'e  found 
full  of  oil,  so  as  to  have  the  appearance  of 
ordintuy  fat-cells  [d,  e).  From  this  it  happens, 
that  when  an  entire  coecum  is  examined  micro- 
scopically, its  lower  half  appears  fiUed  with  a 
finely  granular  matter,  intermingled  with  nu- 
cleated particles;  and  the  upper  half  ^ith  a 
mass  of  fat-cells,  whose  nviclei  are  obscured  by 
the  oily  particles.* — In  Vertebrated  animals, 
however,  the  Liver  seems  to  be  constructed 
ujjon  a  different  plan ;  and  the  relation  be- 
tween the  secreting  cells  of  which  its  mass  is 
composed,  and  the  ducts  by  which  their  pro- 
duct is  conveyed-away,  is  very  difficult  to  de- 
termine satisfactorily  except  in  certain  Fishes, 
in  whose  liver  the  ducts  may  be  shown  to 
terminate  in  cseca  filled  with  cells,  as  in  the 
lower  animals,  t  In  ascending  through  the 
Vertebrated  series,  this  organ  presents  a  more 
and  more  solid  parenchymatous  texture,  which  strikingly  contrasts  wth 
its  loosely-lobulated  racemose  aspect  in  even  the  highest  Invertebrata. 
This  character  is  very  obvious  in  the  liver  of  Man,  which  is  peculiai'ly 
firm  and  compact,  and  has  less  of  connective  tissue  between  its  different 
parts,  than  is  found  in  that  of  many  other  Mammalia.  It  is  observable, 
moreover,  in  the  Human  liver,  that  certain  parts  are  nidimentaiy  which 
are  elsewhere  fully  developed.  Thus  in  the  Carnivora  and  Rodeutia, 
which  present  the  most  complex  form  of  liver  that  we  meet  with  among 
Mammalia,  there  are  five  distinct  parts;  namely,  a  'central'  or  principal 
lobe,  and  a  right  and  left  'lateral'  lobe,  each  with  its  'lobular  appendage. 
The  whole  mass  of  the  liver  of  Man,  which  we  ai-e  accustomed  to  describe 
as  consisting  of  a  'right'  and  'left'  lobe,  does  in  reality  form  but  one 
(there  being  no  real  division  between  its  two  portions),  which  must  be 
regarded  as  the  'central'  lobe;  the  'lobulus  Spigelii'  is  the  rudiment  ot  a 
right  'lateral'  lobe,  and  the  'lobulus  caudatus'  is  its  'lobular  appendage; 

*  See  Dr.  Leidy's  '  Researches  into  the  Comparative  Structure  of  the  Liver,'  in  "  Amer. 
Journ.  of  Med.  Sui.,"  .Tan.  1848. 

t  See  Dr.  T.  AVillianis,  in  "  Guy's  Hospital  Reports,"  1846,  p.  323. 


One  of  the  Hepatic  cccca  of  Asta- 
uits  ujiinis  (Cray  tish),  liiglily  magni- 
fied, sliowing  tlie  progress  of  deve- 
lopment of  the  secreting  cells  from 
the  blind  extremity  to  the  mouth  of 
the  follicle;  specimens  of  these,  in 
their  successive  stages,  are  shown 
separately  at  a,  b,  c,  d,  e. 
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I  but  the  left  'lateral'  lobe,  with  its  'lobular  appendage/  is  altogether 
'  imdeveloped. 

624.  In  examining  into  the  minute  structure  of  the  Liver,  we  shall 
first  consider  the  peculiarities  in  the  arrangement  of  its  Blood-vessels  and 
,  Ducts;  for  oxir  present  knowledge  of  which  we  ai^e  almost  entirely 
!  indebted  to  Mr.  Kiernan,*  whose,  account  of  them  will  be  here  followed ; 
Uiis  researches  having  been  confirmed  in  all  essential  particulars  by 
other  Anatomists.  —  When  the  Liver  is  closely  examined  with  the 
■  naked  eye,  it  is  seen  to  be  made-up  of  a  great  number  of  small  granular 
bodies,  about  the  size  of  a  millet-seed,  of  an  irregular  form,  and 
\  presenting   a    number  of  roimded  projecting  processes    upon  their 
-  surfaces.    These  are  commonly  termed  lobules,  although  by  some  Ana- 
I  tomists  they  are  spoken  of  as  acini.    When  divided  longitudinally, 
'they  have  a  somewhat  foliated  appearance  (Fig.  109),  arising  fi^om  the 

distribution  of  the  Hepatic  Vein; 
V  which,  passing  into  the  centre  of  each  Fig.  109. 

I  division,  is  termed  the  mtra-lobular 
^vein.  The  exterior  of  each  lobule 
l  is  covered  by  a  process  of  the  'cap- 
^sule  of  Glisson which  is  veiy  dense 
i  in  the  Pig  and  other  animals,  but 
is  so  thin  as  to  be  almost  undis-  a.-  ' 
t  tinguishable  in  the  Human  liver. 
1  Its  substance  is  composed  of  the 
1  minute  ramifications  of  the  before- 
mentioned  vessels,  arranged  in  the  W'6 
manner  presently  to  be  described;  connectiojioftheLoi?i;eso/^/(eLi««-withthe 

Vthe   spaces  between  which  are  filled    Hepatic  Vein;--a  trunk  of  the  vein;  6,  6,  lobules 
^  -,  T      n  "epending  from  its  branches,  like  leaves  on  a  tree; 

VSWltn    a    parenchyma,     composed    OI   the  centre  of  each  being  occupied  by  a  venous  twig, 

r  nucleated  cells,  like  those  shown  in  t^e  intralobular  vein. 
IFig.  1 14,  B.  The  structure  of  each  lobule,  then,  gives  us  the  essential  cha- 
ractei's  of  the  whole  gland. — The  lobules,  when  transversely  divided,  are 
usually  found  to  present  somewhat  of  a  pentagonal  or  a  hexagonal  shape, 
!  the  angles  being  somewhat  rounded,  so  as  to  form  a  series  of  passages  or 
inter-lohular  spaces  (Fig.  115) :  in  these  lie  the  branches  of  the  Vena  Portffi, 
land  of  the  Hepatic  Arteiy  and  Duct,  from  which  are  derived  the  plexuses 
that  compose  the  lobules.  Each  lobule,  when  examined  with  the  micro- 
scope, is  found  to  be  apparently  composed  of  numerous  minute  bodies  of 
>  yellowish  colour,  and  of  various  forms,  connected  together  by  vessels ;  to 
these  the  name  of  acini  was  given  by  Malpighi;  and  to  these,  if  they 
deserve  a  name,  it  ought  to  be  restricted.  They  will  be  presently  shown, 
however,  to  be  nothing  else  than  the  irregular  islets,  left  between  the 
meshes  of  the  plexus  formed  by  the  ultimate  ramifications  of  the  portal 
y<nn.  The  Vena  Ported,  which  is  formed  by  the  convergence  of  the 
•jins  that  return  the  blood  from  the  chylopoietic  viscera,  probably  also 
oceives  the  blood  which  is  conveyed  to  the  liver  for  the  purposes  of 
itrition  by  the  Hepatic  Artery.  Like  an  artery,  it  gi'adually  subdivides 
into  smaller  and  yet  smaller  branches;  and  at  last  it  forms  a  plexus  of 
N  ossels,  which  lie  in  the  inter-lobular  sjjaces,  and  spread  with  the  freest 

*  "  Philosopliical  Transactions,"  1833. 
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inosculation  throughout  the  entire  Liver.  To  these  vessels,  the  name  of 
^?^^er -lobular  Veins  was  given  by  Mr.  Kiernan.  They  ramify  in  the  cap- 
sules of  the  lobules,  coveriug  with  their  ramifications  the  whole  external 
svirface  of  these ;  and  then  enter  their  substance.  When  they  enter  the 
lobules,  they  are  termed  lobular  veins ;  and  the  plexus  formed  by  theu- 
convergence  from  the  chcumference  o£.  each  lobule  towards  its  centre 
(where  their  iiltimate  ramifications  terminate  in  those  of  the  intra-lobular 
or  hepatic  vein),  is  designated  as  the  lobular  venotcs  plexus  (Fig.  110). 

In  the  islets  of  this  plexus  (the 
acini  of  Malpighi),  the  ramifica- 
tions of  the  hepatic  duct  ai-e 
distributed,  in  the  manner  to 
be  presently  described. — The 
Hepatic  Artery  sends  branches 
to  every  part  of  the  Liver,  sup- 
plying the  walls  of  the  portal 
and  hepatic  veins,  and  of  the 
hepatic  ducts,  as  well  as  Ghs- 
son's  capsule.     The  principal 
distribution  of  its  branches, 
however,  is  to  the  Lobules, 
which  they  reach,  in  the  same 
manner  with  the  portal  vessels 
and  biliary  ducts,  by  spreading 
themselves  through  the  inter- 
lobular  spaces.     There  they 
ramify  upon  the  interlobular 
ducts,  and  upon  the  cajjsular 
surface  of  the  lobules,  which 
they  then  penetrate ;  their  mi- 
nuteness prevents  their  distri- 
bution within  the  lobules  from  being  clearly  demonstrable ;  but,  as  they 
enter  along  with  the  biliary  ducts,  there  can  be  little  doubt  that,  here  as 
elsewhere,  they  are  principally  distributed  upon  the  walls  of  these.   As  to 
the  ultimate  termination  of  the  caj)illaries  of  the  hepatic  artery, — whether 
they  enter  the  Portal  plexus,  or  the  Hepatic  Vein, — there  is  a  difference 
of  opinion  amongst  anatomists ;  the  former  view  being  upheld  by  Kiernan, 
the  latter  by  Miiller.  The  question  is  a  very  interesting  one  in  a  physiolo- 
gical point  of  view;  since,  if  the  former  account  be  the  true  one,  the  blood 
which  is  brought  to  the  liver  by  the  hepatic  artery  becomes  subservient 
to  the  secretion  of  bile,  only  by  passing  into  the  portal  plexus ;  whilst,  if 
the  latter  be  the  correct  statement,  either  the  arterial  blood  is  not  at  aU 
subservient  to  the  formation  of  bile,  or  the  secretion  can  be  elaborated 
from  the  arterial  capillaries.    The  experiments  of  Mr.  Kiernan  have 
satisfactorily  proved,  that  the  intralobular  or  hepatic  veins  cannot  be 
filled  by  injection  from  the  hepatic  artery,  though  they  may  be  readily 
filled  from  the  portal  plexus ;  whilst,  on  the  other  hand,  there  is  reason 
to  believe,  that  a  very  fine  injection  into  the  hepatic  arteries  will  find  its 
way  into  the  portal  plexus.*    It  is  certain  that  all  the  branches  of  the 

•  This  is  stated  to  have  been  the  case  in  the  injections  of  Lieberkiihn,  although  Mr. 
Kiernan  has  not  succeeded  in  cflfecting  it. 


Horizontal  section  of  three  superficial  Lobules,  showing 
the  two  principal  systems  of  B lond -vessels ; — a,  a,  intra- 
lobular  veins,  proceeding  from  the  Hepatic  veins;  b,  b, 
tn<e)*- lobular  plexus,  formed  by  branches  of  the  Portal 
vein. 
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hepatic  artery,  of  which  the  termination  can  be  ascertained,  end  in  the 
vena  port?e ;  a  free  capillary  communication  existing  between  their  two 
systems  of  branches,  on  the  walls  of  the  larger  blood-vessels  and  ducts. 
According  to  Miiller,  there  is  an  ultimate  plexus  of  capillary  vessels,  with 
which  all  the  three  systems  freely  communicate ;  but  for  this  idea  there 
is  no  adequate  foimdation ;  and  it  is  inconsistent  with  the  fact  just  stated, 
,  that  injection  into  the  hepatic  artery  does  not  return  by  the  hepatic 
vein.  The  views  of  Mr.  Kiernan  upon  this  point  have  received  im- 
portant confii-mation  from  the  researches  of  Mr.  Bowman  on  the  circula- 
tion in  the  Kidney  (§  635). — It  now  only  remains  to  describe  the  Hepatic 
Veins,  the  branches  of  which  occupy  the  interior  of  the  lobules,  and  are 
termed  m^ra-lobular  veins  (a,  a,  Figs.  110  and  111).  On  making  a 
transvei"se  section  of  a  lobule,  it  is  seen  that  the  central  vessel  is  formed 
by  the  convergence  of  from  four  to  six  or  eight  minute  venules,  which 
ai'ise  from  the  processes  upon  the  surface  of  the  lobule.  In  the  super- 
ficial lobules  (by  which  term  are  designated  those  lobules  which  lie  upon 
the  exterior  of  the  glandular  substance,  not  only  upon  the  surface  of  the 
liver,  but  also  against  the  walls  of  the  larger  vessels,  ducts,  &c.)  the 
intralobular  veins  commence  directly  from  their  surface ;  and  the  minute 
venules  of  which  each  is  composed  may  be  seen  in  an  ordinary  injection, 
converging  from  the  cu'cumference  towards  the  centre,  as  in  the  trans- 
verse section  of  other  lobules.  The  intralobular  veins  terminate  in  the 
lai'ger  trunks,  which  pass  along  the  bases  of  the  lobules,  collecting  from 
them  their  venous  blood;  these  are  called  by  Mr.  Kiernan  sublobtdai-  veins. 
The  main  trunk  of  the  Hepatic  Vein  terminates  in  the  ascending  Vena 
Cava. 

625.  The  Hepatic  Duct  forms,  by  its  subdivision  and  ramification,  an 
interlobular  plexus  very  like  that  of  the  p6rt-al  vein;  but  the  anasto- 
mosis between  the  branches  going  to  the  different  lobules  is  less  intimate 
than  that  of  the  inter- 
lobulai'  veins,  and  cannot 
be  directly  demonstrated; 
although  Mr.  Kiernan 
thinks  that  his  experi- 
ments leave  but  little 
doubt  of  its  existence, — 
a  communication  (which 
cannot  be  seen  to  be  esta- 
blished by  any  nearer 
channel)  being  proved  to 
exist  between  the  right 
and  left  primaiy  subdivi- 
sions of  the  duct.  The 
interlobular  ducts  ra- 
mify upon  the  capsular 
surface  of  the  lobules, 
with  the  branches  of  the 
portal  vein  and  hepatic 
artery ;  they  then  enter  its  substance,  and  subdivide  into  minute  branches, 
which  are  believed  to  anastomose  with  each  other,  and  to  form  a  reticulated 
plexus,  tenned  by  Mr.  K.  the  lobular  biliary  lolexus  (Fig.  Ill),  Tliis 


Fig.  111. 


Horizontal  section  of  two  superficial  Lobules,  showing  the  inter- 
lobular plexus  of  Biliary  Ducts;— a,  a,  intralobular  veins;  b,  b, 
trunks  of  biliary  ducts,  proceeding  from  the  plexus  which  tra- 
verses the  lobules ;  c,  interlobular  tissue  ;  d,  parenchyma  of  the 
lobules. 
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plexus  constitutes  the  principal  part  of  the  substance  of  the  lobule ;  and 
when  seen  through  the  meshes  of  the  portal  plexus,  gives  rise  to  the 
appearance  of  csecal  terminations  of  ducts.  No  such  terminations  of 
these  ducts  have  been  traced,  however,  in  the  adult  liver  of  any  of  the 
higher  animals,  although  they  are  sufficiently  evident  in  the  embryonic 
condition.  From  the  analogy  of  other  organs,  there  would  seem  good 
reason  to  believe,  that  the  ultimate  ramifications  of  the  hepatic  ducts 
anastomose  freely  together,  and  that  they  form  a  network,  in  which 
their  terminations  are  lost,  as  it  were,  without  forming  true  caeca.  This 
view  of  the  matter  finds  confirmation  in  the  curious  fact  pointed  out 
by  Mr.  Kiernan,  that,  in  the  left  lateral  liffament,  the  essential  parts  of  a 
lobule  are  found  in  the  simplest  form  and  arrangement.  From  the  edge  of 
the  liver  next  to  the  ligament,  numerous  ducts  emerge,  which  ramify 
between  the  two  layers  of  peritoneum  of  which  the  ligament  is  composed. 
They  are  accompanied  by  branches  of  the  portal  and  hepatic  veins,  and 
of  the  hepatic  artery;  which  also  ramify  in  this  ligament,  especially 
aroiuid  the  parietes  of  the  ducts.  These  ducts,  of  which  some  are  occa- 
sionally of  considerable  size,  divide,  subdivide,  and  anastomose  with  each 
other;  and  the  meshes  formed  by  the  network  of  larger  or  excreting 
ducts,  are  occupied  by  minute  plexuses  of  their  iiltimate  ramifications  or 
secreting  ducts. — Tlie  more  recent  observations  of  Dr.  Leidy  (loc.  cit.) 
haraionize  precisely  with  the  view  promulgated  by  Mr.  Kiernan,  and 
seem  to  confirm  the  idea,  that  here,  as  elsewhere,  the  hepatic  cells  are 
enclosed  in  a  limitary  membrane.  "  The  lobules  are  composed  of  an 
intertextm-e  of  biliary  tubes  (Fig.  112);  and  in  the  interspaces  of  the 
network  the  blood-vessels  ramify  and  form  among  themselves  an  intricate 
anastomosis,  the  whole  being  intimately  connected  together  by  a  com- 
bination of  the  white  fibrous  and  the  yellow  elastic  tissue.    In  structm-e, 


Fu;  112."  Fig.  llS.f 


*  Transverse  section  of  a  Lobule  of  the  Human  Liver,  showing  the  reticular  arrangement 
the  Bile-ducts,  with  some  of  the  branches  of  the  Hepatic  Vein  in  the  centre,  and  those  of  t 
Portal  System  at  the  periphery. 

t  A  small  portion  of  this  section  more  highly  magnified,  showing  the  secreting  cells  with 
the  tubes. 


the  biliary  tubes  (Figs.  113,  114)  correspond  with  those  of  Invertebrata, 
consisting  of  cylinders  of  basement-membrane,  containing  numerous 
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^secreting  cells,  and  the  only  difference  exists  in  the  arrangement,  the  free 
tubes  of  the  lower  animals  becoming  anastomosed  on  forming  an  inter- 
textiu-e  in  the  Vertebrata.  The  tubuli  vary  in  size  in  an  unimportant 
degree  in  different  animals,  and  also  in  the  same  animal,  being  generally 
from  two  to  two  and  a  half  times  the  diameter  of  the  secreting  cells. 

:The  tubes  of  one  lobule  are  distinct  from  those  of  the  neighbouring 

;  lobuli,  or  only  commvmicate  indirectly  by  means  of  the  trunks  of  hepatic 
ducts,  originating  from  the  tubes,  and  lying  in  the  interspaces  of  the 
lobuli.    The  secreting  cells  (Fig.  114,  b)  are  irregularly  angular  or  poly- 

^gonal  in  form,  from  mutual  pressure,  and  line  the  interior  surface  of  the 

t  tubes.    They  vary  in  size  in 


B 


i;ia  moderate  degree  in  dif-  Fig.  114. 

kferent  animals,  and  also  in  a 
I  the  same  animal,  appearing 
t'to  depend  upon  certain  con- 
■  ditions  of  the  animal  and 
liver."  *     The  subsequent 
observations  of  Dr.  Natalis 
Guillott  are  mainly  to  the 
ssame  effect.     He  has  not 
been  able,  however,  to  dis- 
tinguish membranous  pa- 
rrietes  around  these  canals; 
land  he  considers  that  they 
I  are  simply  channeUed-out  in 
t  the  parenchyma  of  the  liver, 
i^he  particles  of  which  form 
idts  sole  borders.  Professor 

[Rpf7in«  liowpxrpv   ViTT  n  rinr-  portion  of  a  Biliary  Tube,  from  Human  Liver,  with  the 

I  neiZUlb,  no\\  ever,  uy  a  pai  secreting  cells :— b,  secreting  cells  detached,  a,  in  their  normal 

titicillar  method  of  prepara-  state,  6,  a  cell  more  highly  magnified,  showing  the  nucleus  and 

t?"ion    has  been  able   to  de  "^^tinct  oU-particles,  c,  in  various  stages  of  fatty  degeneration. 

Dfoaonstrate  the  existence  of  a  basement-membrane  surrounding  the  biliary 
>sells,  and  forming  a  plexus  of  hepatic  ducts,  as  described  by  Dr. 
LLeidy.  | 

626.  The  biliary  cells  of  the  Human  liver  (Fig.  114,  b)  are  usually  of 
ia  flattened  spheroidal  form,  and  from  l-1500th  to  l-2000th  of  an  inch 
':i  diameter.  Each  of  them  presents  a  distinct  nucleus;  and  the  cavity 
if  the  cell  is  occupied  by  yellow  amorphous  biliary  matter,  usually 
liaving  one  or  two  large  adipose  globules,  or  five  or  six  small  ones,  inter- 
mingled with  it  (a,  b).  The  size  and  number  of  these,  however,  vary 
(considerably,  according  to  the  nature  of  the  food,  the  amount  of  exercise 
recently  taken,  and  other  circumstances.    If  an  animal  be  very  fat  or 

•  See  "American  Journal  of  the  Medical  Sciences,"  Jan.  1848. — Dr.  Lcidy  does  not 
■locify  the  mode  in  which  his  preparations  have  been  made ;  but  we  understand  that  his 
plan  is  to  drT/  a  small  portion  of  injected  liver,  then  to  make  as  thin  a  slice  of  this  as  possible, 
and  to  examine  this  slice  when  restored  to  its  original  condition  by  moisture. 
+  "Annales  des  Sciences  Naturelles,"  Mars,  1848. 

t  See  the  account  of  his  researches  in  "  Muller's  Archiv.,"  18,'SO.    His  method  consists 
in  first  macerating  a  piece  of  liver  in  ether,  then  drying  it,  cutting  thin  sections  from  it  in  this 
'  ondition,  and  soaking  these  in  water  until  they  become  transparent. — For  a  very  different 
iew  of  the  structure  of  the  Liver,  see  Dr.  Handfield  Jones's  papers  in  the  "  Philosopliical 
I'ransftctions"  for  1846  and  1849. 
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well  fed,  especially  with  farinaceous  or  oleaginous  substances,  the  propor- 
tion of  adipose  particles  is  much  greater  than  in  an  animal  moderately 
fed  and  taking  much  exercise  (c).  The  size  of  the  globules  varies  from 
that  of  mere  points,  scarcely  distinguishable  from  the  granular  contents 
of  the  cells  except  by  their  intense  blackness,  up  to  one-fourth  of  the 
diameter  of  the  cell.  The  finely-granular  matter  is  the  portion  from 
which  the  colour  of  the  cell  is  derived ;  it  seems  to  fill  the  space  not 
occupied  by  the  oil-globules ;  and  it  often  obscm-es  the  nucleus,  so  tha.t 
the  latter  cannot  be  distinguished  until  acetic  acid  is  added,  which  makes 
the  granulai"  matter  more  transparent  without  affecting  the  nucleus. — A 
still  greater  accumulation  of  adipose  particles  in  the  biliary  cells,  gives 
rise,  as  was  first  pointed-out  by  Mr.  Bowman,*  to  the  peculiar  condition 
termed  'fatty  liver,'  (§  628.)  + 

627.  The  knowledge  of  the  distribution  of  the  Biliary  ducts,  and  of 
the  two  chief  systems  of  Blood-vessels,  in  the  lobules  of  the  Liver,  has 
enabled  Mr.  Kiernan  to  give  a  most  satisfactory  explanation  of  appearances, 
by  which  Pathological  anatomists  had  been  previously  much  perplexed. 

When  the  liver  is  in  a  state  of  A  ncemia 
Fig.  115.  (which  rarely  happens  as  a  natural  con- 

dition, although  it  may  be  induced  by 
bleeding  an  animal  to  death),  the  whole 
substance  of  the  lobules  is  pale,  as  re- 
presented in  Fig.  115.  In  general,  how- 
ever, the  liver  is  more  or  less  congested 
at  the  moment  of  death ;  and  this  con- 
gestion may  manifest  itself  in  seveiul 
ways.  The  whole  substance  may  be 
congested;  in  which  case  the  lobules 
present  a  nearly  uniform  dark  colour 
throughout  their  substance,  theu  centi'es 
,  ,  ,  ,   .     .  .   r  ^      ■       beina;  usually  more  deeply-coloured  than 

A,  angular  lobules  in  a  state  of  ^nffiTOia,  as    ,t  .  i  /> 

they  appear  on  the  external  surface  of  the  liver;    the  margins.      An  appearance  morC  tl'C- 

B.interlobularspaces;  cinterlobularfissures;  nuPlltlv  offpvpd  aftpr  dpflth  howeVCr,  is 
D,  interlobular  veins,  occupying  the  centres  of   qucuuy  onciCU  dltLl    UOatU,  uuwt!>ci,  lo 

the  lobules;  e,  smaller  veins,  terminating  in  that  represented  at  Fig.  116,  and  termed 

the  central  veins.  2;^^^,^^^^  g^^ge  of  Eepatic 

Venous  congestion.  In  this,  the  isolated  centres  of  the  lobules  alone 
pi'esent  the  colour  of  sanguineous  congestion ;  and  the  sm-roundiug  sub- 
stance varies  from  a  yellowish-white,  yellow,  or  greenish  colour,  according 
to  the  quantity  and  quality  of  the  bile  which  it  contains.  This  acciunu- 
lation  of  the  blood  in  the  hepatic  veins,  and  the  emj)tiness  of  the  portal 

• 

*  "  Medical  Gazette,"  Jan.  1842. 

t  It  has  been  recently  maintained  by  Dr.  Handfield  Jones  ("Medical  Times,"  Jan.  31, 
1852,  p.  122),  that  "the  cells  of  the  liver  are  not  the  constant  and  necessary  agents  m  the 
secretion  of  bile,  find  that  the  occurrence  of  this  secretion  in  them  is  rather  to  be  viewed  as 
an  accidental  if  not  a  pathological  phenomenon  ;  the  real  function  of  the  cell  being  to  prodiicc 
the  sugar  out  of  the  blood  supplied  to  them,  which  is  absorbed  and  carried  off  by  the  hepatic 
vein."    The  arguments  adduced  in  support  of  this  opinion  are,  that  in  perfectlj-^^  healtliy 
livers  of  animals,  bile  is  not  ordinarily  to  be  seen  in  the  contents  of  the  cells,  while  it  ^^^^^^^ 
common  in  those  of  persons  who  have  died  of  various  diseases;  €and  that  in  extracts  "'^^^j 
the  parenchymata  of  various  livers,  Pettenkofer's  test  gave  very  little  or  no  evidence  ot 
presence  of  biliary  matter. — A  far  larger  amount  of  research  is  necessary,  however,  to  estab  is 
such  a  novel  and  (at  first  sight)  very  improbable  view. 
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tlexus,  seem  due  to  the  continuance  of  capillaiy  action  after  the  general 

irciilation  has  ceased,  a  circumstance  to  which  we  find  an  exact  parallel 
11  the  emptiness  of  the  systemic 
irteries,  and  the  fulness  of  the  veins, 
ifter  most  kinds  of  death. — In  the 

cond  stage  of  Hepatic  Venous  con- 
gestion, the  accumulation  of  blood  is 
ouud  not  only  in  the  intralobular 
reins,  but  even  in  parts  of  the  portal 

r  lobular  venous  plexus.  The  parts  • 
.vliich  are  fi-eest  fi'om  it  are  those  sur- 
•ounding  the  interlobular  spaces;  so 
hat  the  non-congested  substance  here 
1  ppears  in  the  fonn  of  circular  or  irre- 
gular patches,  in  the  midst  of  which 
he  spaces  and  fissm*es  are  seen  (Fig. 

17).*  Although  the  portal  as  well 
IS  the  hepatic  venous  system  is  thus 

uvolved  in  this  form  of  congestion,     .  .„„„^„j      i   ■      ,  ^      err  r, 

.  ^    °,  A,  rounded  lobules  in  ^rsf  stage  of  iyejoaiic  Fe- 

et, as  the  obstruction  evidently  on-   nous  congestion,  as  they  appear  on  the  surface  of 

■:iuates  in  the  latter,  the  term  given  t^^^'^":    interlobular  spaces  and  fissures. 
»y  j\ir.  Kiernan  is  still  applicable ;  and  it  is  important  to  distinguish  this 
ppearance  from  that  next  to  be  described.    The  second  stage  of  He^jatic 
>  Venous  congestion  very  commonly  attends  disease  of  the  heart,  and  other 
iisorders  in  which  there  is  an  im- 

)odiment  to  the  venous  circulation;  Fig.  117- 

nd  in  combination  with  accumula- 
ion  in  the  biliary  ducts,  it  gives  rise 

0  those  various  appearances,  which 
re  known  under  the  name  of  di'am- 
rinkers'  or  nutmeg  liver.  —  The 
ther  form  of  partial  congestion 
rises  from  an  accumulation  of  blood 

1  the  portal  veins,  with  a  reverse 
iiudition  of  the  hepatic  or  intra- 
ibular  veins;  in  this  condition,  which 
Ir.  K.  designates  as  Portal  Venous 
digestion,  the  marginal  portions  of 
'le  lobules  are  of  deeper  colom'  than 

ual,  and  form  a  continuous  net- 

'rk,  the  isolated  spaces  between 
liich  are  occupied  by  the  non-con- 
'  sted  portions  (Fig.  118).    This  is 

very  rare  occun-ence ;  having  been 
}en  by  Mr.  K.  in  children  only. — These  differences  fully  explain  the 
ivei-sity  of  the  statements  of  different  anatomists,  as  to  the  relative 
"sition  of  the  so-called  red  and  yellow  substances;  for  it  now  appeal's, 

This  very  common  aspect  of  the  Liver,  which  presents  numerous  modifications,  has  been 
lurce  of  great  perplexity  to  tliose  who  liave  studied  the  minute  anatomy  of  this  organ,  and 
even  led  Anatomists  of  the  highest  eminence  into  serious  errors.  See  Mr.  Erasmus  Wilson 
"  Cyclop,  of  Anat.  and  Physiol.,"  vol.  iii.  pp.  1 85,  186.  ' 


A,  lobules  in  the  «ecowd  stage  of  Hepatic  Venous 
congestion;  b,  and  c,  interlobular  spaces;  d.  con- 
gested intralobular  veins;  e,  congested  i)atchcs, 
extending  to  the  circumference  of  the  lobules;  f, 
non-congested  portions  of  lobules. 
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A,  lobules  as  they  appear  on  the  surface  in  a 
state  of  Portal  Venous  congestion;  d,  interlo- 
bular spaces  and  fissures;  c,  intralobular  hepatic 
veins,  containing  no  blood;  d,  the  central  por- 
tions in  a  state  of  antemia  ;  e,  the  marginal 
portions  in  a  congested  state. 


that  the  red  substance  is  the  congested  portion  of  the  lobules,  which  may 
be  either  interior  or  exterior,  or  irregularly  disposed;  whilst  the  yellow  is 
the  non-congested  part,  in  which  the  biliary  plexus  shows  itself  more  or 
less  distinctly. — Another  very  interesting  form  of  Pathological  change  in 

the  aspect  of  the  Liver,  which  the 
Fig.  118.  knowledge  of  the  structure  of  the 

lobules  enables  us  to  comprehend,  is 
that  to  which  the  name  of  Cirrhosis 
has  been  given.    This  has  been  erro- 
neously attributed  to  the  presence  of 
a  new  deposit,  analogous  to  that  of 
tubercular  matter;  but  it  is  really 
due  to  atrophy  and  partial  congestion 
in  the  liver  itself.    It  is  described  by 
Laennec  as  usually  presenting  itself 
in  small  masses,  varying  in  size  from 
a  cherry-stone  to  a  millet-seed,  and 
scattered  through  the  substance  of 
the  liver.    When  these  are  minute 
and  closely  set,  they  impart  what 
appears  at  first  to  be  a  uniform 
brownish-yellow  tint  to  the  divided 
sm-face  of  the  liver;  but  when  the 
tissue  is  more  attentively  examined, 
their    separation  becomes  evident 
These  small  masses  are  not  distinct  lobules  in  a  variable  state  of  hyper- 
trophy (as  supposed  by  Cruveilhier) ;  but  small  uncongested  patches, 
composed  of  parts  of  several  adjoining  lobides,  and  having  one  or  more 
interlobular  spaces  for  a  centre;  and  the  biliaxy  plexuses  of  these,  being 
filled  with  bile,  give  them  their  yellow  colour.    On  the  other  hand,  there 
is  an  atrophy,  more  or  less  complete,  of  the  portions  of  the  substance 
of  the  liver  intervening  between  them;  so  that  the  bulk  of  the  whole 
organ  is  much  diminished,  very  commonly  to  one-half,  and  sometimes 
to  one-third  of  its  original  size. 

628.  Among  the  most  frequent  of  the  pathological  changes  which  the 
assistance  of  the  Microscope  enables  us  to  discern  in  the  bihaiy  cells,^  is 

that  engorgement  with  adipose  particles,  which 
is  observable  in  the  condition  of  the  organ 
known  as  'fatty  liver'  (Fig  119).  This  state 
having  been  frequently  observed  in  individuals 
who  have  died  of  phthisis  or  other  diseases  of 
the  lungs  involving  deficient  respiration,  has 
been  imputed  to  a  vicarious  action  of 
liver,  which  (as  was  supposed)  made  an  effort 
thus  to  discharge  the  hydi-ocarbonaceous  mat- 
ters that  should  normally  be  eliminated  by  the  lungs.  But  such  a  view 
is  inconsistent  with  various  facts,  which  show  (as  Mr.  Paget  has  justly  i- 
marked)*  that  the  fatty  liver  is  an  inactive  organ,  one  which  is 
less  than  its  ordinary  function,  and  that  the  accumulation  of  fat  m 

•  '  Lecturer  on  Nutrition,'  &c.  in  "  Medical  Gazette,"  1847,  vol.  xL,  p.  235. 


Fig.  119. 


Hepatic  Cells  gorged  with  Fat : 
a,  atrophied  nucleus  ;  b,  adipose  glo- 
bules. 
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•ells  is  rather  to  be  considered  as  a  mark  of  'fatty  degeneration.'   For  the 
luclei  disappear,  the  proper  colouring-  matter  of  the  bile  can  no  longer  be 
hstiuguished,  the  liver  increases  in  size  owing  to  the  tardy  or  obstructed 
r  emoval  of  its  cells,  and  its  paleness  indicates  a  slow  and  defective  supply 
Df  blood ;  moreover  the  fatty  liver  presents  itself  in  many  cases  in  which 
lihere  has  been  no  deficiency  of  respiration,  and  is  jfrequently  absent  in 
.jphthisical  subjects;  and  there  is  no  evidence  whatever,  that  the  organ  when 
in  this  state  dischai'ges  any  unusual  amount  of  fat  into  the  alimentary  canal. 
>:5till  there  can  be  little  doubt  that  the  accumulation  of  adipose  matter  in 
l^he  biliary  cells  is  favom-ed  by  deficiency  of  respiration,  since  this  will  tend 
lvo  increase  the  quantity  which  the  circulating  fluid- contains.  Through- 
out the  Animal  series,  moreover,  a  marked  relation  of  reciprocity  is 
iliscernible  between  the  amount  of  fat  contained  in  the  Hepatic  apparatus, 
and  the  activity  of  the  respiratory  function ;  thus  in  Birds,  the  biliary 
ejells  scai'cely  contain  any  fatty  particles,  whilst  in  Reptiles  and  Fishes 
Ivhey  ai'e  loaded  with  them;  and  nearly  the  same  difference  may  be  seen 
leietween  the  biliary  cells  of  Insects  and  those  of  Crustacea  and  MoUusca. 
i — Various  other  alterations,  however,  have  been  noticed.   Dr.  T.  Williams 
^laentions,*  that,  in  a  case  of  obstruction  of  the  ductus  choledochus 
ly  malignant  disease,  which  occasioned  complete  interruption  to  the 
tassage  of  bile,  and  consequent  jaundice,  scarcely  an  entire  nucleated 
I'll  could  be  discovered  by  attentive  examination  of  a  large  part  of  the 
gau.    Nothing  more  than  minute  free  particles  of  fat,  and  free  floating 
morphous  granular  matter,  could  be  detected.    He  farther  states  that, 
1  a  case  of  fever,  the  hepatic  cells  were  found  to  be  almost  entirely  des- 
tute  of  fatty  particles;  and  that  in  what  is  known  as  'granular  liver,' 
le  granules  (which  have  much  the  appearance  of  tubercles)  consist  of 
jlls,  which  strongly  resemble  the  ordinary  cells  of  the  parenchyma  of  the 
ver  in  every  respect,  except  that  they  are  almost  or  completely  desti- 
ite  of  yellow  contents.    Similar  observations  have  been  also  recorded  by 
'r.  G.  Budd.t — In  two  cases  of  jaundice  examined  by  Mr.  Gulliver,  the 
■patic  cells  were  gorged  with  biliary  matter;  some  of  them  to  such 
.1  extent,  that  they  had  become  nearly  opaque.    Perhaps  if  this  con- 
ition  had  continued,  these  cells  would  have  been  all  ruptured,  and 
le  state  of  the  organ  would  have  resembled  that  described  by  Dr. 
.'illiams. 

629.  Previously  to  birth,  the  Liver  is  the  only  decarbonising  organ  in 
lO  system,  the  lungs  being  at  that  time  inert;  and  nearly  the  whole  of  the 
ood  retm-ning  from  the  placenta  passes  through  this  organ,  before  pro- 
cding  to  the  heart,  to  be  distributed  by  it  to  the  body  generally.  The 
ver  of  the  foetus,  moreover,  is  considerably  larger  in  proportion  than  that 

the  adult;  and  its  functional  importance  is  obviously  great.  There 
n  be  no  question  that  the  secretion  of  bile  is  actively  taking  place 
I  ring  the  latter  part  (at  least)  of  foetal  life ;  for  a  large  accumidation  of 

presents  itself  in  the  intestinal  canal  of  the  new-born  infant, — the 
econium  having  been  found  by  the  analyses  of  Simon;}:  and  of  Frerichs§ 

be  chiefly  made  up  of  the  characteristic  components  of  the  biliary 

•  "Guy's  Hospital  Reports,"  1843. 

t  See  his  Treatise  on  "  Diseases  of  the  Liver,"  2nd  edit.,  pp.  211,  247,  &c.. 
t  "Animal  Chemistry,"  translated  by  Dr.  Day,  vol.  ii.  p.  367. 

§  Dr.  Day's  '  Report  on  Chemistry,'  in  "  Ranking's  Half-yearly  Abstniet,"  vol.  iii.  p.  314. 
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secretion. — As  soon,  however,  as  the  placental  circulation  is  cut  off,  and  the 
Lungs  of  the  infant  come  into  play,  the  supply  of  hlood  transmitted  to 
the  liver  is  almost  immediately  lessened ;  this  diminution  being  usually 
made  very  evident  within  a  short  time  after  birth,  by  the  comparative 
paleness  of  the  substance  of  the  gland.  It  has  been  proposed  to  give  this 
fact  a  practical  bearing,  in  those  judicial  inquu-ies  which  ai-e  directed  to 
the  determination  of  the  question,  whether  or  not  an  Infant  has  respired 
after  birth;  it  having  been  conceived,  that  the  diversion  of  the  cuiTent  of 
blood  from  the  Liver  to  the  Lungs,  consequent  upon  the  first  insphar 
tion,  would  be  sufiicient  to  make  a  certain  diflFerence  in  their  relative 
weights,  if  that  insphation  had  taken  place.  More  careful  and  extended 
observations,  however,  have  satisfactorily  proved  that,  although  an  in- 
crease in  the  weight  of  the  Lungs,  and  a  diminution  of  that  of  the  Liver, 
are  generally  found  to  exist  after  respiration  has  been  fully  established, 
they  are  not  by  any  means  constantly  produced  when  the  inspu-ations 
have  been  feeble,  as  they  frequently  are  for  some  hoiars  or  days  after 
birth ;  whilst,  on  the  other  hand,  it  is  not  uncommon  to  meet,  in  infants 
that  have  not  breathed,  with  Lungs  as  heavy,  and  Livers  as  light,  as  in 
the  average  of  those  which  have  respired.* 

G30.  We  have  now  to  consider  the  conditions,  under  which  the  secre- 
tion of  Bile  takes  place ;  and  one  of  the  most  important  of  these,  is  the 
character  of  the  Blood  with  which  the  organ  is  supplied.  We  have  seen 
that  there  is  anatomical  reason  for  the  belief,  that  the  blood  supplied  by 
the  hepatic  artery  is  not  directly  concerned  in  the  secretion ;  but  that  it 
first  serves  for  the  nutrition  of  the  organ,  and  then,  passing  into  the 
portal  system  (in  the  same  manner  as  does  the  blood  of  the  mesenteric, 
and  other  arteries),  forms  part  of  the  mass  of  venous  blood,  from  which 
the  secreting  cells  elaborate  their  product.  This  view  is  borne  out  by  the 
results  of  experiment,  and  of  pathological  observation.  For,  if  the  Vena 
Portee  be  tied,  the  secretion  of  bile  stiU  continues,  though  in  diminished 
quantity ;  and  several  cases  are  on  record,  in  which,  through  a  malforma- 
tion, the  vena  porta;  terminated  in  the  vena  cava  without  ramifying  tlu'oiigh 
the  liver,  and  in  which  secretion  of  bile  took  place, — evidently  fi'om  the 
blood  of  the  hepatic  arteiy,  which  had  become  venous  by  circulating 
through  the  substance  of  the  liver;  and  this  blood  appears t  to  have 
passed  into  the  ramifications  of  the  umbilical  vein,  which  formed  a  plexus 
in  the  lobules,  exactly  resembhng  the  ordinary  portal  plexus.  It  must  be 
remembered,  however,  that  in  all  these  instances,  the  arterial  Blood  will 
become  abnormally  charged  with  the  elements  of  bile ;  since  the  blood 
of  the  chylopoietic  viscera,  from  which  it  ought  to  have  been  separated, 
returns  to  the  heart  without  undergoing  any  such  pm-ification;  and  the 
secretion  of  bile  from  the  blood  supplied  by  the  hepatic  ai'tery,  under 
such  circumstances,  cannot,  therefore,  be  considered  as  proving  that  the 
arterial  blood  is  ordinarily  concerned  in  the  secretion  to  the  same  degree. 
— The  fact  that  this  secretion  is  normally  formed  from  venous  blood,  is  a 
strong  indication  that  one  pm^DOse  of  its  separation  is  the  removiii  ot  a 
portion  of  the  products  of  the  disintegi-ation  of  the  tissues:  and  that, 
large  amount  of  hydrocarbonaceous  matter  will  remain  to  be  excrete  , 

•  See  Dr.  Guy,  in  "  Edinb.  Med.  and  Surg.  Journ.,"  vols.  Ivi.  and  Ivii. 
t  This,  at  least,  was  found  to  be  tlic  case,  in  the  only  instance  m  which  tlic  i^no 
examined  with  sufficient  care.    See  Kienmn,  loc.  cit. 
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I  ifter  the  constituents  of  urea  have  been  subtracted  from  those  of  albumen 
gelatin,  has  been  akeady  pointed  out  (§  91,  vi.).    But,  again,  the  posi- 
ion  of  the  Liver  in  regard  to  the  mesenteric  vessels  is  such,  that  all  the 
.  lew  alimentary  materials  which  are  received  by  them  must  pass  through 
:  t  and  be  submitted  to  its  action,  before  they  enter  the  general  current  of 
!  he  chculation ;  and  there  are  several  circumstances  which  render  it  pro- 
nible  that  it  exercises  a  depurative  as  well  as  an  assimilating  power  over 
;  hese,  and  that  whilst  it  assists  in  preparing  for  nutrition  those  azotized 
ubstances  which  are  capable  of  being  applied  to  that  jDurpose,  and  also 
Transforms  non-azotized  matters  into  compounds  which  are  more  ready 
'0  undergo  combustion  and  are  thus  better  fitted  for  sustaining  the  heat 
hf  the  body  by  respiration,  it  also  eliminates  certain  substances  whose 
49assage  into  the  general  circulation  would  be  injurious. — This  is  assuredly 
hhe  case  with  regard  to  copper  and  certain  other  mineral  poisons  (§  89) ; 
und  it  seems  also  to  be  true  with  respect  to  pus,  which,  when  taken-up 
nrom  ulcers  in  the  intestinal  walls,  is  stopped  in  the  liver,  and  not  unfre- 
Duently  gives  rise  to  abcesses  in  its  substance.* 

631.  When  from  any  cause  the  secretion  of  Bile  is  susioended,  the 
iabstances  at  the  expense  of  which  it  is  formed  accumulate  in  the  Blood  j 
imd  their  excrementitious  character  is  strikingly  demonstrated  by  the 
iiisturbance  of  other  functions,  especially  those  of  the  Nervous  system, 
frhich  then  ensues.  When  the  suppression  is  complete,  the  patient  sud- 
eenly  becomes  jaundiced,  the  powers  of  that  system  are  speedily  lowered 
iklmost  as  by  a  narcotic  poison),  and  death  rapidly  supervenes.  +  When 

IflB  secretion  is  diminished,  but  not  suspended,  the  same  symptoms  pre- 
Bnt  themselves  in  a  less  aggravated  form.    It  is  probable  that  much  of 
ine  disorder  in  the  functions  of  the  brain,  which  so  constantly  accompanies 
SBranged  action  of  the  digestive  system,  is  due'  to  the  less  severe  opera- 
3(on  of  the  same  cause ;  namely,  the  partial  retention  within  the  blood,  of 
lertain  constituents  of  the  bile,  which  should  have  been  eliminated  fi-om 
ifie  circulating  fluid.    Such  an  abnormal  accumulation,  which  may  depend 
ther  on  a  deficiency  in  the  functional  activity  of  the  liver,  or  on  an  excess 
the  excrementitious  matters  brought  to  it  for  elimination,  is  habitviai 
some  persons;  and  it  produces  a  degi'ee  of  indisposition  to  bodily  or 
cntal  exertion,  which  it  is  difficult  to  counteract.    More,  probably,  is  to 

•  gained  in  such  cases  by  the  regulation  of  the  diet,  especially  the  re- 
iction  of  its  hydro-carbonaceous  components,  and  by  active  exercise 
hich,  by  augmenting  the  respiration,  will  promote  the  elimination  of 
ly  supei'fluity  of  this  kind  through  the  lungs),  than  by  continually 

*  See  Dr.  G.  Budd's  "  Treatise  on  Diseases  of  the  Liver,"  2nd  edit.,  Chap,  ii.,  sect.  1. 

t  See  Dr.Alison  in  "  Ed.  Med.  &  Surg.  Joum.,"  vol.  xliv;  and  Dr.  Budd,  Op.  Cit.,  Chap.  iii. 
From  the  evidence  collected  by  Dr.  Budd,  he  is  led  to  think  it  probable  th.it  the  cerebral 
nptoms  are  not  due  to  the  simple  retention  of  the  materials  of  Bile  ;  but  depend  upon  some 
tamorphosis  which  these  undergo  whilst  circulating  Avith  the  blood,  whereby  a  more 
Kiom  poison  is  generated.  For  the  general  symptoms  of  suppressed  secretion  may  have 
•wn  themselves  for  some  time,  before  any  serious  disturbance  occurs  in  the  cerebral  fuiic- 
118;  and  this  may  supervene  very  suddenly,  and  be  fatal  in  a  few  hours  (p.  263).  The 
dogy  of  Ura3mia  637)  seems  to  afford  some  confirmation  to  this  view  ;  but  it  must  be 
ne  in  mind  as  a  possible  explanation  of  the  phenomena,  and  one  which  has  evidence  in  its 
our,  that  the  kidneys,  by  a  vicarious  action,  remove  tlie  most  poisonous  of  the  retained 
ary  matters  ;  and  that  it  is  only  when  they  can  no  longer  effect  this,  that,  the  results 
the  accumulation  of  these  matters  begin  to  show  themselves  in  the  perversion  of  the 
ctions.  of  the  nervous  centres. 
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inciting  the  liver  to  increased  functional  activity,  by  medicines  which 
have  a  special  power  of  temporarily  augmenting  its  energy. — The  re- 
ahsorption  of  Bile  into  the  blood,  as  seen  in  ordinaiy  cases  of  jaundice 
dependent  upon  the  obstruction  of  the  biliary  ducts,  does  not  act  on  the 
general  system  in  a  manner  neai'ly  so  iujm-ious,  as  the  retention  of  the 
matters  at  the  expense  of  which  it  is  formed  has  been  shown  to  doj*  in 
fact,  much  of  the  disturbance  which  then  ensues,  may  be  attributed  to  the 
disorder  of  the  digestive  function,  which  is  consequent  upon  the  stoppage 
of  the  flow  of  bile  into  the  intestinal  canal  (§§  453,  454).  And  when  it 
is  further  remembered  that  the  greater  pai't  of  the  bile  which  passes  into 
the  intestinal  canal  is  ordinarily  destined  for  re-absorption  (§  457),  it 
seems  fair  to  conclude  that  the  matters  which  accumulate  in  the  blood 
when  the  secreting  action  of  the  liver  is  suspended,  are  not  in  the  same 
condition  with  those  which  are  received  back  into  it  after  being  submitted 
to  that  action ;  and  that  the  liver,  therefore,  not  merely  separates  them, 
but  exercises  a  certain  transforming  agency  upon  them,  as  it  is  knowQ 
to  effect  upon  other  constituents  of  the  blood  which  passes  thi'ough  it 

632.  Bile  is  a  viscid,  somewhat  oily-looking  liquid,  of  a  greenish-yellow 
colour,  and  very  bitter  taste,  followed  by  a  sweetish  after-taste.  It  is 
readily  miscible  with  water,  and  its  solution  froths  like  one  of  soap. 
The  proportion  of  solid  matter  which  it  contains  is  usually  from  9  to  12 
per-cent;  and  nearly  the  whole  of  this  consists  of  substances  peculiar  to 
Bile. — The  following  ai-e  the  general  results  of  the  analyses  made  by 
Berzelius,  of  Human  Bile,  and  of  that  of  the  Ox : — 


Water  ..... 

Biliiiry  matter 

Mucus  of  the  gall-bladder 

Soda  .... 

Chloride  of  sodium,  and  extractive 

Phosphates  and  sulphates  of  soda  and  lime 


Man. 

Ox. 

90-44 

92-84 

8-00 

5-00 

•30 

•23 

•41 

•74 

1-50 

•11 

•43 

loo-oo 

100-00 

In  the  Biliary  matter,  according  to  the  researches  of  Strecker  (which  ai"e 
undoubtedly  the  most  accurate  and  satisfactory  that  have  been  hitherto 
made),  the  following  substances  may  be  distinguished  : — Glycocholic  acid 
(the  cholic  of  Strecker  and  of  many  former  authors),  which  is  its  princi- 
pal organic  constituent,  luiited  for  the  most  part  with  soda,  but  with 
small  and  vaiiable  quantities  of  potash  and  ammonia  (§  68)  ■,—Tauro- 
cholic  acid  (the  choleic  acid  of  Strecker,  also  known  as  hilin),  which  also 
is  imited  with  alkaline  bases  (§  m);—Cholesterin  (§  43),  the  pi'^PO^tX 
of  which  in  healthy  bile  is  usually  very  smoR'—^indi Bile-pigments  (§  i^h 

*  Dr.  Budd  mentions  several  cases  (Op.  cit.  pp.  209-227)  in  which  the  passage  of  bile 
into  the  intestines  was  entirely  prevented  by  the  complete  closure  of  the  ductus  conim 
and  in  which,  nevertheless,  life  was  prolonged  for  many  months  ;  in  one  of  these  '^'"^^"^jl^j^j^ 
jaundice  first  occurred  in  a  woman  four  months  pregnant,  who  nevertheless  bore  a 
child  at  the  full  period,  and  suckled  it  up  to  the  time  of  her  death,  which  happened  YZ.],^^^^. 
child  was  three  months  old.— In  all  these  cases,  death  seemed  to  result  from  KKiduai  . 
tion,  consequent  upon  the  imperfect  assimilation  of  food,  rather  than  from  any  ^"''''l  °  jjQ^al 
and  this  even  when  the  liver  was  in  such  a  state  of  disorganization,  that  its 
activity  must  have  been  suspended  for  some  time  before  death. 
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of  which  also  the  proportion  is  usually  small.    It  is  remarkable  that  not- 
withstanding the  comparatively  miimte  proportion  in  which  these  two 
last  substances  exist  in  ordinary  bile,  Cholesterin  should  usually  be  the 
principal  ingredient  of  the  biliary  concretions  which  are  frequently  found 
in  the  gall-bladder  and  bile-ducts ;  and  that  the  bile-pigment  should  also 
occasionally  accumulate,  so  as  to  form  solid  masses  which  consist  of  little 
.  else.*    It  would  appear  from  this,  that  the  peculiar  resinous  acids  of  the 
'  bile  ai-e  far  more  readily  re-absorbed  than  are  its  other  ingredients ;  and 
1  this  corresponds  with  the  results  of  experiments  upon  the  contents  of  the 
!  alimentary  canal,  which  show  that  whilst  the  colour  of  the  faeces  is 
(  chiefly  due  to  the  presence  of  bile-pigment,  the  conjugated  acids  are 
i  scarcely  to  be  recognized. — The  quantity  of  Bile  ordinaiily  secreted  by 
1  the  liver,  the  circumstances  which  favour  or  retard  its  production,  the 
I  mode  in  which  it  is  dischai'ged  into  the  intestine,  and  the  purposes  which 
i  it  answers  in  the  digestive  process,  have  all  been  considered  in  a  previous 
I  chapter  (§§  453,  454) ;  and  it  now  only  remains .  to  point  out,  that  the 
ifact  of  the  performance  of  this  operation  dming  foetal  life,  as  shown  by 
tthe  accumulation  of  biliary  matter  in  the  intestinal  canal  at  bii'th  (§  629), 
:  is  a  cleai"  indication  of  the  truly  excrementitious  matter  of  this  product, 
llts  separation  from  the  blood  during  intra-uterine  life  can  have  no 
rreference  to  the  process  of  digestion,  which  is  not  then  taking  place  j 
unor  can  it  be  subservient  to  that  of  respiration,  which  has  not  com- 
nmenced;  but  it  must  be  regarded,  hke  the  elimination  of  urea,  as  a  neces- 
ai-y  means  of  removing  from  the  blood  those  products  of  the  disintegra- 
t  ion  of  the  tissues,  which  are  taken  back  into  the  circulation  even  when  the 
life  of  the  being  is  most  purely  vegetative;  and  this  necessity  arises 
from  that  limitation  to  the  existence  of  each  individual  part,  which  is 
most  remarkable  when  the  processes  of  gToVth  and  develoj)ment  are 
taking  place  with  the  gi-eatest  rapidity. 

633.  If,  now,  we  bring  together  all  the  facts  at  present  known,  with 
v.'gard  to  the  actions  performed  by  the  Liver,  they  appear  to  justify  the 
ullowing  conclusions  with  respect  to  its  offices. — 1.  That  the  Liver  is 
-sentially  an  organ  of  excretion,  designed  to  remove  from  the  Blood  those 
lydrocai'bonaceous  products  of  the  disintegi-ation  of  the  tissues,  which 
annot  be  converted  into  sugar  or  fat  so  as  to  be  prepared  for  direct  elimi- 
lation  by  the  respiratory  organs.  2.  That  in  doing  this,  it  converts 
hesc  excrementitious  matters  into  the  glyco-cholic  and  tauro-cholic  acids  j 
iibstances  which  have  a  certain  utility  in  the  digestive  process,  and 
vhich,  after  ministering  to  that  function,  are  capable  of  being  re-absorbed, 
lid  of  undergoing  oxidation;  whereby  the  greater  pai't  of  their  compo- 
lents  are  caiTied-off  in  the  form  of  carbonic  acid  and  water  by  the 
ungs,  the  remainder  (chiefly  the  alkaline  bases,  with  the  sulphur  of  the 
inrine,  which  is  converted  into  suliDhuric  acid)  being  eliminated  by  the 
idneys. — 3.  That  not  only  by  the  separation  of  biliaiy  matter  from  the 
lood,  and  by  the  operation  of  this  upon  the  alimentary  substances,  but 

I  so  by  the  change  in  the  constituents  of  the  blood  itself,  the  Liver  aids 
ii  preparing  materials  for  the  combustive  process.    For  it  converts  all 

*  The  cholesterin  and  bile-pigment  (which  forms  a  definite  compound  with  lime)  arc  held 

II  solution  in  healthy  bile  by  the  tauro-cholic  acid.  Hence  it  seems  likely  that  the  production 
f  the  biliary  concretions  which  are  composed  of  these  substances,  is  due  either  to  a  relative 
eficiency  of  tauro-cholic  acid,  or  to  a  decomposition  of  that  substance  in  the  gall-bladder. 
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forms  of  saccharine  matter  derived  from  the  food  into  4iver-sugar,'  the 
form  which  is  most  favom-able  to  oxidation;  and  it  woidd  seem  capal^le 
also  of  generating  this  sugar  from  protein-compounds,  or  from  certain 
products  of  their  decomposition  (§  46).  And  it  exercises  a  similar  trans- 
forming power  upon  fatty  matter;  generating  the  peculiar  'liver-fiit,' 
either  from  other  oleaginous  or  from  saccharine  substances  supplied  by 
the  food,  or,  as  it  would  also  appear,  from  protein-compounds,  or  from 
the  products  of  the  early  stages  of  their  retrograde  metamorphosis  (§  40). 
— In  all  the  foregoing  actions,  the  Liver  is  subservient  to  the  Respiratory 
function ;  but  in  a  mode  very  dilfereiit  from  that  formerly  propounded 
by  Prof.  Liebig,*  who  represented  the  Liver  as  destined  to  prepare  by 
secretion  the  materials  adapted  for  the  sustenance  of  the  combustive 
operation.  For  it  is  quite  certain  that  if  the  whole  of  the  solid  biliaiy 
matter  poured  into  the  intestine  were  re-absorbed,  it  could  furnish  but  a 
small  proportion  (probably  not  more  than  one-twelfth)  of  the  total 
amount  of  hydrocai'bon  wliich  is  eliminated  by  the  lungs :  and  the  pre- 
paration of  the  liver-sugar  and  liver-fat  in  the  blood  itself  is  evidently 
the  far  more  important  part  of  the  office  of  the  Liver,  as  regards  the 
Respiratory  function. — 4.  But  the  Liver  also  aids,  if  the  statements  of 
M.  Bernard  on  this  point  be  correct,  in  the  assimilation  of  the  histoge- 
netic  materials,  which  have  been  newly  absorbed  from  the  digestive 
cavity ;  the  raw  albumen  being  converted  by  its  means  into  a  form  more 
suitable  for  transmission  through  the  system  in  the  current  of  the  circu- 
lation, and  even  fibrin  being  generated  at  its  expense  (§§  167,  169).  It 
must  be  admitted,  however,  that  there  are  many  points  in  the  function  as 
well  as  in  the  structui'e  of  the  Liver,  which  stiU  remain  to  be  cleared- 
up. 

3. — The  Kidneys. — Secretion  of  Urine. 

634.  The  Kidneys  camiot  be  regarded  as  inferior  in  im2:)ortance  to  tlie 
Liver,  when  considered  merely  as  exci'eting  organs;  but  their  function 
only  consists  in  separating  from  the  blood  certain  effete  substances  which 
are  to  be  thrown  off  from  it,  and  has  no  direct  connection  with  any  of  the 
nutritive  operations  concerned  in  the  introduction  of  aliment  into  the 
system.  The  following  are  the  points  in  the  minute  structm'e  of  these 
organs,  which  are  of  most  importance  in  their  Physiological  relatious.t 
The  distinction  between  the  cortical  and  medullary  parts  of  the  Kidney 
essentially  consists  in  this, — that  the  former  is  by  far  the  most  vascular, 
and  the  plexus  formed  by  the  tubuli  m-iniferi  seems  to  come  into  the  closest 
relation  with  that  of  the  sanguiferous  capillaries,  so  that  it  is  probably 
the  seat  of  the  greater  part  of  the  process  of  secretion ;  whilst  the  latter  is 
principally  composed  of  tubes,  passing  in  a  straight  line  from  the  former 
towards  their  point  of  entrance  into  the  ureter.  The  adjoining  figure 
(Fig.  120)  represents  the  ajopearances  presented  by  a  portion  of  au 
injected  Kidney,  as  seen  by  the  naked  eye,  and  under  a  low  maguifyi"S 

*  "Chemistry  applied  to  Animal  Physiology,"  1842.  . 

+  See  especially  Mr.  Bowman's  Memoir  in  the  "  Philosophical  Transactions,"  l^V^.i,, 
Goodsir  in  «  Edinb.  Monthly  Journal,"  1842  ;  Gerlach,  Bidder,  and  Kiilliker,  in  "  MuUers 
Archiv.,"  1845;  Toynbce  in  " Mcd.-Chir. Trans.,"  1846  ;  Johnson  in  "Cyclop,  ^"'\Vn> 
Phys.,"  art. 'Ron.';  Gairdner  in  "Edinb.  Moiitlily  Journal,"  1848  ;  and  Fronchs,  l^'c 
Bright'sche  Nierenkrankheit  und  dercn  Behandlung,"  1851. 
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power.  The  tubuli  m-iuiferi,  iu  passing  outwards  from  the  calices,  increase 
iu  number  by  divarication  to  a  considerable  extent,  as  shown  in  Fig.  122, 
but  their  diameter  remains  the  same.  When  they  arrive  in  the  cortical 
substance,  their  previously  straight  du'ection  is  departed  from,  and  they 
become  much  convoluted.  The  closeness  of  the  texture  formed  by  their 
Interlacement  with  the  blood-vessels,  renders  it  difficult  to  obtain  a  clear 
view  of  their  mode  of  termination;  but  they  seem  to  inosculate  with 
each  other,  so  as  to  form  a  plexus,  with  free  extremities  here  and  there 
(Fig.  122);  the  number  of  these  free  extremities,  however,  does  not 
appear  to  be  nearly  equal  to  that  of  the  uriniferous  tubes  themselves.* 
The  tubuli  ai'e  lined  with  an  epithelium,  the  cells  of  which  are  irregularly 
roundish  or  polyhedi'al  in  form  (Fig.  121);  each  cell  contains  a  nucleus ; 

Fig.  120  * 


a- 


*  Portion  of  the  Kidney  of  a  new-bom  infant :— a,  natural  size;  a,  a.  Corpora  Malpighiana, 
as  dispersed  points  in  the  cortical  substance;  h,  papilla.— b,  a  smaller  part  magnified;  a,  a, 
Corpora  Malpighiana  ;  h,  tubuli  uriniferi. 

t  Portion  of  one  of  the  tubuli  uriniferi,  from  the  kidney  of  an  adult ;  showing  its  tesselated 
epithelium. 

and  in  its  interior  there  is  ordinarily  to  be  seen  a  little  finely-granular 
matter,  with  a  few  minute  fat-globules  clustered  round  the  nucleus.  The 
cell-wall  is  remarkable  for  its  delicacy,  and  is  one  of  the  first  structures 
to  undergo  decomposition ;  and  after  its  destruction,  free  nuclei,  inter- 
spersed among  amoi-phous  grannies,  alone  remain  in  the  interior  of  the 
tulndes.  The  epithelial  cells  are  arranged  more  or  less  regularly  on  the 
Ulterior  of  the  basement-membrane,  in  such  a  manner  that  a  free  channel 
is  left  in  the  centre  of  each  tubule. — Scattered  through  the  plexus  formed 
f  by  the  blood-vessels  and  uriniferous  tubes,  a  number  of  little  dark  points 
may  be  seen  with  the  naked  eye,  to  which  the  designation  of  Corpora  Mal- 
I'ighiana  has  been  given,  after  the  name  of  their  discoverer.    Each  one 

*  In  Mr.  Bowman's  opinion,  all  the  free  extremities  of  tlie  tubuli  uriniferi  include  Corpora 
Alalpighiana ;  and  the  appearance  of  c.xcal  terminations,  such  as  tliosc  represented  at  a  and  c-, 
l^^'      '■^6''"''^^     ^"  "I'ti'^^'il  illusion,  caused  by  a  cliango  iu  tlio  direction  of  tlie  tubuli' 
■vhich  occasions  tliem  to  dip  away  suddenly  from  the  observer. 
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of  these,  when  examined  with  a  high  magnifying  power,  is  found  to  con- 
sist of  a  convoluted  mass  of  minute  blood-vessels  (Fig.  122,  and 

Fig.  122. 


urinifi 
tlie  . 
with  I 


"a;  J/,  £7, Corpora  Malpi^hiaim,  se( 
apillary  net- work;  h,  arterial  trunk. 
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Fig.  123. 


this  is  included  in  a  flask-like  dilatation  of  one  of  the  tnbnli  nriniferi  (Fig. 
;  123).  According  to  Mr.  Bowman,  this  dilatation  proceeds  only  from  the 
temiination  of  the  tubulns;  and  this  seems  to  be  usually  the  case, 
:i  although  it  seems  not  improbable  that  it  may  sometimes  be  a  lateral 
i diverticulum,  as  described  by  Gerlach  (loc.  cit.)  The  epithelium,  which 
elsewhere  hues  the  tube,  is  altered  in  appearance  where  the  tube  is  con- 
tinuous with  this  capsular  dilatation  (Fig.  123,  b');  being  there  more 
transparent,  and  foi-nished  with  cilia 
(as  shown  at  h"),  which  in  the  Frog 
may  be  seen  for  many  hours  after 
death,  in  very  active  motion,  direct- 
i  no;  a  current  down  the  tube.  Further 
\^ithin  the  capside,  this  epitheuum  be- 
comes excessively  delicate,  and  some- 
times disappears  altogether.  The 
surface  of  the  Malpighian  tuft  is 

ften  seen  to  be  studded  with  nuclear 
[•articles,  which  suggest  the  idea  that 
it  is  covered  by  an  epithelial  layer; 

md  hence  Gerlach,  followed  by  other 

luatomists,  has  maintained  that  the 

lask-shaped  dilatation  of  the  tubidus 

.riniferus  is  not  perforated  by  the 

ilood-vessels  which  form  the  Malpi- 

/liian  tuft,  but  is  reflected  over  it. 

It  appears  probable,  however,  that 

Uese  nuclear  particles,  really  be- 

'-•ug  to  the  walls  of  the  vessels ;  and 

he  most  careful  examination  has 

ailed  to  detect  any  such  reflexion. 

)n  this  as  on  all  other  points  of 

luportance,  therefore,  Mr.  Bowman's 

a-iginal  description  proves   to  be 

massailable.* 

635.  The  Circulation  of  Blood  through  the  Kidney  presents  a  very 
"markable  peculiarity.  The  supply  is  derived  in  Man  (as  in  other  Mam- 
iialia)  direct  from  the  arterial  system;  though  in  Fishes  and  Reptiles 
he  urinary  apparatus  is  connected,  as  well  as  the  biliary,  with  the  i:>ortal 
'mous  system,  and  even  in  Birds  a  portion  of  its  blood  is  derived  from 
he  latter.  But  although  this  organ  is  supplied  from  the  renal  artery, 
et  it  is  not  to  its  proper  secretory  apparatus  that  the  blood  of  that 
rtery  is  distributed  in  the  first  instance ;  for,  on  entering  the  kidney,  this 
'Gssel  speedily  and  entirely  divides  itself  into  minute  twigs,  which  are  the 
ifferent  vessels  of  the  Malpighian  tufts  (Fig.  124,  af).  After  it  has 
lierced  the  capside,  each  twig  dilates;  and  suddenly  divides  and  sub- 
Uvidcs  itself  into  several  minute  branches,  terminating  in  convoluted 
apillaries,  which  are  collected  in  the  form  of  a  ball  {m,  m);  and  from 

*  The  a  priori  improbability  tliat  the  bascment-mcmbrano  of  a  glandular  tubule  or  follicle 
Hould  be  thus  penetrated  by  blood-vessels,  has  been  entirely  removed  by  the  discovery  that 
"ch  penetration  does  take  place  in  other  cases,  as  the  Pcyerian  glandulaj  (§  456)  and  the 
'orpora  Malpighiana  of  the  Spleen  (§  482). 


Uriniferous  Tube,  Malpighian  Tuft,  and  Ca])- 
sule,  from  Kidney  of  Frog: — a,  cavity  of  the 
tube ;  b,  epithelium  of  the  tube ;  b',  ciliated  epi- 
thelium of  the  neck  of  the  capsule;  b"  detached 
epithelium- scale;  c,  basement-membrane  of  tube; 
c  ,  basement- membrane  of  capsule ,  m,  convoluted 
capillaries  of  the  Malpighian  tuft. 
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Fig.  124. 


the  interior  of  the  ball,  the  solitary  efferent  vessel,  e  f,  arises,  which 
passes  out  of  the  capsule  by  the  side  of  the  single  afferent  vessel.  This 
ball  seems  to  lie  loose  and  bare  in  the  capsule,  being  attached  to  it  only 
by  its  afferent  and  efferent  vessels  (Fig.  123,  m).  The  efferent  vessels,  on 
leaving  the  Malpighian  bodies,  separately  enter  the  plexus  of  capillaries, 
jo,  surrounding  the  tubuli  uriniferi,  st,  and  supply  that  plexus  with  blood ; 
from  this  plexus  the  renal  vein  arises. — Thus  there  is  a  striking  analogy 

between  the  mode  in  which  the  tubuli  urini- 
feri are  supplied  with  blood,  for  the  purpose 
of  elaborating  their  secretion,  and  the  plan  on 
which  the  hepatic  circulation  is  cai-ried  on. 
For  as  the  secretion  of  the  Liver  is  formed 
from  blood  conveyed  to  it  by  one  large  vessel, 
the  vena  portse,  which  has  collected  it  ffom 
the  venous  capillaries  of  the  chylopoietic  vis- 
cera, and  which  subdivides  again  to  distribute 
it  through  the  liver,  so  the  secretion  of  the 
Kidney  is  elaborated  from  blood  wliich  has 
already  passed  through  one  set  of  capillary 
vessels,  those  of  the  Malpighian  tufts;  this 
blood  is  collected  and  conveyed  to  the  proper 
secreting  surface,  however,  not  by  one  large 
trunk  (which  would  have  been  a  very  incon- 
venient arrangement),  but  by  a  multitude  of 

uenai  arterv;  (if,  afferent  vessel ;  m,  ghiau  bodics,  which  may  bc  regarded  as  col- 
"wltS^t'Ul^n^i^ustS^^  lectively  representing  the  vena  port^,  since 
ing  the  tubes;  st,  straight  tube;  ct,  thev  couvev  the  blood  from  the  systemic  to 

convoluted  tube.  , .  tt  ia      tt- ^  „^ 

the  secreting  capillaries.  Hence  the  luaney 
may  be  said  to  have  a  portal  system  within  itself — This  ingenious  view 
of  Mr.  Bowman's  finds  support  fi'om  the  fact,  that  in  Reptiles  the  efferent 
vessels  of  the  Malpighian  bodies  (which  receive  their  blood,  as  elsewhere, 
from  the  renal  aii,ery)  unite  with  the  branches  of  the  vena  portse,  to  form 
the  secreting  plexus  around  the  tubuli  ui-inifeii.  Here,  therefore,  the 
blood  of  the  secreting  plexus  has  a  double  source,  the  vessels  which 
supply  it  receiving  their  blood  in  part  from  the  capillaries  of  the  organ 
itself,  and  in  part  from  those  of  viscera  external  to  it ;  just  as,  in  the 
Liver,  the  secreting  plexus  is  supplied  in  part  by  the  nutritive  capillaries 
of  the  organ  itself,  which  receive  their  blood  from  the  hepatic  artery,  ana 
in  part  by  the  blood  conveyed  from  the  chylopoietic  viscera  thi'ough  the 
vena  portre.  ^ 
636.  These  admirable  reseai'ches  of  Mr.  Bowman  on  the  structure  ot 
the  Malpighian  bodies,  and  on  the  vascular  apparatus  of  the  Kidney,  have 
thrown  great  light  upon  the  mode  in  which  the  Urinary  secretion  is 
elaborated.  One  of  the  most  remarkable  circumstances  attending  tins 
excretion,  in  the  MammaHa  particularly,  is  the  large  but  variable  quanti  y 
of  water,  which  is  thus  got  rid  of,— the  amount  of  which  bears  no  co  - 
stant  proportion  to  that  of  the  solid  matter  dissolved  in  it.  The  1^^^'^^^^ 
in  fact,  seem  to  form  a  kind  of  regulating  valve,  by  which  the  "l^^'J^^",  ^j^. 
water  in  the  system  is  kept  to  its  proper  amount.  The  amount  ot  ex 
tion  from  the  Skin,  which,  with  that  from  the  Lungs,  is  the  other  priucip^ 
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icans  of  removing  superfluous  liquid  from  the  blood,  is  liable  to  be  greatly 
iFected  by  the  temperature  and  degree  of  humidity  of  the  air  around 
647) :  hence,  if  there  were  not  some  other  means  of  adjusting  the 
I  Miantity  of  fluid  in  the  blood-vessels,  it  would  be  subject  to  continual  and 
i  ,-ery  injurious  variation.    This  important  function  is  performed  by  the 
j  [vidueys ;  which  allow  such  a  quantity  of  water  to  pass  into  the  urinary 
I  ubes,  as  may  keep  the  2:)7'essicre  within  the  vessels  at  a  nearly  uniform 
:  ifandard.    The  quantity  of  water  which  is  passed  off  by  the  Kidneys, 
j  lierefore,  will  depend  in  j)art  upon  that  exlialed  by  the  Skin;  being 
i  greatest  when  this  is  least,  and  vice  versa:  but  the  quantity  of  solid 
I  natter  to  be  conveyed  away  in  the  secretion  has  little  to  do  with  this ; 
icing  dependent  upon  the  amount  of  waste  in  the  system,  and  upon  the 
[uantity  of  surplus  azotized  aliment  which  has  to  be  dischai'ged  tlu-ough 
his  channel. — The  Kidney  contains  two  very  distinct  provisions  for  these 
.  nu'poses.     The  cells  lining  the  tiibuli  uriniferi  are  probably  here,  as 
■Isewhere,  the  instruments  by  which  the  solid  matter  of  the  secretion  is 
ilaborated;  whilst  it  can  scarcely  be  doubted  that  the  office  of  the  Cor- 
lora  Malpighiana  is  to  allow  the  transudation  of  the  superfluous  fluid 
I  trough  the  thin-walled  and  naked  capillaries  of  which  they  are  composed. 

•  It  would  indeed,"  Mr.  Bowman  remarks  (Op.  cit.,  p.  75),  "  be  difficult 

•  )  conceive  a  disposition  of  parts  more  calculated  to  favour  the  escape  of 
vater  from  the  blood,  than  that  of  the  Malpighian  body.  A  large  artery 
'leaks-up  in  a  very  du'ect  manner  into  a  number  of  minute  branches; 
•ach  of  which  suddenly  opens  into  an  assemblage  of  vessels  of  far  greater 
ugregate  capacity  than  itself,  and  from  which  there  is  but  one  narrow 
xit.  Hence  must  arise  a  very  abrupt  retardation  in  the  velocity  of  the 
'UTcnt  of  blood.  The  vessels  in  which  this  dplay  occurs  are  uncovered 
y  any  structure.  They  lie  bare  in  a  cell,  from  which  there  is  but  one 
utlet,  the  orifice  of  the  tube.    This  orifice  is  encircled  by  cilia,  in 

live  motion,  directing  a  current  towards  the  tube.  These  exquisite 
1  gans  must  not  only  serve  to  caiTy  forward  the  fluid  which  is  already  in 
lie  cell,  and  in  which  the  vascular  tuft  is  bathed;  but  must  tend  to 

move  pressure  fi'om  the  free  surface  of  the  vessels,  and  so  to  encourage 
he  escape  of  their  more  fluid  contents." — Here  we  see  the  essential  dif- 
■  fence  which  exists,  between  the  vital  agency  concerned  in  the  true 

■creting  process,  and  the  physical  power  which  occasions  fluid  exhalation 
If  transudation.    This  difference  is  precisely  the  same  as  that  which 

ists  between  the  vital  act  of  selective  absorption,  and  the  physical 
jicration  of  endosmose  or  imbibition.  By  Imbibition  and  Transudation, 
'■rtain  fluids  may  pass  through  organic  membranes,  in  the  dead  as  well 
-  in  the  living  body ;  and  this  passage  depends  merely  upon  the  physical 
ondition  of  the  part,  in  regard  to  the  amount  and  the  nature  of  the 
uid  it  contains,  and  the  permeability  of  its  tissues.  Not  only  does 
-iter  thus  transude,  but  various  substances  that  are  held  in  complete 
''lution  in  it,  especially  albuminous  and  saline  matter:  it  is  in  this  manner 
hat  the  Blood  absorbs  fluids  from  the  digestive  cavity  (§  4G4),  and 
"jurs  out  the  serous  fluid  which  occupies  the  interspaces  of  the  areolar, 
i  ^Huc  and  the  serous  cavities.  The  transudation  of  the  watery  portion 
f  the  blood  is  much  increased  by  any  impediment  to  its  flow  throuoli 
lie  vessels,  and  also  by  any  causes  that  produce  a  diminished  resistance 
1  their  walls. 
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637.  The  natui^e  and  purposes  of  the  Urinary  secretion,  and  the  altera- 
tions which  it  is  liable  to  undergo  in  various  conditions  of  the  system, 
are  much  better  understood  than  are  those  of  the  Bile ;  this  is  owing,  in 
great  part,  to  the  two  circumstances,  that  it  may  be  readily  collected  in  a 
state  of  purity,  and  that  its  ingredients  are  of  such  a  nature  as  to  be 
easily  and  definitely  separated  from  each  other  by  simple  chemical  means. 
There  can  be  no  doubt  that  the  chief  pm-pose  of  this  excretion,  is  to 
remove  from  the  system  the  effete  azotized  matters,  which  the  blood 
takes  up  in  the  com'se  of  the  circulation,  or  which  may  have  been  pro- 
duced by  changes  occurring  in  itself    This  is  evident  from  the  lai-ge 
proportion  of  Nitrogen  contained  in  the  solid  matter  dissolved  in  it ;  and 
from  the  crystalline  form  presented  by  much  of  this  solid  matter  when 
separated, — a  form  which  indicates  that  its  state  of  combination  is  such, 
as  to  prevent  it  from  conducing  to  the  nutrition  of  the  system.  The 
injm'ious  effects  of  the  retention  of  the  components  of  the  Uriuaiy 
secretion  in  the  Blood,  are  fully  demonstrated  by  the  results  of  its  ces- 
sation ;  whether  this  be  made  to  take  place  experimentally  (as  by  tying 
the  renal  artery),  or  be  the  consequence  of  a  disordered  condition  of  the 
kidney.    The  symptoms  of  Urcemia  (as  this  condition  has  been  appro- 
priately termed)  are  altogether  suclx  as  indicate  the  action  of  a  specific 
poison  upon  the  Nervous  system;  affecting  either  the  Brain  or  the 
Spinal  Cord  separately,  or  both  together.    In  the  first  form,  a  state  of 
stupor  comes  on  rather  suddenly,  out  of  which  the  patient  is  with  dif- 
ficulty aroused;  and  this  gradually  deepens  into  complete  coma,  with 
fixed  pupils  and  stertorous  breathing,  just  as  in  ordinaiy  kinds  of 
narcotic  poisoning.     Tn  the  second  form,  convulsions  of  an  epUeptic 
character,  frequently  affecting  the  whole  muscular  system,  suddenly 
occm-;  but  there  is  no  loss  of  consciousness.    In  the  third  form,  coma 
and  con^n.llsions  are  combined.    It  has  been  generally  supposed  that 
these  residts  are  attributable  to  the  accumulation  of  urea  in  the  blood; 
but  clinical  observation  affords  sufficient  evidence,  that  there  is  no  con- 
stant relation  between  the  severity  of  these  symptoms  and  the  amount  of 
urea  in  the  circulating  system  ;*  and  experiment  has  determined  that  the 
other  constituents  of  the  urine  do  not  exert  any  more  potent  influence,  t 
It  seems  probable,  then,  that  some  substance  formed  at  the  expense  of 
the  normal  constitu.ents  of  urine,  rather  than  either  of  these  substances 
themselves,  is  the  real  poisonous  agent  in  cases  of  Ureemia;  and  yeiy 
cogent  evidence  has  been  adduced  by  Prof  Frerichs,  in  proof  of  his  idea 
that  the  symptoms  of  this  disorder  arise  from  the  conversion  of  the 
Urea  in  the  circulating  cm-rent  into  Carbonate  of  Ammonia,  by  the 
agency  of  a  sidtable  ferment ;  so  that,  however  great  may  be  the  accu- 
mulation, it  does  not  give  rise  to  any  sei-ious  consequences,  imless  tms 
ferment  be  also  present.    Two  series  of  experiments  are  described  by 
him  as  supporting  this  doctrine;  the  first  showing  that  in  cases  of  m-£emic 
intoxication,  a  resolution  of  urea  into  carbonate  of  ammonia  is  actuaUy 

*  It  has  been  remarked  by  Bright,  Christison,  G.  0.  Rees,  and  Frerichs,  that  ."^^^^^ 
often  be  obtained  in  considerable  quantity  from  the  blood  of  patients  suftenng  i 
'  Bright's  disease,'  who  were  at  the  same  time  free  from  all  nervous  symptoms.         _  , 

+  Thus  Frerichs  (as  Bichat,  Courten,  and  Gaspard  had  before  done)  repeatedly  mj 
from  20  to  40  grammes  of  filtered  human  urine,  sometimes  even  with  the  addition  oi 
into  the  veins  of  animals,  without  any  ill  effects  resulting. 
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king  place,  ammonia  being  found  in  the  expired  air  when  the  first 
mptoms  make  their  appearance,  and  in  the  blood  and  in  the  contents 
thq  stomach  after  death;  and  the  second  proving  that  the  injection  of 
rbonate  of  ammonia  into  the  circulating  current  induces  a  train  of 
>-mptoms  essentially  corresponding  with  those  of  ursemia,  stupor  and 
mvulsions  occurring  either  separately  or  conjointly.* — It  seems  not 
nprobable  that,  as  in  the  case  of  the  retention  of  Bile  in  the  Blood 
^  631),  many  of  the  minor  as  well  as  of  the  severer  forms  of  sympa- 
letic  distm-bance,  connected  with  disordered  secretion  from  the  kidney, 
e  due  to  this  directly  poisonous  operation  of  the  decomposing  consti- 
leuts  of  the  urine,  upon  the  several  organs  whose  function  is  disturbed ; 
d  that  many  complaints,  in  which  no  such  agency  has  been  until 
■eutly  suspected, — especially  Convulsive  affections  arising  from  a  dis- 
lered  action  of  the  nervous  centres, — are  thus  due  to  the  insufl&cient 
imination  of  Urea  from  the  Blood,  t 

638.  In  order  to  form  a  correct  opinion  of  the  state  of  the  Urinaiy 
■cretion  in  morbid  conditions  of  the  system,  it  is  desirable  to  be  ac- 
lainted  with  every  leading  particulai-  regarding  its  normal  character. — 
resh  healthy  Urine  is  a  perfectly  transparent,  amber-yellow-colom-ed 
[iiid,  exhahng  a  pecuhar  but  not  disagreeable  odour,  and  having  a 
tterish  saline  taste.    In  all  natural  conditions  of  the  Human  system 
ven  when  a  vegetable  diet  is  used),  the  urine  possesses  a  well-marked 
■id  reaction.    When  it  is  left  to  itself  for  some  time,  slight  nebulse, 
nnsisting  of  mucus,  are  formed  in  it;  and  these  gradually  descend  to  the 
ottom.    Soon  afterwards,  an  unpleasant  odour  is  developed;  instead  of 
I  acid,  an  alkaline  reaction  is  presented,  in  consequence  of  the  decompo- 
ion  of  the  urea  into  carbonate  of  ammonia^  and  a  precipitation  of 
I  irthy  phosphates  then  takes  place.    A  tui-bidity  may  occur,  however,  on 
simple  cooling  of  the  urine,  without  any  such  departure  from  its 
rmal  composition  as  would  properly  constitute  disease ;  this  being  due 
the  precipitation  of  urates  of  soda  and  ammonia,  imder  the  conditions 
rmerly  specified  (§  56).    If  the  urine  be  turbid,  however,  when  it  is 
issed  from  the  body,  having  a  temperature  of  98°  or  100°,  it  must  be 
msidered  as  abnormal.    The  average  Quantity  of  urine  passed  during 
0  24  hours,  has  been  variously  estimated:  it  differs,  of  course,  with 
e  amount  of  fluid  ingested,  and  it  is  influenced  also  by  the  external 
mperature;  a  much  smaller  amount  of  the  superfluous  fluid  of  the 
)dy  being  set  free  from  the  skin  in  winter  than  in  summer,  and  a  larger 
•oportion  being  carried  off"  by  the  kidneys.    Probably  we  shall  be  pretty 
ir  the  truth,  in  estimating  the  amount  (with  Dr.  Prout)  at  from  about 
'  oz.  in  summer,  to  40  oz.  in  winter,  for  a  person  who  does  not  drink 
ore  than  the  simple  wants  of  nature  require. — The  Specific  Gravity 
rues  to  be  a  very  important  character,  in  various  morbid  conditions  of  the 
ine:  and  it  is  therefore  desirable  to  estimate  it  correctly.    This  also  is 
tole,  of  course,  to  the  same  causes  of  variation;  since,  when  the  same 

"  On  tilis  subject,  the  chapter  on  '  Ursemia'  in  the  admirable  treatise  of  Frerichs  "  Die 
ii,'ht'sche  Nicrenkrankheit  unci  deren  Behandlung,"  shouid  be  especially  consulted, 
t  Of  the  truth  of  this  view,  which  was  propounded  by  the  Author  in  the  first  edition  of 
i-i  work,  many  illustrations  have  been  since  afforded  ;  among  the  most  interesting  of  which, 
ttie  very  frequent  coincidence  of  '  Bright's  disease '  with  Puerperal  Convulsions,  first  pointed 
t  by  Dr.  Lever. 
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amount  of  solid  matter  is  dissolved  in  a  larger  or  smaller  quantity  of 
water,  the  specific  gravity  will  be  proportionably  lower  or  higher.  The 
average,  according  to  Dr.  Prout,  in  a  healthy  person,  taking  the  whole 
year  round,  is  about  1020;  the  standard  rising  in  summer  (on  account  of 
the  greater  discharge  of  fluid  by  perspiration)  to  1025;  and  being  lowered 
in  winter  to  1015.  Simon,  however,  states  the  average  specific  gravity  at 
no  more  than  1012.  It  wiU  depend,  in  each  individual  case,  upon  the 
amount  of  fluid  habitually  ingested,  as  compared  with  that  dissipated  by 
cutaneous  exhalation ;  and  it  will  also  vary  with  the  period  that  has 
elapsed  since  the  last  introduction  of  liquid  into  the  stomach.  From 
these  and  other  causes,  the  proportion  of  solid  matter  in  1000  parts  of 
Urine  may  vary  from  20  to  70;  and  hence  tho"  various  recorded  analyses 
of  this  liquid  present  very  wide  diversities  in  the  proportions  of  its  sohd 
constituents.  These  discrepancies,  however,  being  chiefly  due  to  the 
fluctuating  amomit  of  water,  become  very  much  less  (as  Simon  ^  pointed 
out)  when  we  calculate  the  proportion  which  each  principal  component 
bears  to  100  of  solid  residue ;  as  is  shown  in  the  following  Table: — 


Bcrzclius. 

Lehmann. 

Simon. 

Marchand. 

Urea         .          .          .  . 

45-10 

49-68 

33-80 

48-91 

Uric  Acid 

1-50 

1-61 

1-40 

1-59 

Extractive  matter.  Ammonia-salts,  ^ 
and  Cliloride  of  Sodium.  ^ 

36-30 

28-95 

42-60 

32-49 

Alkaline  Sulphates  . 

10-30 

11-58 

8-14 

10-18 

Alkaline  Phosphates 

6-88 

5-96 

6-50 

4-57 

Phosphates  of  Lime  and  Magnesia  . 

1-50 

1-97 

1-59 

1-81 

We  shall  presently  find  the  causes  of  some  of  the  variations  even  here 
shown,  to  lie  in  the  nature  of  the  ingesta,  and  in  the  amount  of  exercise 
taken  by  the  individual. 

639.  The  most  important  of  those  organic  constituents  of  the  Urine, 
whose  presence  may  be  directly  traced  to  the  metamorphosis  of  the 
azotized  components  of  the  tissues  and  of  the  blood,  is  evidently  that  which, 
from  its  being  the  princij)al  cause  of  the  characteristic  properties  of  the 
secretion,  is  termed  Urea.  This  substance,  as  ah-eady  shown  (§  52), 
exists  preformed  in  the  Blood ;  being  generated  by  the  retrogi-ade  meta- 
morphosis of  Musctdar  tissiie  (probably  through  the  intermediation  of 
creatine  or  of  m-ic  acid),  and  also  by  similar  changes  in  the  imassimilated 
portions  of  the  Blood  itself  t — The  amount  of  Urea  excreted  in  the  24 

*  "  Animal  Chemistry,"  translated  by  Dr.  Day,  vol.  ii.  p.  146. 

+  A  new  and  easy  method  of  determining  the  amount  of  Urea  in  Urine  has  lately  been 
introduced  by  Prof.  Liebig.  It  is  founded  on  the  fact  that  urea  forms  with  pernitrate  oi 
mercury  two  compounds,  one  with  2,  the  otlier  with  4  equiv.  of  peroxide  of  mercury.  The 
latter  is  almost  insoluble  ;  and  therefore,  by  adding  to  urine  pernitrate  of  mercury,  from  ^ 
solution  of  known  strength,  the  urea  may  be  precipitated  and  its  quantity  determined  m  a 
few  minutes.  All  the  phosphoric  acid  in  the  urine,  however,  must  first  have  been  precipitated 
by  bnry  tes;  which  will  also,  of  course,  throw  down  its  sulphuric  acid.  The  presence  of  a  chlonde 
prevents  the  action  of  the  pernitrate  on  the  urea,  converting  it  into  a  perchloride ;  hence  the 
chloride  of  sodium  always  contained  in  the  Urine  must  be  allowed-for,  before  the  quantity  o 
Urea  can  be  determined.  The  appearance  of  the  precipitate  shows  when  all  the  chlorine 
present  has  been  taken  into  combination  with  the  mercury  ;  so  that  the  quantity  of  the  per- 
nitrate added  to  produce  it  gives  that  of  the  common  Salt,  while  the  quantity  qf/crwar  ^ 
required  to  throw  down  the  whole  Urea  gives  the  amount  of  that  substance.  (See  rro  . 
Gregory's  "  Hand-book  of  Organic  Chemistry,"  p.  509  ;  and  Dr.  Martin  Barry's  communi- 
cation in  the  "  Lancet,"  April  17,  1852.) 
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Minimum. 

Mean. 

Maximum. 

357-51  grs. 

433-13 

grs. 

510-36  grs 

153-25  „ 

295-15 

437-06  „ 

61-08  „ 

125-22 

295-15  „ 

161-78  „ 

207-99 

254-20  „ 

57-28  „ 

69-55 

81-83  „ 

ours  has  been  made  the  subject  of  examination  by  M.  Lecanu;*  and 
ae  following-  are  his  results  as  deduced  from  a  series  of  120 
malyses : — 

By  Menf 
By  Women 

By  Old  Men  (84  to  86  years) 
By  Children  of  eight  years  . 
By  Children  of  four  years 

:  is  very  interesting  to  perceive,  in  this  table,  how  large  an  amount  of 
rrea  is  excreted  by  childi-en;  and  how  small  a  quantity  in  proportion  to 
leir  bulk,  by  old  men.    This  con-esponds  precisely  with  the  rapidity  of 
terstitial  change  at  different  periods  of  life.    (See  chap,  iil,  Sect.  3). 
I  lie  quantity  of  Urea  secreted  at  any  given  period  of  life  seems  to  depend 
I  ainly  on  two  conditions ;  namely,  the  degree  of  muscular  exertion  pre- 
;  ously  put  forth,  and  the  amount  of  azotized  matter  ingested  as  food, 
bus  Prof  Lehmann  ascertained  that,  by  the  substitution  of  violent  for 
lerate  exercise,  the  quantity  of  Urea  was  raised  from  32|-  to  45^  parts; 
I  id  Simon  found  that,  by  two  hours'  violent  exercise,  the  proportion  of 
ae.e  lu-ea  in  the  urine  passed  half  an  hour  subsequently,  was  double  that 
"'■ntained  in  the  morning  urine.    Again,  Prof  Lehmann  has  shown  that 
c  amount  of  Urea  excreted  daily,  when  no  azotized  matter  was  taken-in 
food,  and  when  the  excretion  was  simply  a  measure  of  the  'waste' 
the  tissues,  was  not  above  half  that  excreted  when  an  ordinary  mixed 
t  was  employed,  and  only  about  two-sevenths  of  that  which  was  passed 
ion  the  cUet  was  purely  animal.    The  recent  experiments  of  Prof. 
>chof  are  to  the  same  effect;  for  he  found  that  a  large  dog  secreted, 
h  mixed  food,  from  230  to  300  grains  of  urfea- daily;  with  flesh  diet, 
2  gi'ains;  and  when  fed  on  intestines  and  gelatine,  no  less  than  1110 
ains  daily.    This  last  statement  confirms  the  inference  to  which  the 
iection  of  a  solution  of  Gelatin  directly  into  the  blood  appears  to  lead 
399)  ;  namely,  that  urea  may  be  formed  directly  from  the  metamor- 
losis  of  this  substance,  and  probably,  therefore,  from  the  disintegration 
the  gelatigenous  as  well  as  of  the  albuminous  tissues. — Next  in  im- 
■rtance  to  urea,  among  the  organic  products  of  the  metamorphosis  of 
c  azotized  constituents  of  the  tissues  or  of  the  blood,  but  ordinarily 
iring  a  very  small  proportion  to  it  in  quantity,  is  Uric  acid.    It  has 
ijn  shown  (§  57)  that  the  formation  of  this  substance  is  probably 
terior  to  that  of  urea;  and  we  shall  see  that  its  proportion  in  the 
ine  is  augmented  under  the  same  conditions  as  regards  food  (§  640). 
1  the  other  hand,  there  is  reason  to  think  that  exercise,  by  augment- 
^  the  respiration,  tends  to  diminish  the  proportion  of  uric  acid  in  the 

*  "  .Journal  de  Pharmacie,"  torn.  xxv. 

f  According  to  Prof.  Bischof,  of  G lessen,  who  has  employed  Prof.  Liebig's  method  of 
iinating  the  amount  of  urea  in  Urine  (described  in  the  preceding  note),  the  quantity 
inarily  excreted  daily  by  a  healthy  man  is  not  less  than  830  grains,  or  nearly  2  ounces 
lirdupois.  If  this  be  correct,  the  estimates  of  Lecanu  are  far  below  the  truth,  his  jnea7i  for 
n  being  only  433  grains,  or  little  more  than  half  the  estimate  of  Bischof,  Still  the  above 
le  will  have  a  certain  value  ;  since  all  the  amounts  stated  in  it  were  obtained  by  the  same 
fhod,  and  may  therefore  be  fairly  compared  with  each  other.  The  speedy  publication  of 
■t.  Liebig's  process  "  in  a  form  adapted  for  easy  and  accurate  use  by  medical  men"  has  been 
mised  ;  and  it  is  to  be  hoped  that  a  large  body  of  valuable  facts  will  then  be  collected. 
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urine,  by  converting  it  into  urea.    The  circumstances  that  most  favour 
the  genesis  of  uric  acid  in  the  system,  tlierefore,  and  its  increased  pi-o- 
portion  in  the  urine  if  there  be  no  obstacle  to  its  elimination,  are  a  highly 
azotized  diet  and  inactive  habits;  whilst  the  reduction  of  the  azotized 
portion  of  the  diet  to  what  is  really  wanted  for  the  nutrition  of  the 
system,  and  the  promotion  of  the  respu-ation  by  active  exercise,  tend  to 
the  reduction  of  the  proportion  of  this  component.    The  j?jrect?jita^io?i  of 
uric  acid  (usually  in  combination  with  alkaline  bases),  which  frequently 
takes  place  on  the  cooling  of  the  urine,  must  not  be  regarded  as  indica- 
tive of  the  presence  of  an  imusual  amount  of  this  substance;  since  it 
may  depend  upon  a  variety  of  other  conditions  (§  56).    There  are  many 
diseases,  however,  especially  those  of  a  febrile  natin-e,  in  which  the  pre- 
sence of  an  excess  of  uric  acid  is  a  very  marked  symptom ;  there  is 
usually,  at  the  same  time,  a  reduction  in  the  proportion  of  m'ea;  and 
thus  it  would  seem  that,  with  perhaps  an  augmented  tendency  to  dis- 
integi'ation  of  the  tissues,  there  is  an  incapacity  for  the  performance  of 
that  higher  process  of  oxidation,  which  is  requisite  for  the  genesis  of 
urea;  so  that  a  larger  proportion  of  the  products  of  the  'waste'  passes 
oft'  in  the  state  of  uric  acid,  as  in  animals  whose  resjiiration  is  feeble. — 
This  view  derives  siipport  fi-om  the  fact,  that  Hiiipuric  acid,  which  is 
only  to  bo  found  in  extremely  minute  proportion  in  healthy  Human 
urine,  and  the  composition  of  which  indicates  that  it  is  to  be  regarded  as 
a  rcsidt  of  veiy  imj^erfect  oxidation  (§§  58,  59),  undergoes  a  marked 
increase  under  the  same  circumstances,  and  especially  when  obstructed 
action  exists  in  either  of  the  other  great  emunctories,  the  lungs,  hver,  or 
skin,  so  that  a  larger  amount  of  carbonaceous  matter  is  thrown  upon  the 
kidneys  for  elimination;  for  in  this  case,  also,  there  is  a  deficiency  in  the 
normal  amount  of  urea. — Although  the  presence  of  Creatine  and  Greor 
tinine  in  the  Ui-ine,  the  former  in  very  small  proportion,  but  the  latter  in 
considerably  larger  amount,  is  now  a  well-established  fact,  the  actual 
quantities  ordinarily  excreted,  and  the  circumstances  which  favom-  their 
increase  and  diminution,  have  not  yet  been  determined.    From  the  con- 
siderations formerly  adduced  (§§  60,  61),  it  seems  likely  that  Creatine  is 
one  of  the  first  products  of  the  disintegration  of  muscular  tissue,  and 
that  a  portion  of  the  urea  eliminated  in  the  urine,  as  well  as  of  the 
gi-eater  part  (if  not  the  whole)  of  the  creatinine,  is  generated  at  its  expense. 
— The  presence  of  Lactic  acid  in  the  Urine,  although  by  no  means  m- 
fi-equent,  must  be  regarded  as  exceptional.    We  have  seen  that  a  con- 
stant genesis  of  this  substance  is  taking  place  in  the  body,  not  merely  as 
a  product  of  the  metamorphosis  of  the  saccharine  matters  employed  as 
food,  but  also  as  one  of  the  results  of  the  disintegration  of  the  azotized 
tissues  (§§  48-50) ;  but  that  the  respiratory  process  aifords  the  ordinary 
channel  for  its  removal;  so  that  it  is  only  when  its  production  is  excessive, 
or  when  there  is  some  obstruction  to  its  elimmation  by  the  lungs,  that  i 
makes  its  appearance  in  the  urine.    These  conditions  are  so  often  P^"^^^" 
in  disease,  that  Lactic  acid  is  far  more  commonly  present  in  ''^^"^^''Jj 
than  in  normal  states  of  the  secretion.— The  Extractive 
Urine,  as  already  pointed  out  (§  64),  are  made  up  of  a  variety  ot  oin 
rent  compounds,  our  knowledge  of  which  is  gi*adually  being  ^^tcu  ^ 
Among  the  substances  which  rank  under  this  head  ni  the  oiuiU' 
analyses  of  Urine,  are  creatine,  creatinine,  and  hippuric  acid;  ana  oi 
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being  successively  determined.    Thus  Stadeler  has  shown  that  the 
ractive'  of  the  Urine  of  the  Cow  contains  a  peculiar  azotized  com- 
!ud,  and  several  volatile  non-azotized  acids,  analogous  to,  and  in  one 
ranee  absolutely  identical  with,  the  products  of  the  imperfect  oxidation 
Nvood  or  coal.*    And  Prof.  Ronalds  has  shown  that  the  'extractive'  of 
umau  urine  ordinarily  contains  a  sulphurized  and  a  phosphorized  com- 
imd,  which  serve  for  the  excretion  of  sulphur  and  phosphorus  in  an 
Loxidized  state. t    The  Urine-Figment,  again,  has  been  to  a  certain 
;ent  sepai'ated  as  a  definite  compound  from  the  'extractive,'  especially 
the  reseai'ches  of  Heller  (§  64).    On  the  whole,  we  may  say  that  with 
c  exception  of  Creatine  and  Creatinine,  all  the  known  constituents  of 

0  'Urinaiy  extractive'  are  substances  which  are  rich  in  carbon  and 
mparatively  poor  in  nitrogen  j  so  that  their  increase  will  be  favoured 

an  excess  of  carbonaceous  food,  an  imperfect  action  of  the  liver,  and  a 
iv  degree  of  respiration;;}:  whilst,  on  the  other  hand,  a  highly-azotized 
t,  especially  if  combined  with  active  exercise,  will  tend  to  their  re- 
Lction.    This  view  is  confirmed  by  the  results  of  Prof  Lehmann's 
eriments,  which  were  performed  with  a  view  to  determine  the  influence 
diet  upon  the  constitution  of  the  Urine. 
( 640.  In  the  first  series  of  these  experiments.  Prof  Lehmann  adopted 
ordinaiy  mixed  diet ;  but  he  took  no  more  solid  or  liquid  aliment,  than 
.-iS  needed  to  appease  hunger  or  thirst,  and  abstained  from  fermented 
iiinks.    Every  two  hom-s  he  took  exercise  in  the  open  air,  but  he  avoided 
moderate  exertion  of  every  kind.    The  average  result  of  the  examina- 
u  of  the  Urine  passed  under  these  circumstances,  for  fifteen  days,  is 
.  en  in  the  first  line  of  the  subsequent  table. — In  a  second  series  of 

1  jeriments,  Prof  L.  lived  for  twelve  days  on  an  exclusively  animal  diet ; 
d  for  the  last  six  of  these,  it  consisted  solely  of  eggs.    He  took  32  eggs 

I  ily;  which  contained  2929  grains  of  dry  albumen,  and  2431  grs.  of 
P  ty  matters;  or  about  3532  gTs.  of  carbon,  and  465|  gi-s.  of  azote.  The 

lount  of  Urea  is  shown,  in  the  second  line  of  the  table,  to  have  under- 

I.  ne  a  very  large  increase ;  and  it  contained  more  than  five-sixths  of  the 
lole  azote  ingested. — In  a  third  series  of  experiments,  Dr.  L.  lived  for 
clve  days  on  a  vegetable  diet ;  and  its  effect  upon  the  solid  matter  of 
Urine  is  shown  in  the  third  line  of  the  table. — In  ?i  fourth,  he  lived 
■  two  days  upon  an  unazotized  diet,  consisting  entirely  of  pure  farina- 

II  ms  and  oleaginous  substances ;  so  that  the  azotized  matter  of  the  Urine 
'  mt  have  been  solely  the  result  of  the  disintegration  of  the  tissues.  It 

seen  to  undergo  a  veiy  marked  diminution,  under  this  regimen ;  as  is 
-wn  in  the  fourth  line  of  the  table.  His  health  was  so  seriously  affected, 
svever,  by  this  diet,  that  he  was  unable  to  continue  it  longer. 

See  Dr.  Gregory's  "  Hand-book  of  Organic  Chemistry,"  p.  450. 
r  See  "Philosophical  Transactions,"  1846,  pp.  461 — 464. 

!^  This  is  particularly  obvious  in  cases  in  which  the  functions  of  the  Liver  are  imperfectly 
formed.    For  there  is  first  to  be  observed  an  increase  in  the  ordinary  Urine-pigment 

ich  contains  58^  per  cent,  of  carbon),  giving  a  high  colour  to  the  secretion,  and  causing 
addition  of  a  few  drops  of  hydrochloric  acid  to  the  warmed  fluid  to  developc  a  fine 
nson  or  purple  hue.  If  the  inactivity  of  the  liver  increase,  a  deposit  of  purpurinc  (a  sub- 
ice  which  contains  per  cent,  of  carbon)  is  thrown  down  (§  64).  And  the  complete 
'st  of  the  elimination  of  bile  is  marked  by  the  appearance  of  the  proper  Bile-pigment  in 

urine.    (See  Dr.  Golding  Bird's  'Lectures  On  Therapeutics,'  in  "Med.  Gaz.,"]84U 
.  xlii.  p.  229). 
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Extractive 

Solid  Matters.  Urea.  Uric  Acid.    Mutters  and  Haiti. 

I.  Mixed  diet       .       1047-14grs.  501-76grs.  18-26 grs.  19G-G.5prs. 

II,  Animal  diet  .  1350-07  „  8'21-37  „  22-82,,  112-89 '„ 

III.  Vegetable  diet  .         914-66  „  347-10  „  15-77  „  295-95  „ 

IV.  Non-Azotized  diet  .    643-53  ,,  237-90  ,,  11-34  „  264-48,, 

The  following  inferences  are  di-awn  by  Prof  Lehmann,  from  these  experi- 
ments : — 1.  Animal  articles  of  diet  augment  the  /Solid  matters  of  the  Urine, 
Vegetable  substances,  and  still  more  such  as  are  deprived  of  azote,  on  the 
contrary,  diminish  it. — 2.  Although  Urea  is  a  product  of  decomposition 
of  the  organism,  yet  its  proportions  in  the  urine  dej)end  also  on  the  food, 
for  we  find  that  a  richly- azotized  diet  considerably  augments  its  quantity. 
In  the  above  experiments,  the  proportion  of  the  Urea  to  the  other 
solid  matters  was  as  100  to  110  on  a  mixed  diet;  as  100  to  63  on  an 
animal  diet;  as  100  to  150  on  a  vegetable  diet;  and  as  100  to  170  on  a 
non-azotized  diet. — 3.  The  quantity  of  Uric  acid  depends  less  on  the 
nature  of  the  diet,  than  on  other  circumstances;  the  differences  obsei-ved 
in  it  being  too  slight  to  wan-ant  us  in  ascribing  them  to  the  former  cause. 
— 4.  The  Protein-compounds,  and  consequently  the  azote  of  the  food, 
are  absorbed  in  the  intestinal  canal ;  and  what  is  not  employed  in  the 
formation  of  the  tissues,  is  thrown  off  by  the  Kidneys  in  the  form  of  Urea 
or  Uric  acid ;  these  organs  being  the  chief,  if  not  the  sole,  channel  through 
which  the  system  frees  itself  of  its  excess  of  azote. — 5,  The  mane  contains 
quantities  of  iSitlphates  and  Phosphates  proportional  to  the  azotized 
matters  which  have  been  absorbed ;  and  the  proportion  of  these  salts  is 
sensibly  increased  under  the  use  of  a  large  amoimt  of  those  substances. — 
0.  In  the  same  circumstances,  the  Extractive  matters  diminish,  while  then* 
quantity  is  increased  by  the  use  of  vegetable  diet ;  a  fact  which  proves 
the  influence  of  vegetable  aliment  over  the  production  of  these  mattei-s  in 
the  urine. — 7,  The  urine  after  the  use  of  animal  food  has  a  strong  acid 
reaction,  but  contains  little  or  no  lactic  acid  and  no  liippuric  acid.  Under 
a  vegetable  diet  there  is  more  lactic  acid,  but  it  is  united  to  bases.  The 
largest  production  of  lactic  acid  is  under  a  non-azotized  diet ;  and  most  of 
it  is  then  combined  with  ammonia.    Therefore  the  lactic  acid  eliminated 
with  the  urine,  is  in  great  part  the  product  of  non-azotized  substances  not 
entii-ely  assimilated ;  but  it  results  also  in  pai't  from  the  decomposition  of 
the  azotized  substances  entering  into  the  composition  of  the  body  and  the 
food. — 8.  The  Kidneys  not  only  separate  certain  constituent  pai-ts  of  the 
oi-gans,  which  have  become  inadequate  for  the  maintenance  of  life,  but  they 
also  expel  the  supei-fluous  nutritive  matters  that  may  have  been  absorbed. 

041.  Besides  its  organic  materials,  the  Urine  contains  a  considerable 
amount  of  Saline  matter ;  the  excretion  of  which,  in  a  state  of  solution, 
appears  to  be  one  of  the  principal  offices  of  the  Kidney.  Vai'ious  saline 
compounds  are  continually  being  introduced  with  the  food;  and  othei-s 
are  formed  within  the  system,  by  the  oxidation  of  the  Sulphm-  and  Phos- 
phorus of  the  tissues  or  of  the  food,  and  by  the  combination  of  the 
siilplmric  and  phosphoric  acids  thus  formed,  with  alkaline  and  eaiW 
bases  which  the  food  may  contain,  usually  in  a  state  of  combination  witu 

*  "  Journ,  fur  praktische  Cliemie,"  1842-3  ;  see  also  «  Simon's  Animal  Chemistry,'  trans- 
lated by  Dr.  Day,  vol.  ii.  pp.  156—164;  and  Prof.  Lebmann's  "  Lehrbucli  dor  lli}sioio 
gisclien  Cheniic,"  band  ii.  p.  447. 
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i  caker  acids  which  are  otherwise  disposed-of.  Thus  the  Saline  com- 
oimds  found  in  the  mine  are  to  be  regarded  as  partly  proceeding  from 
lie  retrograde  metamorphosis  of  the  materials  of  the  tissues,  after  these 
ave  -served  their  purpose  in  the  economy,  and  partly  from  that  of  such 
-mponents  of  the  food,  as,  being  superfluous,  do  not  undergo  organization. 
5ut  the  Kidney  also  serves  as  the  channel  for  the  elimination  of  saline 
ompounds  introduced  into  the  system  j^er  se;  these  being  sometimes 
lormally  present  in  the  body,  but  ingested  in  too  large  an  amount,  as  is 
ten  the  case  with  common  Salt;  whilst,  on  the  other  hand,  they  may 
'0  altogether  foreign  to  the  composition  alike  of  its  solids  and  its  fluids. 
—The  Alkaline  Sulphates  usually  constitute,,  as  we  have  seen  (§  638), 
I  bout  10  per  cent  of  the  whole  solid  matter  of  the  Urine.  Being  always 
n  solution,  however,  they  never  make  their  presence  known  by  the  forma- 
ion  of  sediments,  and  are  only  to  be  detected  by  chemical  tests.  The 
'auses  which  influence  their  amount  have  been  carefully  studied  by  Dr. 
jence  Jones ;  who  has  shown  that  they  vary  (like  urea)  with  the  amount 
if  food  ingested,  and  with  the  degree  of  nervo-muscular  activity  put  forth; 
s  might  be  anticipated  from  the  fact,  that,  under  ordinary  circumstances, 
lie  sidphuric  acid  is  entirely  formed  within  the  system,  by  the  oxidation 
f  the  sulphiu'  of  the  protein-compounds,  the  bases  being  furnished  by  the 
ilkaline  carbonates  or  phosphates  of  the  blood,  whose  source  has  been 
ilready  considered  (§  83).  When  sulphuric  acid  or  soluble  sulphates  are 
:aken  into  the  system  per  se,  they  partly  find  their  way  out  of  it  by  the 
[vidneys  (§  88)  j  the  proportion  of  sulphuric  acid  in  the  urine  being  for  a 
ime  augmented,  although  the  increase  is  not  considerable  until  some 

lurs  have  elapsed  after  the  introduction  of  these  substances  into  the 
tomach.*— The  amount  of  AUcalme  Phosphates  (§  84)  in  the  Urine  is 
>ually  aboiit  half  that  of  the  alkaline  sulphates..   The  acid  of  these  also 

ordinai'ily  generated  within  the  system,  by  the  oxidation  of  the  phos- 
)horus  originally  introduced  in  the  protein-compounds ;  and  thus,  as  in 
he  case  of  the  sulphates,  the  quantity  of  them  which  is  excreted  by  the 
irine  beai'S  a  certain  relation  to  the  amount  of  these  compounds  ingested 
j^s  food,  and  also  to  the  amount  of  muscular  tissue  which  has  undergone 
Jisintegi-ation  by  exercise.  But  it  further  appears  that  there  is  a  special 
elation  between  the  quantity  of  the  alkaline  phosphates  in  the  urine,  and 
the  amount  of  disintegration  of  the  nervous  tissue  (§  361);  as  might  have 
I  )een  suspected  from  the  fact,  that  this  tissue  is  distinguished  by  the  very 
large  proportion  of  phosphorus,  united  with  fatty  acids,  which  it  contains 
,^  345).  And  a  marked  increase  of  these  salts  is  observed  in  those 
inflammatory  diseases  of  the  brain,  in  which  there  is  reason  to  believe 
Hiat  an  unusually  rapid  disintegration  of  its  texture  is  taking  placet — 
I'lic  Earthy  Phosphates  usually  bear  but  a  small  jproportion  to  the  Alka- 
iiie;  but  their  presence  in  the  urine  comes  to  be  of  great  importance, 
with  reference  to  the  precipitates  which  they  form  in  particular  condi- 
tions of  that  secretion.    From  the  researches  of  Dr.  Bence  Jones  (loc.  cit.) 

•  Dr.  Bence  Jones  in  "  Philosophical  Transactions,"  1849. 

f  See  Dr.  Bence  Jones's  valuable  series  of  Papers,  in  the  "■  Philosophical  Transactions" 
!•  1845,  1847,  and  1850,  and  in  the  "  Medico-Chirurgical  Transactions"  for  1847  and  1850. 
It,  is  curious  to  observe,  that  whilst  the  increase  in  the  alkaline  phosphates  in  Inflammatory 
fk'ctions  of  the  nervous  centres  is  very  marked,  there  appears  to  be  a  positive  diminution  of 
i;m  in  Delirium  Tremens.    A  certain  allowance  must  be  made,  however,  for  the  abstinence 
'im  food,  which  will  of  itself  occasion  a  reduction  in  the  quantity  excreted. 


624 


OP  SECRETION  AND  EXCRETION. 


it  appears  that  the  quantity  of  these  phos^Dhates  in  the  ui'ine  chiefly  A'aries 
\vith  the  amount  of  them  contaiued  in  the  food,  into  many  articles  of 
which  they  enter  largely  (§§  76,  78);  but  he  has  also  ascertained  that 
their  formation  within  the  system  is  determined  by  the  presence  of  their 
bases ;  for  if  any  earthy  salt,  a  little  chloride  of  calcium  or  sulphate  of 
magnesia  for  instance,  be  taken  into  the  system,  the  quantity  of  earthy 
phosphates  in  the  mine  undergoes  an  increase.  The  small  quantity  of 
carbonate  of  hme  taken  into  the  system  with  the  food  (§  77),  or  set  free 
by  the  slow  disintegration  of  the  osseous  tissue,  is  probably  excreted  in 
Man  almost  entirely  in  the  form  of  phosphate;  although  of  the  much 
larger  amount  ingested  by  herbivorous  animals,  a  considerable  proportion 
is  excreted  in  the  urine  in  its  original  state.  The  Eailhy  Phosphates, 
although  insoluble  in  water,  are  soluble  in  all  acid  liquids;  and  they  are 
held  in  solution  in  Urine,  like  the  m-ates,  by  the  acid  phosphate  of  soda. 
Their  precipitation  in  an  alkaline  state  of  the  m-ine  is  owing  to  the  want 
of  this  solvent,  not  to  an  excess  in  their  pi'oduction ;  for,  as  Dr.  Beuce 
Jones  has  pointed  out,  that  excess  of  alkaline  and  earthy  phosphates  in 
the  m'ine  which  constitutes  the  true  'phosjjhatic  diathesis,'  is  generally 
coincident  with  a  highly  acid  state  of  the  urine. — The  only  other  inor- 
ganic saline  constituent  of  the  Urine,  whose  quantity  gives  it  import- 
ance is  Chloride  of  Sodium.  By  far  the  lai'ger  proportion  of  this  is 
douljtless  derived  directly  from  the  food;  but  little  being  fimiished  by 
the  disintegration  of  Muscle,  which  will  set  free  potash  rather  than  soda 
(§  307).  The  amount  eliminated  by  the  urine  is  consequently  subject  to 
great  variation,  it  being  the  function  of  the  Kidneys  to  remove  whatever 
is  siiperfluous,  so  as  to  prevent  the  blood  from  becoming  overcharged 
with  this  substance  (§  82).  Of  the  chloride  of  sodium  introduced  as  food, 
a  part  appears  to  undergo  decomposition  in  the  system,  whereby  hydro- 
chloric acid  is  fimiished  to  the  gastric  flmd,  and  soda  to  the  bile ;  part  of 
this  acid,  however,  must  reimite  with  its  base  in  the  alimentary  canal,  so 
that  the  chloride  of  sodium  thus  regenerated  will  be  absorbed  with  the  pro- 
ducts of  the  digestive  operation. — Although  Nitric  Acid  cannot  be  regai'ded 
as  a  normal  constituent  of  the  Urine,  yet  the  recent  investigations  of  Dr. 
Bence  Jones*  show  that  it  is  formed  by  a  combustive  process  within  the 
body,  whenever  ammoniacal  salts  are  introduced  into  the  system;  its 
amount,  however,  being  very  small.  He  has  also  found  that  it  is  gene- 
rated after  the  ingestion  of  small  quantities  of  m-ea ;  a  fact  which  affords 
some  confii-matiou  to  the  doctrine  of  Frerichs  (§  637),  that  urea  may 
undergo  decomposition  into  carbonate  of  ammonia,  whilst  still  chculating 
in  the  ciu-rent  of  blood. — The  presence  Oxalic  Acid  in  the  m-ine  (in 
combination  with  Lime)  has  been  usually  regarded  as  a  pathological 
phenomenon,  consequent  upon  an  irregular  performance  of  the  retrogi'ade 
metamorphosis  of  the  tissues ;  but  there  can  be  no  doubt  that  it  may 
also  result  from  the  presence  "of  soluble  salts  of  oxalic  acid  in  certain 
articles  of  vegetable  food.t 

642.  The  ordinary  acid  reaction  of  the  Urine  appears  to  be  due,  not  to 
the  presence  of  any  free  acid,  but  to  the  conversion  of  the  basic  phosphate 
of  soda  into  the  acid  phosphate,  by  the  subtraction  of  a  part  of  the  bas^o, 
which  occurs  when  uric,  hippuric,  lactic,  or  other  free  acids  come  into 

•  "  Philosophical  Transactions,"  1851. 

+  See  Dr.  Golding  Bird  on  "  Urinary  Deposits,"  3rd  Edit.,  pp.  218—238. 
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contact  with  the  former  substance.  There  is  no  adequate  reason  to 
believe,  that,  in  the  healthy  state,  there  is  ever  any  other  cause  than  this ; 
although  in  morbid  urine,  free  organic  acids  are  almost  certainly  present.* 
It'  has  been  shown  by  the  researches  of  Dr.  Bence  Jones,  however,  that 
the  acid  reaction  is  far  from  being  constant  in  its  degree,  even  when  an 
ordinary  mixed  diet  is  steadily  employed;  for  that  it  varies  at  different 
periods  of  the  day,  increasing  and  decreasing  inversely  with  the  acidity  of 
the  stomach  (§  443).  Thus  the  acidity  of  the  Urine  decreases  soon  after 
taking  food,  whilst  that  of  the  Stomach  is  increasing;  and  attains  its 
lowest  limit  from  three  to  five  hours  after  a  meal,  frequently  giving  place 
to  an  alkaline  reaction.  The  acidity  then  gTadually  increases,  whilst  that 
of  the  stomach  is  decreasing;  and  attains  its  highest  limit  after  a  fast  of 
some  hours,  when  the  stomach  is  quite  empty,  and  its  secretion  neutral. 
If  no  food  be  taken,  the  acidity  does  not  decrease,  but  remains  at  nearly 
the  same  point  for  ten  or  twelve  hours.  When  animal  food  was  alone 
employed,  the  diminution  of  the  acidity  after  a  meal  was  more  marked, 
and  continued  longer,  than  when  a  mixed  diet  was  eaten  (apparently  on 
account  of  the  greater  demand  for  acid  in  the  stomach) ;  and  the  acidity 
did  not  rise  quite  so  high  after  fasting,  as  with  a  mixed  diet.  On  the 
other  hand,  when  the  diet  was  purely  vegetable,  the  diminution  of 
its  acidity  was  never  such  as  to  render  the  urine  absolutely  alkaline, 
although  its  acidity  was  reduced  to  the  point  of  neutrality ;  and  the 
increase  of  its  acidity  after  fasting  was  sometimes  very  considerable, 
though  by  no  means  so  marked  as  the  decrease  of  alkalescence. — These 
cUm-nal  variations  in  the  acidity  of  the  urine  make  it  highly  probable  that 
corresponding  variations  occur  in  the  alkalescence  of  the  blood;  such 
diurnal  variations  being  produced  by  the  quantity  of  acid  separated  from 
it,  and  poured  into  the  stomach  for  the  pui^pose  of  dissolving  the  food. 
The  introduction  of  dilute  sulphuric  acid  into  the  stomach,  even  in  large 
doses,  was  not  found  to  produce  any  decided  change  in  the  acidity  of  the 
urine ;  the  only  perceptible  effect  being  a  slight  diminution  of  the  decrease 
which  takes  place  after  taking  food,  and  a  slight  augmentation  of  the 
increase  after  fasting.  On  the  other  hand,  the  use  of  liquor  potassse  in 
large  doses  lessens  the  acidity  of  the  urine,  preventing  it  from  rising 
after  fasting  to  the  height  it  would  otherwise  attain,  and  increasing  its 
alkalescence  after  a  meal ;  but  it  does  not  render  the  urine  by  any  means 
constantly  alkaline,  nor  does  it  hinder  the  variations  produced  by  the 
state  of  the  stomach  ft'om  being  very  evident.  Tai-taric  acid,  in  large 
doses,  increases  the  acidity  of  the  urine,  causing  it  to  rise  considerably 
higher  than  usual  after  a  fast,  but  not  preventing  that  which  is  passed  a 
few  hours  after  food  from  becoming  alkaline.  Tartrate  of  potash  in  large 
doses,  on  the  other  hand,  has  a  marked  effect  in  rendering  the  urine 
alkalescent;  stiU,  it  does  not  prevent  the  usual  recurrence  of  the  acidity 
some  hours  after  a  meal.t 

643.  It  seems  to  have  been  clearly  proved  by  Dr.  Bence  Jones  (loc. 
cit.),  that  there  is  no  relation  whatever  between  the  acidity  of  the  urine 
and  the  absolute  amount  of  Uric  acid  which  it  may  contain ;  for  in  the 
urine  which  is  most  acid,  and  which  deposits  the  largest  uric-acid  sedi- 

•  See  Prof,  Lchmaim's  "Lelirbuch  der  Physiologisclicii  Cliemic,"  band  ii.  pp.  3.98-400. 
t  See  Dr.  IJonce  .Jones's  '  Contributions  to  the  Chemistry  of  the  Urine  '  in  "  Philosonliiril 
Transactions,"  ^ 
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meat,  very  little  ui-ic  acid  may  really  exist ;  whilst  that  which  contains 
most  uric  acid  may  hold  it  in  perfect  solution,  and  may  have  but  a  feeble 
acid  reaction.'^" — The  main  cause  of  the  deposit  of  Uric-acid  sediments  is 
doubtless  the  presence  of  some  other  acid;  for  the  addition  of  any  acid  to 
healthy  urine  passed  soon  after  food,  is  alwaj^s  sufficient  to  produce  it. 
But  the  dejDosit  takes  place  less  readily  if  the  temperatm-e  of  the  fluid  be 
high^  since  the  solvent  power  of  the  acid  phosphate  of  soda  is  then  more 
strongly  exerted;  so,  on  the  other  hand,  a  deposit  often  takes  place  in 
lu-iue  which  would  not  otherwise  exhibit  it,  through  an  unusual  reduc- 
tion in  its  temperature,  as  by  exposm-e  to  the  cold  air  of  a  sleeping-room 
in  the  winter.  Again,  the  deposit  of  uric-acid  sediment  is  favom'ed  by 
concentration  of  the  liquid,  which  thus  augments  the  proportion  of  the 
lU'ate  to  the  water,  and  at  the  same  time  increases  the  acid  reaction ;  and 
thus  urine  whose  constituents  are  otherwise  normal,  may  throw  down 
a  copious  deposit  of  this  kind,  merely  from  deficiency  of  water ;  whilst  an 
unusual  amount  of  uric  acid  may  be  really  present  without  being  depo- 
sited,— the  urine,  too,  possessing  its  ordinary  acidity, — if  the  proportion  of 
water  be  large.  Thus  the  uric-acid  sediment  may  be  regarded  as  depen- 
dent upon  tlu*ee  concurrent  conditions; — (1)  Decrease  of  temperatiue; 
(2)  Increased  proportion  of  uric-acid  compound  to  the  watei",  positively  or 
relatively ;  (3)  Increased  acidity  of  the  urine.  Sometimes  one  condition  is 
most  influential,  sometimes  another;  but  they  ai-e  all  usually  concerned 
in  some  degree. 

644.  The  Urine  of  Herbivorous  animals  is  almost  invariably  alkaline; 
partly  because  their  food  contains  a  large  quantity  of  alkahne  and  earthy 
bases,  in  combination  with  citric,  tartaric,  oxalic,  and  other  acids,  which 
ai'S  decomposed  within  the  system  (§  83);  and  pai'tly  because  the 
amoxmt  of  sulphuric  and  phosphoric  acids,  generated  as  j)roducts  of  the 
oxidation  of  the  elements  of  the  tissues  or  of  the  sm-plus-food,  is  not 
sufficient  to  neutrahze  them.  Such  is  the  condition  which  occasions  the 
alkalinity  of  Human  Urine,  when  a  portion  of  the  acid  which  would 
otherwise  show  a  predominance,  is  directed  into  another  channel ;  and  it 
is  exaggerated  in  those  states,  in  which,  either  from  the  irritating  nature 
of  the  food,  or  from  the  irritable  condition  of  the  stomach,  an  undue 
quantity  of  acid  is  poured-out  into  that  viscus ;  so  that,  its  reaction  being 
habitually  acid,  that  of  the  mine  becomes  habitually  alkaline.  Such  a 
state  of  the  mine  must  be  carefully  distinguished,  as  Dr.  Bence  Jones 
has  pointed  out,t  from  that  in  which  the  alkalescence  is  due  to  the 
presence  of  volatile,  and  not  to  that  of  ^^eo?  alkali ;  the  difference  being 
easily  recognizable  by  the  influence  of  the  liquid  upon  reddened  litmus- 
paper,  for  the  restoration  of  its  blue  colour  is  permanent  in  the  latter 
case,  but  only  transitory  in  the  former.  The  alkalescence  due  to  the 
presence  of  volatile  alkali  is  due  to  the  decomposition  of  m-ea,  whilst  the 
urine  is  yet  within  the  bladder,  through  the  agency  of  morbid  secretions 
of  that  viscus;  and  it  disappears  when  this  organ  returns  to  its  healthy 

•  It  will  be  remembered  that  these  sediments  nearly  always  consist  of  Uric  acid  in  union 
with  a  base  (§  5G);  this  base  is  regarded  by  Prof.  Lehmaun  as  chiefly  soda;  "^1,"''^' 
Bence  Jones,  in  common  with  Dr.  Golding  Bird,  maintains  it  to  be  ammonia. 
'  uric-acid  sediment'  is  used  above  to  designate  this  compound,  whatever  may  be  the  suUstanc 
with  which  the  uric  acid  is  united. 

t  "Medical  Times,"  Dec.  13,  1851. 
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state.  On  the  other  hand,  the  alkalescence  from  fixed  alkali  proceeds 
from  disordered  action  of  the  stomach,  which  is  usually  connected  with 
disorder  of  the  general  system ;  and  it  persists  until  this  can  be  remedied. 
In  both  forms  of  alkalescence,  there  is  a  precipitation  of  earthy  phos- 
phates ;  but  in  the  alkalescence  from  fixed  alkali,  the  precipitate  usuall}^ 
consists  almost  entirely  of  phosphate  of  lime ;  whilst  in  that  from  volatile 
alkali,  the  amorphous  sediment  of  phosphate  of  lime  is  mingled  with 
prismatic  crystals  of  the  phosphate  of  ammonia  and  magnesia.  These 
precipitates  may  be  obtained  from  healthy  mine,  by  adding  to  it  a  solu- 
tion of  potash  or  of  ammonia;  and  the  decomposition  of  such  mine, 
which  begins  to  take  place  very  soon  after  it  leaves  the  body,  gives  lise 
to  the  same  precipitation,  by  the  production  of  carbonate  of  ammonia  at 
the  exj)ense  of  its  m-ea  (§  52). 

645.  Thus,  then,  we  have  seen  that  the  Kidneys  serve  as  the  special 
instruments  for  depurating  the  Blood  of  those  highly-azotized  compounds, 
which  are  formed  in  the  system  by  the  decomposition  of  the  materials  of 
the  albuminous  and  gelatinous  tissues,  and  also  by  that  of  the  non-assi- 
milated components  of  the  food.  We  have  seen,  also,  that  they  serve 
for  the  removal  of  certain  compounds  of  which  carbon  is  a  principal  in- 
grecUentj  and  these,  although  normally  present  in  but  small  amount, 
may  imdergo  a  marked  increase  in  disease,  especially  when  the  liver  is 
insufficiently  performing  its  functions,  or  the  respiratory  process  is  ob- 
stracted.  Further,  we  have  been  led  to  regard  the  Kidneys  as  the 
emunctory,  not  only  for  the  superfluous  water  of  the  blood,  but  also  for 
those  saline  compounds,  which,  having  been  introduced  into  the  system, 
or  generated  within  it,  in  larger  amount  than  is  compatible  with  the 
normal  constitution  of  the  blood,  or  than  is  required  for  the  reparation 
of  the  solids  of  the  body,  or  for  the  production  of  its  fluid  secretions, 
are  only  fitted  for  elimination.  And  this  statement  is  to  be  extended 
from  sahne  compoimds,  to  such  other  soluble  matters  as  are  not  removed 
by  other  channels.  On  this  point  a  very  elaborate  series  of  researches 
was  made  by  Wohler,*  who  showed  that  of  the  soluble  salts  taken  into  the 
circulation,  those  are  most  readily  excreted  which  produce  a  determina- 
tion of  blood  towards  the  kidneys,  whereby  an  increased  quantity  of  Uquid 
is  filtered-ofi"  through  the  outlet  which  they  afford.  And  it  is  in  this 
manner  that  the  system  makes  an  effort  to  free  itself  (so  to  speak)  from 
vaiious  foreign  substances  which  have  been  introduced  into  it  by  absorp- 
tion, and  which  would  be  injmious  if  retained ;  the  rate  at  which  it  does 
so  being  in  a  great  degi'ee  dependent  upon  the  functional  activity  of  the 
Kidneys  (§§  89,  207,  208).— It  does  not  appear,  however,  that  the  excre- 
tion of  the  organic  compounds  which  are  formed  within  the  system,  is 
augmented  by  those  'diuretic'  medicines,  which,  by  determining  an 
increased  flow  of  blood  to  the  Kidneys,  cause  a  larger  amount  of  liquid 
to  be  passed  off  through  them.  On  the  contrary,  it  would  seem  as  if,  by 
producing  congestion  and  irritation,  they  sometimes  interfered  with  the 
normal  process  of  secretion ;  so  that  the  quantity  of  solid  constituents  is 
actually  decreased,  notwithstanding  the  large  augmentation  in  the  watery 
part  of  the  urine.  This  very  important  fiict  has  been  demonstrated  by 
Prof.  Krahmer,t  who  gives  the  following  as  the  result  of  his  observations 

*  "  Miiller's  Elements  of  Pliysiology,"  tninsliited  by  Baly,  p.  589 
+  "Heller's  Archiv.,"  Dec,  1847.  J      J-' F 
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upon  the  amounts  excreted  in  24  hours,  after  the  administration  of 
diuretics  to  persons  in  health  : — 


Total  Solidn 

Organic 

Inorganic 

Medicine  given. 

in  Urine. 

Compounds. 

Compounds. 

None 

2-40  07.. 

1-28  oz. 

1-13  oz. 

Juniper  . 

.      2-12  „ 

0-94  „ 

1-18  „ 

Venice  Turpentine 

1-94  „ 

Ml  „ 

0-83  „ 

Squill 

.     2-25  „ 

1-04  „ 

1-21  „ 

Digitalis 

2-45  „ 

1-28  „ 

M7  „ 

Chiiacum 

.      2-43  „ 

1-38  „ 

1-05  „ 

Colchicuin 

2-32  „ 

1-3G  „ 

0  90  „ 

Similar  results  have  been  obtained  by  Dr.  Golding  Bird;*  who  has 
shown  that,  on  the  other  hand,  there  is  a  class  of  remedies,  wliich  is 
capable  of  producing  the  most  marked  increase  in  the  amoimt  of  organic 
as  well  as  of  saline  matters  eliminated  by  the  Kidneys.  These  are  the 
Alkalies  and  their  carbonates,  with  such  of  their  salts  as  are  formed  by 
acids  which  are  decomposed  in  the  blood  into  the  carbonic,  such  as  the 
acetates,  tartrates,  and  citrates.  It  has  been  shown  (chap,  ii.,  Sect,  i.) 
that  tlic  allvidies  and  their  carbonates  have  a  powerful  solvent  action  on 
the  albuminous  compounds  generally;  and  tliat  they  tend  to  break  up 
tliese  compounds  into  simj)ler  forms  of  combination.  Hence  it  seems 
likely  that  their  presence  in  the  Blood  in  increased  amount,  will  tend  to 
hasten  the  retrograde  metamorphosis  of  the  tissues;  their  chemical  force 
being  exerted,  not  merely  upon  those  which  arc  already  in  a  state  of  dis- 
integration, but  also  upon  those,  which,  being  disposed  to  degenerate, 
cannot  exercise  that  resisting  power,  Avhich  they  possess  when  in  a  state 
of  complete  vital  activity  (§  IIG).  The  increase  which  their  administra- 
tion occasions  in  the  solids  of  the  Urine,  is  strikingly  displayed  in  the 
following  comparative  table,  given  by  Dr.  G.  Bird,  of  the  entire  consti- 
tuents of  the  secretion  passed  dm-ing  24  hours,  before  and  after  the 
administration  of  three  diuchms  of  acetate  of  potash  : — 

Before  Medicine.  After  Medicine. 
Quantity  of  Urine     .          .          fl  3  xvi.  fl  ^  xlvi. 

Specific  Gravity  .  .  .       1-025  •  1-017 

Total  Solids  .  .  .  416  grs.  782  grs. 


Uric  Acid 

2-6 

grs. 

3-5 

Urea 

130-5 

202-4 

Other  Organic  Compounds 

.  189-3 

295-5 

Soluble  Salts  . 

72-0 

5J 

248-4 

Insoluble  Salts  . 

21-6 

J5 

32-2 

The  increase  (176-4  grains)  in  the  quantity  of  'soluble  salts,'  is  to  be 
chiefly  set  down  to  the  account  of  the  medicine  taken-in ;  but  the  whole 
remainder  of  the  augmentation  seems  fairly  attributable  to  the  increased 
metamorphosis.  A  certain  degree  of  such  increase  is  producible  by  the 
simple  ingestion  of  a  large  amount  of  water;  so  that  this  is  by  no  means 
so  inopei-ative  as  it  might  at  first  sight  appear,  in  cleansing  and  purifying 
(so  to  speak)  the  penetralia  of  the  system. — It  seems  highly  probable 
that  the  'critical  evacuations'  of  lu-ine,  as  of  sweat,  or  frecal  matter,  on 


"  "  See  his  '  Lectures  on  the  Influence  of  Researches  in  Organic  Chemistry  on 
peutics,'  in  "  Medical  Gazette,"  lfj48,  vol.  xlii.  p.  230. 
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which  the  older  physicians  were  accustomed  to  lay  great  stress,  are  really 
chai'ged  with  noxious  substances,  of  which  the  blood  is  thus  depurated; 
and  that  great  benefit  would  frequently  arise  in  practice  fi-om  the  use  of 
the  'alterative  diiu-etics,'  as  suggested  by  Dr.  G.  Bird,  where  (as  in  chronic 
rheumatism,  gout,  &c.,)  there  is  reason  to  believe  that  a  quantity  of  mal- 
assimilated  matter  exists  in  the  system,  of  which  it  is  important  to  get 
rid.  In  many  such  cases,  indeed,  clinical 
observation  had  already  established  the 
benefit   dej-ivable  from   such  medicines, 


Fig,  125. 


without  affording  the  rationale  of  it. 


4. — Of  the  Skin; — Cutaneous  Transpira- 
tion. 

646.  The  Skin  is  the  seat  of  various  se- 
cretions, for  each  of  which  it  is  provided 
with  special  orguns  (§§  237,  238) ;  but  these 
have  reference  chiefly  to  its  own  protection, 
or  to  some  other  local  pm'pose;  and  the 
only  one  which  can  be  regarded  as  truly 
excrementitious,  is  the  Transpiration  of 
aqueous  fluid,  holding  certain  matters  in 
solution.  The  eHmination  of  this  fluid 
from  the  blood  is  eflFected  by  the  Stido- 
riparous  glandidse  (Fig.  125),  which  are 
seated  rather  beneath  than  in  the  Cutis, 
and  are  difiiised  in  varying  proportions 
over  the  entire  surface  of  the  body  (§  238). 
According  to  Mr.  Erasmus  Wilson,*  as 
many  as  3528  of  these  glandulte  exist  in  a 
squai-e  inch  of  surface  on  the  palm  of  the 
hand;  and  as  every  tube,  when  straightened 
out,  is  about  a  quarter  o£an  inch  in  length, 
it  follows  that,  in  a  square  inch  of  skin 
from  the  palm  of  the  hand,  there  exists  a 
length  of  tube  equal  to  882  inches,  or 
73i  feet.  The  number  of  glandulse  in 
other  parts  of  the  skin,  is  sometimes 
greater,  but  generally  less  than  this ;  and, 
according  to  Mr.  Wilson,  about  2800  may 
be  taken  as  the  average  number  of  pores 
in  each  square  inch  throughout  the  body. 
Now  the  number  of  square  inches  of  sur- 
face, in  a  man  of  ordinary  stature,  is  about 
2500;  the  total  number  of  pores,  there- 
fore, may  be  about  seven  millions ;  and  the 
length  of  the  perspiratory  tubing  would 
thus  be  1,750,000  inches,  or  145,833  feet, 
or  48,611  yards,  or  nearly  28  miles. — 


Sudoripiirous  Gland  from  the  palm  of 
the  hand,  magnified  '10  diam.;— a,  a,  con- 
torted tubes,  composing  the  gland,  and 
uniting  into  two  excretory  ducts,  h,  h, 
which  unite  into  one  s[)iral  canal  that 
perforates  the  epidermis  at  c,  and  opens 
on  its  surface  at  d;  the  gland  is  imbedded 
in  fat-vesielcs,  which  are  seen  at  c  e. 


On  the  Management  of  the  Skin,"  3rcl  edit.  p.  .37. 
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Although  a  separation  of  fluid  by  this  extensive  glandular  apparatus  is 
continually  taking  place,  yet  this  fluid,  being  usually  carried-off"  in  the 
form  of  vapour  as  fast  as  it  is  separated,  does  not  accumulate  so  as  to 
become  sensible.  If,  however,  from  the  increased  amount  of  the  secre- 
tion, or  from  the  condition  of  the  surrounding  air,  the  whole  fluid  thus 
poured  out  should  not  evaporate,  it  accumulates  in  minute  di-ops  upon  the 
surface  of  the  skin.  Thus  the  Sudoripai'ous  excretion  may  take  the  form 
either  of  sensible  or  of  insensible  transpiration ;  the  latter  being  constant, 
the  former  occasional.  It  is  difficult  to  obtain  enough  of  this  secretion  for 
analysis,  free  from  the  sebaceous  and  other  matters  which  accumulate  on 
the  sm-face  of  the  skin;  and  its  character  can  only,  therefore,  be  stated 
apjDroximately.  It  has  usually  an  acid  reaction,  which  seems  due  to  the 
presence  of  acetic  acid ;  and  to  this,  or  to  lactic  acid,  we  are  j^robably  to 
attribute  the  soiu*  smell  which  it  has,  especially  in  some  disordered  states 
of  the  system.  The  proportion  of  solid  matter,  according  to  Anselmino, 
varies  between  5  and  12-5  parts  in  1000.  The  greater  part  of  it  consists 
of  organic  matter,  the  larger  proportion  of  which  appeal's  to  be  a  j)roteiu- 
compound  in  a  state  of  incipient  decomposition ;  urea,  however,  has  been 
detected  in  this  product  by  Dr.  Landerer.*  The  remainder  consists  of 
saline  compounds ;  of  which  the  chlorides  of  potassium  and  sodium  appear 
to  be  pretty  constantly  present ;  whilst  muriate  of  ammonia,  alkaline  phos- 
phates, free  acetic  and  butyi-ic  acids,  and  acetate  of  soda,  have  also  been 
said  to  occur  in  it. — The  proportion  of  solid  ingx-edients  would  probably 
be  found  lai'ger  in  the  true  secretion  of  the  Sudoriparous  glands,  if  we  had 
the  means  of  collecting  it  septu'ately ;  for  of  the  whole  fluid  which  j)asses 
off  from  the  surface  of  the  skin,  only  a  portion  can  be  properly  said  to 
be  secreted  by  these  glands,  a  large  part,  as  in  the  case  of  the  Kidneys, 
being  the  product  of  simple  transudation  (§  G3G).  It  will  be  this  pai't 
which  will  undergo  augmentation,  when  a  special  determination  of  blood 
to  the  skin  is  produced  by  external  heat;  and  there  is  no  more  reason  to 
think  that  an  increase  in  the  amount  of  solid  matter  thus  excreted  is 
induced  by  such  agency,  than  that  an  increase  in  the  solids  of  the  urine 
can  be  determined  by  ordinai'y  diuretics  (§  645).  Hence  the  debilitating 
effects  commonly  assigned  to  profuse  perspirations,  must  be  attributed  to 
some  other  causes;  and  these  it  does  not  seem  very  difficidt  to  find. 
Thus,  the  great  fatigue  which  is  experienced  as  a  consequence  of  muscular 
exertion  in  a  heated  atmosphere,  may  fairly  be  set  down  to  the  dimi- 
nished activity  of  the  respiratory  process  at  high  temperatures  (§  564,  a); 
and  the  'colliquative  sweating'  of  hectic  fever  is  obviously  not  a  cause, 
but  a  consequence,  of  the  debilitated  state  of  the  general  system. 

647.  The  entire  amount  of  fluid  which  is  'insensibly'  lost  from  the 
Cutaneous  and  PvJmonary  surfaces,  is  estimated  by  Seguin  at  18  grains 
per  minute ;  of  which  1 1  grains  pass  off  by  the  skin,  and  7  by  the  lungs. 
The  maximum  loss  by  Exhalation,  cutaneous  and  pulmonary,  during 
twenty-four  hours,  (except  under  very  peculiar  circumstances,)  is  5  lbs ; 
the  minimum  1|  lb.  It  varies  greatly,  according  to  the  condition  of  the 
atmosphere,  and  that  of  the  body  itself ;  and  these  variations,  as  we  shall 
hereafter  see  (§  665),  have  a  most  important  shat'e  in  the  regulation  of  the 
temperature  of  the  body.    The  whole  amount  of  Cutaneous  trauspiratiou, 
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'sensible'  and  'insensible,'  is  greatly  increased  by  heat  and  dryness  of  the 
surronndiug  air;  for  the  heat  occasions  the  determination  of  an  aug- 
mented amount  of  blood  to  the  cutaneous  vessels;  and  of  the  fluid 
which  thus  transudes,  a  large  portion  is  carried-off  in  the  state  of  vapour. 
The  more  the  heated  atmosphere  is  already  charged  with  watery  vapour, 
the  smaller  will  be  the  proportion  of  the  transuded  fluid  that  will  thus  'in- 
sensibly' pass  away;  and  the  more  will  accumulate  as  'sensible '  perspiration. 
Exact  observations  on  this  point,  however,  are  much  wanting,  in  which 
not  merely  the  temperature,  but  the  hygrometrical  state  of  the  air  should 
be  precisely  determined;  the  best  hitherto  recorded  being  those  made  by 
Dr.  South  wood  Smith*  at  the  Phoenix  Gas  Works,  in  which  the  former 
element  only  was  carefully  noted.  These  observations  were  made  upon 
eight  of  the  workmen  employed  in  drawing  and  charging  the  retorts  and» 
in  making  up  the  fires,  during  which  they  are  exposed  to  intense  heat ; 
the  men  were  accurately  weighed  in  their  clothes,  immediately  before  they 
began,  and  after  they  had  finished  their  work;  and  in  the  interval  between 
the  fii*st  and  second  weighings,  they  were  not  allowed  to  partake  of  any 
solid  or  liquid  ingesta,  nor  to  part  with  urine  or  faeces. 

Experiment  I.  Nov.  18,  1836.  Day  bright  and  clear.  Temperature 
of  the  air  in  which  the  men  worked,  60°  Fahr.  Barometer  29-25  in.  to 
29-4  in.  Duration  of  labour,  45  minutes. — Average  loss  of  weight,  3  lbs., 
6  oz. ;  maximum,  4  lbs.  3  oz. ;  minimum  2  lbs.  8  oz. 

Experiment  II.  Nov.  25,  1836.  Day  foggy,  with  scarcely  any  wind. 
Temperature  of  the  air,  39°  Fahr.  Barometer  29*8.  Duration  of  labour, 
75  minutes. — Average  loss  of  weight,  2  lbs.  2  oz. ;  maximum,  2  lbs. 
15  oz. ;  minimum,  14  oz. 

Experiment  III.  June  3,  1837.  Day  exceedingly  bright  and  clear 
with  little  wind.  Temperature  of  the  aii»,  00°.  Duration  of  labour,  60 
minutes. — Average  loss  of  weight,  2  lbs.  8  oz. ;  maximum,  3  lbs. ; 
minimum,  2  lbs. 

Experiment  IV.  On  the  same  day,  two  other  men  worked  in  an 
•unusually  hot  place  for  70  minutes;  the  loss  of  weight  of  one  of  these 
"Was  4  lbs.  14  oz. ;  and  of  the  other  5  lbs.  2  oz. 

Although  the  individuals  subjected  to  these  experiments  were  not  in 
all  instances  the  same,  yet  there  was  enough  of  identity  among  them,  to 
admit  of  the  certain  inference,  that  the  amount  of  fluid  lost  must  be 
influenced  by  the  state  of  the  individual  system,  as  well  as  by  that  of 
the  surrounding  medium.  Thus  in  the  second  experiment,  Michael 
Griffiths  lost  2  lbs.  6  oz.,  and  Charles  CaheU  2  lbs.  15  oz. ;  whilst  in  the 
third,  Michael  Griffiths  lost  3  lbs.,  and  Charles  Cahell  only  2  lbs.  It  is 
probable  that  the  amount  of  liquid  ingested  not  long  previously,  might 
have  a  considerable  influence  on  the  quantity  lost  by  transpiration  under 
such  circumstances. 

648.  The  Cutaneous  excretion,  as  already  pointed-out,  is  in  great  degree 
vicarious  with  the  Urinary,  in  regard  to  the  amount  of  fluid  eliminated  • 
the  urine  being  more  watery  in  proportion  as  the  cutaneous  exhalation  is 
diminished  in  amount,  and  vice  versd  (§  636).  But  we  are  also  to  look  at 
these  two  excretions  as  vicarious,  in  regard  to  the  elimination  of  the 
products  of  the  'waste'  of  the  system.    The  share  which  the  Skin  has  in 

*  "  Philosophy  of  Health,"  vol.  ii.  pp.  391-396. 


632 


OP  SECRETION  ANT)  EXCRETION. 


this  office  has  probably  been  generally  under-rated.  There  is  reason  to 
believe  that  at  least  100  grains  of  azotized  matter  are  excreted  from  it 
daily ;  and  any  cause  which  checks  this  excretion,  must  throw  additional 
labour  on  the  kidneys,  and  will  be  likely  to  produce  disorder  of  their 
function. — The  secreting  action  of  the  Skin  is  influenced  by  general 
conditions  of  the  vascular  and  nervous  systems;  which  are  as  yet  ill 
understood.  It  is  quite  certain,  however,  that  through  the  influence  of 
the  latter  the  secretion  may  be  excited  or  suspended;  this  is  seen  on  the 
one  hand  in  the  state  of  syncope,  and  in  the  effects  of  depressing  emotions, 
especially  fear,  and  its  more  aggravated  condition,  terror;  and  on  the 
other,  in  the  diy  condition  of  the  skin  during  states  of  high  nervous 
excitement.  It  is  very  probable  that,  in  many  forms  of  fever,  the  sup- 
jDression  of  the  perspiration  is  a  cause,  rather  than  an  effect,  of  disor- 
dered vascular  action ;  for  there  are  several  morbid  conditions  of  large 
parts  of  the  surface,  in  which  the  suppression  of  the  transpiration 
appears  to  be  one  of  the  chief  sources  of  danger,  having  a  tendency  to 
produce  congestion  and  inflammation  of  internal  organs.  From  the 
experiments  of  Dr.  Fourcault,  it  appears  that  complete  suppression  of 
the  perspiration  in  animals,  by  means  of  a  varnish  applied  over  the  skin, 
gives  rise  to  a  state  termed  by  liim  'cutaneous  asphyxia;'  which  is 
marked  by  imperfect  arterialization  of  the  blood,  and  considerable  fall  of 
tennicraturc,  (§  000);  and  which,  as  it  produces  death  in  the  lower 
animals,  would  probably  do  the  same  in  Man.  A  partial  suppression  by 
the  same  means  gives  rise  to  febrile  symptoms,  and  to  albuminmia. — 
There  can  be  no  doubt  whatever,  that  impei'fect  action  of  the  Cutaneous 
glandula),  consequent  upon  inactive  habits  of  life  and  want  of  ablution, 
is  a  veiy  frequent  source  of  disorder  of  the  general  system ;  occasiouuig 
the  accumulation  of  that  decomposing  organic  matter  in  the  blood, 
which  it  is  the  special  office  of  these  glandulte  to  eliminate.  Hence  the 
due  maintenance  of  health  requires  that  this  excretion  should  be  pro- 
moted by  the  use  of  the  natural  and  approj^riate  means  just  referred-to; 
and  this  is  the  more  necessary,  when  from  any  cause  the  function  of  the 
kidneys  is  imperfectly  performed.  There  are  many  diseased  states,  more- 
over, in  which  there  appears  to  be  a  special  determination  of  the  materies 
morhi  to  the  skin;  and  in  which,  therefore,  the  use  of  means  that  pro- 
mote the  cutaneous  excretion  constitutes  the  most  efficient  method  of 
eliminating  them  from  the  blood.  * 

*  The  practical  value  of  active  diaphoresis  in  many  febrile  diseases,  is  well  understood  bj' 
the  native  practitioners  among  the  Negroes  of  the  Guinea  Coast;  who,  according  to  Dr. 
Daniell  ("Medical  Topography  and  Native  Diseases  of  the  Gulf  of  Guinea,"  pp.  119-2") 
make  use  of  it  most  successfully  in  the  ti'eatment  of  adynamic  remittent  fevers.  Dr.  Darnell 
states  that  having  himself  had  abundant  experience  of  its  efficacy,  he  has  no  doubt  of  its 
superiority  in  these  cases  to  the  ordinary  practice  of  venesection,  saline  purgatives,  large  doses 
of  calomel,  &c.  And  he  has  repeatedly  stated  that  one  great  secret  of  preserving  health  m 
tropical  climates,  lies  in  due  attention  to  the  cutaneous  functions. 
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CHAPTER  XIIL 

EVOLUTION  OF  HEAT,  LIGHT,  AND  ELECTRICITY. 

1 . — General  Considerations. 

G49.  The  series  of  Nutritive  operations  which  has  now  been  passed  in 
view,  has  been  shown  to  consist  in  the  continual  appropriation,  by  the 
nimal  organism,  of  certain  'organic  compounds'  or  'alimentary  mate- 
ils,'  which  have  been  generated  for  its  use  by  Plants;  and  in  the  con- 
at  restoration  of  theii'  elements  to  the  Inorganic  world,  either  in  the 
■y  same  forms  of  combination  in  which  they  originally  existed  there,  or 
^  products  of  incipient  decay,  by  whose  fm-ther  decomposition  those 
iiiple  binary  compounds  wiU  be  reproduced.    And  thus,  so  far  as  the 
iiiterial  components  of  the  Organic  Creation  are  concerned,  the  agency 
t'  Vegetable  life  is  concerned  in  withdrawing  them  from  the  Mineral 
( irld,  and  that  of  Animal  life  in  retm^ning  them  to  it,  after  they  have 
i  ved  their  purpose  in  the  living  structure.    But  if  we  examine  into  the 
u'ce  of  those  active  powers  or  'forces,'  on  whose  operation  every  change, 
M>  less  in  the  organized  body  than  in  what  is  commonly  designated  as 
iiiei-t'  matter,  is  dependent,  we  shall  find  that  they  are  all  traceable  to 
he  solar  radiations.    It  is  by  the  action  of  the  Light  and  Heat  of  the 
■inn  upon  the  Vegetable  germ,  that  it  is  enabled  to  exercise  its  wonderful 
i  jinsfonning  capacity,  whereby  it  extracts  carbon,  hydrogen,  nitrogen, 
lud  oxygen,  from  the  carbonic  acid,  water,  and  ftmmonia  furnished  by  the 
atmosphere  or  the  soil;  and  that  it  converts  these  into  the  albuminous, 
•acchai-ine,  and  oleaginous  compounds,  which  are  the  destined  food  of 
A.nimals.    And  it  is  under  the  influence  of  Heat  chiefly  derived  from  the 
3ame  soiu-ce,  that  the  greater  number  of  tribes  of  Animals  are  enabled 
to  apply  these  compounds  to  the  purposes  of  organization;  and  that, 
through  the  peculiar  instruments  thus  constructed,  those  various  kinds 
of  Vital  force  are  evolved,  whose  operations  are  so  different  from  any 
which  we  witness  in  the  Inorganic  world.    Accordingly  we  observe  that 
the  'rate  of  life'  in  this  larger  proportion  of  the  Animal  kingdom,  is 
regulated,  as  in  Plants,  by  the  amount  of  Heat  supplied  to  the  organism 
from  external  sources;  and  that,  when  the  external  temperature  is  re- 
duced below  a  certain  point,  there  is  an  entire  cessation  of  all  vital 
activity.*    But  there  are  certain  tribes,  especially  Birds  and  Mammals, 
which  possess  the  power  of  generating  Heat  within  themselves,  to  such  a 
degi-ee  as  to  render  the  rate  of  their  vital  processes  almost  entirely  inde- 
pendent of  external  influences ;  and  there  is  probably  no  one  species  that 
fan  exercise  this  power  more  effectually,  and  through  a  greater  range  of 
external  conditions,  than  Man  is  able  to  do.    Of  this  we  shall  presently 
have  evidence. — The  evolution  of  Light,  again,  is  by  no  means  an  unusual 
phenomenon  among  the  lower  tribes  of  Animals ;  but  where  it  docs  occur, 
it  usually  appears  to  have  some  special  purpose,  as  is  obvious  enough  in  the 
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case  of  the  glow-worm  and  other  himiuous  Insects.  But  the  luminosity 
which  is  occasionally  exhibited  in  Man,  must  be  regarded  as  an  altogether 
abnormal  phenomenon,  whose  physiological  interest  arises  out  of  the 
peculiarity  of  the  circumstances  under  which  it  presents  itself — Of  the 
degree  in  which  Electricity  is  generated  in  the  living  body,  we  know  com- 
paratively little.  There  is  strong  evidence  that  a  disturbance  of  Electric 
polarity  must  take  place  in  every  action  of  Organic  as  well  as  of  Inorganic 
Chemistry;  and  thus  that  every  molecular'  change  in  the  Animtd  as  well 
as  in  the  Vegetable  organism  must  involve  an  alteration  in  its  electric 
condition.  But  it  would  seem  that  in  the  Animal  body  genei'aUy,  these 
alterations  are  made  to  balance  each  other  so  exactly,  that  no  considerable 
disturbance  of  the  electric  equilibrium  ordinarily  takes  place  in  the  organ- 
ism as  a  whole;  and  it  is  only  in  certain  peculiar  cases  (as  in  the  Electric 
Fishes)  that  a  provision  exists  for  the  generation  of  Electricity  in  con- 
siderable amount  and  intensity,  with  a  view  to  some  special  purpose.  In 
the  Human  subject,  however,  an  extraordinary  production  of  free  Electri- 
city, as  of  Light,  occasionally  presents  itself;  and  this,  taken  in  connec- 
tion with  other  evidence,  woiild  seem  rather  to  indicate  a  dejDarture  from 
the  usual  balance  between  the  oj)posite  electrical  changes  continually 
taking  place,  than  to  be  due  to  the  introduction  of  any  extraordinary 
som'ces  of  electric  disturbance.* 


2. — Evolution  of  Heat. 

650.  All  the  vital  actions  of  the  body  of  Man,  as  of  that  of  'warm- 
blooded' animals  generally,  require  an  elevated  temperature  as  a  condition 
of  their  performance ;  and  the  high  degree  of  constancy  and  regularity 
wliich  is  observable  in  these  actions,  appears  to  depend  in  great  degi'ee 
upon  the  provision  Avliich  the  organism  contains  within  itself,  for  the 
maintenance  of  that  temperature  at  a  fixed  standard.  This  constancy 
and  regularity  are  most  remarkably  exhibited  in  the  various  periodical 
changes  to  which  the  body  is  subject  both  in  health  and  disease;  the 
uniformity  of  whose  recmTcnce  is  due  to  a  corresponding  uniformity  in 
the  rate  of  vital  action  taking  place  in  the  interval.  Thus,  as  wiU  be 
shown  hereafter,  the  period  of  parturition  is  in  great  degree  determined 
by  the  maturation  of  the  foetal  structm-es;  and  the  uniformity  of  the 
time  which  this  requii'es  (like  the  corresponding  uniformity  in  the  period 
of  development  in  the  embryo  bird)  may  be  fairly  attributed  to  the 
regularity  of  the  supply  of  Heat,  which  is  the  power  that  especially 
determines  the  formative  operations.  For  the  periods  of  all  siroilai-  phe- 
nomena in  'cold-blooded'  animals,  which  have  no  power  of  maintiiinmg 
an  independent  temperature,  exhibit  no  such  imiformity ;  being  entirely 
dependent  (as  in  Plants)  upon  the  degree  of  external  warmth  to  which 
then-  bodies  are  subjected. — We  shall  now  inquu-e,  in  the  first  place,  into 
the  amount  of  Heat  thus  generated  by  Man ;  and  then  into  the  sources 
of  its  production. 

•  Having  recently  had  an  opportunity  of  witnessing  some  of  the  experiments 
Du  Bois  Reyniond  witli  a  magneto-electrometer  of  extraordinary  sensitiveness,  the  -^^ 
can  bear  his  personal  testimony  to  the  fact,  that  the  electricity  even  of  the  coiTCspona  b 
fingers  of  the  two  liands  is  very  seldom  equally  balanced,  and  that  the  existence  ot  evci  ^ 
slightest  scratch  or  abrasion  of  surface  upon  one  of  them  produces  a  very  marked  Uistmu. 
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Col.  Our  present  knowledge  of  the  ordinary  Temperature  of  the 
luman  body  under  different  cu'cumstances,  is  chiefly  due  to  the  investi- 
rations  of  Dr.  J.  Davy.* — The  first  series  of  his  observations  included 
114  individuals  of  both  sexes,  of  different  ages,  and  among  various  races, 
ill  different  latitudes,  and  under  various  temperatures;  the  external 
tomperatm-e,  however,  was  in  no  instance  very  low,  and  the  variations 
were  by  no  means  extreme.  The  mean  of  the  ages  of  all  the  individuals 
was  27  yeai"s.  The  following  is  a  general  statement  of  the  results,  the 
icmpcrature  of  the  body  having  been  ascertained  by  a  thermometer  placed 
under  the  tongue : — 

Temperature  of  the  air           60°  Average  temperature  of  the  body  98 "28° 

„             „                69  ,,            „  98'15 

78°  „            „  „  98-85° 

r»                «                   /  J  J  J,  f  "J. 

80°  „            „  „  99-67° 

82°  q<)-Q° 

o 


Mean  of  all  the  experiments    74°         Mean  of  all  the  experiments  100 
Highest  temperature  of  air      82°         Highest  temperature  of  body  102° 
Lowest  temperature  of  air      60°         Lowest  temperature  of  body  96-5 


l*>om  this  we  see  that  the  variations  noted  by  Dr.  Davy,  which  were  evi- 
dently in  part  the  consequence  of  variation's  in  external  temperature,  but 
which  were  also  partly  attributable  to  individual  peculiarities,  amounted 
to  5  ^  degi'ces ;  the  lower  extreme  might  be  found  to  undergo  still  further 
ilepression,  if  the  inquiries  were  carried  on  in  very  cold  climates. — Dr. 
Davy's  subsequent  inquiries  have  been  directed  to  the  determination  of 
the  various  influences  which  tend  to  produce  a  departure  from  the 
average ;  and  it  will  be  advantageous  to  present  his  results  in  a  systema- 
tized form,  in  combination  with  those  of  other  observers.  The  most 
important  of  these  variations  seem  to  be  t*hase  dependent  upon  Age, 
Period  of  the  day,  Exercise  or  Repose,  Ingestion  of  Food  or  Drink,  and 
External  Temperature. 

a.  The  temperature  of  Infants,  according  to  the  observations  of  Dr. 
Davy,  M.  Roger  t  and  of  Dr.  G.  C.  Holland,;}:  is  somewhat  higher  than 
that  of  adults,§  provided  that  they  are  placed  in  conditions  favourable  to 
its  sustenance;  but,  as  will  be  shown  hereafter,  infants  and  young  chil- 
dren are  very  inferior  to  adults  in  their  power  of  resisting  the  depressing 
influence  of  external  cold  (§  664).  Their  temperature,  when  examined  im- 
mediately after  birth  by  a  thermometer  in  the  axilla,  is  nearly  100°;  but 
it  quickly  falls  to  about  95-5°,  and  gradually  rises  in  the  course  of  the 
next  twenty-four  hours  to  about  97-7°  in  weakly  subjects,  and  to  99-5°  in 
strong  infants.  Between  fom-  months  and  six  yeai-s  of  age,  M.  Roger 
found  the  average  temperature  to  be  98-9°;  and  between  six  and  fom-teen 
years  of  age,  99-16°. — The  temperature  of  aged  persons,  from  the  obser- 

•  See  his  successive  Memoirs  in  the  "Philosophical  Transactions,"  for  1814  (republished 
in  Dr.  D.'s  "Anatomical  and  Physiological  Researches"),  1844,  1845,  and  1850. 
f  "Archiv.  Gen.  de  M6d.,"  1844. 
t  "  Inquiry  into  the  Laws  of  Life,"  1 829. 

§  Dr.  W.  F.  Edwards  ("  On  the  Influence  of  Physical  Agents  on  Life,"  p.  115)  (rives  as 
the  rosult  of  liis  observations,  which  were  only  ten  in  number,  that  the  temperature  of'infants 
is  lower  than  that  stated  above  ;  but  it  is  obvious  that  these  observations  were  made  during 
the  period  of  depression  which  occurs  in  the  first  days,  whilst  the  respiratory  function  is 
becomiiig  cstJiblished. 
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vatious  of  Dr.  J.  Davy,  does  not  seem  to  be  below  that  of  persons  in  the 
vigour  of  life,  provided  that  there  be  no  external  depi-essing  iufluences  • 
but  they  seem,  like  infants  and  young  children,  to  have  less  power  of 
resisting  external  cold,  the  temperature  of  their  bodies  being  more  easily 
and  considerably  reduced  by  it  than  is  that  of  adults;  and  hence  proba- 
bly it  has  haj)pened,  that  popular  opinion  assigns  to  them  an  habitually 
inferior  temperatnre. 

6.  A  slight  diurnal  variation  in  the  temperatm'e  of  the  body  appears 
usually  to  take  place,  quite  u'respectively  of  external  heat  or  cold;  but 
this  does  not  seem  to  be  very  constant  either  in  its  period  or  its  degree, 
and  is  seldom  very  considerable.  Thus  Dr.  Davy  found  fi'om  a  long  series 
of  observations  cai*ried-on  upon  himself  whilst  in  England,  that  the  body 
was  wannest  in  the  morning,  and  coldest  at  night ;  whilst  the  reverse  was 
the  case  in  Barbadoes.    The  following  table  gives  his  average  results : — 


Mean  temperature  under  the  tongue. 

Temperature  of  Room. 

r,    ,     J    S  7-8  A.M. 
England    ^  g^.^^o 

n    ,    ,       S    6-7  A.M. 

Barbadoes  |  g8-07° 

2-4  P.M. 
98-52° 

1-2-2  p.m". 
98-9° 

12  P.M. 

97-9-2° 

9-11  P.M. 

99° 

7-8  A.M. 
50-9° 

6-7  A.M. 

76-7° 

2-4  P.M. 
54-7° 

12-2  P.M. 
83-6° 

12  P.M. 

0-2° 

9-11  P.M. 

79° 

From  the  obsei-vations  of  M.  Chossat  on  Birds,  in  which  the  diimial 
variation  amounts  to  1|°  Fahi*.,  it  seems  that  the  maximum  is  pretty 
constantly  at  noon,  and  the  minimum  near  midnight ;  and  this  cor- 
responds well  with  what  has  ab-eady  been  pointed  out,  with  regard  to  the 
relative  activity  of  respiration  at  different  periods  of  the  twenty-foui'  houre 
(§  0C4,  i).  Probably  there  is  a  less  capacity  for  generating  heat  dui-ing 
the  night;  so  that,  if  the  body  be  insufficiently  protected  by  clothing,  or 
be  exposed  to  a  low  degi-ee  of  external  temperature,  its  own  temperatui-e 
will  be  more  readily  lowered :  and  thus  the  minimum  of  the  whole  day 
may  come  to  present  itself  at  this  part  of  it,  in  a  temperate  climate; 
whilst  in  a  tropical  climate,  the  hght  bed-covering  and  free  circulation 
of  air  usual  in  the  sleeping-room,  together  with  the  depressing  influence 
of  repose,  would  tend  to  render  the  early-morning  temperatm-e  the 
lowest. 

c.  That  an  increase  in  the  heat  of  the  body  is  produced  by  exercise,  and 
that  repose  tends  to  its  rediiction,  is  a  matter  of  familiar  experience;  but 
tlie  observations  of  Dr.  Davy  show  that  there  is  scarcely  any  perceptible 
difference  in  the  heat  of  the  deep-seated  parts,  the  augmentation  and 
depression  being  confined  to  the  extremities.  Thus,  on  one  occasion 
recorded  by  him,  the  temperature  of  the  air  of  the  room  before  wallcmg 
being  G0°,  that  of  the  feet  (the  thermometer  being  placed  between  the 
toes)  being  only  66°  that  of  the  thermometer  under  the  tongue  being 
98°  and  that  of  the  urine  100°,— the  temperature  after  a  walk  in  the 
open  air  at  40°,  the  exercise  having  diffused  a  feeling  of  gentle^  warmtii 
through  the  body,  was  96-5°  in  the  feet,  97°  in  the  hands,  98°  undei 
the  tongue,  and  101°  in  the  urine.  So  on  another  occasion,  the  tempera- 
ture having  been  66°  in  the  room,  75°  in  the  feet,  81°  in  the  hana^, 
98°  under  the  tongue,  and  100°  in  the  m-ine,— after  a  walk  in  air  at  , 
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;  temperatiu-e  was  99°  in  the  feet,  98°  in  the  hands,  98°  nnder  the 
mue,  and  lOl-S^^  in  the  nriue. 

/.  The  influence  of  ingestion  of  food  upon  the  temperature  of  the  body 
s  not  yet  been  duly  investigated.   Common  experience  leads  to  the  con- 
usion,  that  after  a  meal,  as  after  exercise,  there  is  a  greater  warmth 
the  extremities ;  but  Dr.  Davy's  observations  show  that,  in  his  own 
^e,  whilst  in  England,  there  was  usually  an  appreciable  depression  im- 
liately  after  dinner,  though  in  Barbadoes  the  effect  of  a  moderate 
;il  was  to  produce  an  elevation.    In  both  cases,  however.  Dr.  D.  ob- 
i  ved  that  the  ingestion  of  ivine  has  a  positively  depressing  influence  on 
If  tempcratm-e  of  the  body,  which  increases  with  the  quantity  taken ; 
k1  it  may  have  been  the  constant  employment  of  wine  with  his  dinner, 
hich  was  the  real  cause  of  the  depression  observed  in  England.* 
e.  The  influence  of  external  temperature  is  sufficiently  apparent  in  the 
Itservatious  already  cited;  for  although  external  cold  may  act  in  a 
itferent  degree  on  different  individuals,  according  to  their  respective 
l;cs,  powers  of  resistance,  &c.,  yet  there  is  ample  proof  that  on  the 
hole  a  continued  exposure  to  it  reduces  the  temperature  of  the  body 
)mewhat  below  its  ordinary  standard,  whilst  continued  exposure  to  heat 
ccasions  a  shght  elevation  in  the  temperature  of  the  body.    The  in- 
ncnce  of  cold  is,  of  course,  most  powerfully  exerted  when  the  body  is  at 
t  j  and  under  such  circumstances  Dr.  Davy  found  the  temperature  of 
-  own  body  to  be  reduced,  on  an  average  of  four  observations,  to  9  6 '7", 
iiij  average  temperatm-e  of  the  surrounding  air  having  been  37°.  On 
laparing  the  bodily  temperatm-e  of  different  individuals  working  in 
tms  of  vai'ious  temperatures  in  the  same  factory.  Dr.  Davy  found  the 
'  iiigue-thennometer  rise  to  100°  in  one  man,  and  to  100-5'  in  another, 
A 1 10  had  been  working  for  some  hom's  in  a  room  at  92°;  whilst  it  was 
'•'^  in  a  young  woman  who  worked  in  a  room  at  73°,  and  only  97"5o  in 
mother  who  worked  in  a  temperature  of  60°.    The  effects  of  seasonal 
3hange  are  less  marked  in  Man,  than  they  are  in  the  lower  animals,  which 
u-e  more  exposed  to  extremes  of  temperature;  but  it  seems  principally 
exerted  in  modifying  the  heat-producing  power.    For  it  has  been  shown 
by  Dr.  W.  F.  Edwards  (Op.  cit.),  that  warm-blooded  animals  are  more 
speedily  kiUed  by  extreme  cold  in  summer  than  in  winter;  and  it 
seems  probable,  therefore,  that  we  are  partly  to  attribute  the  peculiar 
chilling  influence  of  a  cold  day  in  summer,  and  the  oppressiveness  of  a 
warm  day  in  winter,  to  the  seasonal  change  in  the  body  itself;  although 
the  efiect  is  doubtless  referable  in  part  to  the  effect  of  contrast  upon  our 
own  feelings. 

652.  The  usual  Temperature  of  the  body  occasionally  undergoes  con- 
siderable alteration  in  disease;  and  this  in  the  way  either  of  increase  or 

*  This  difference  in  effect  noted  by  Dr.  Davy,  between  a  moderate  quantity  of  wine  taken 
with  dinner  in  England  and  in  Barbadoes,  seems  readily  explicable  by  the  fact  that  the  presence 
of  Alcohol  in  the  blood  diminishes  for  a  time  the  energy  of  the  proper  combustive  process 
(§  264,  h).  For  when  the  temperature  of  the  atmosphere  is  considerably  below  that  of  the 
body,  this  retardation  of  the  combustive  process  occasioned  by  the  wine  will  allow  the  heat 
of  the  body  to  be  lowered  by  it,  notwithstanding  the  tendency  to  increased  activity  of  the 
circulation  and  respiration  which  the  meal  alone  would  exert.  In  a  warm  clim;ite  on  tli 
other  hand,  the  cooling  influence  of  the  external  air  would  not  be  sufiicieut  to  produce  tiiis 
reduction  m  the  temperature  of  the  body,  notwithsUuiding  the  retarding  inaueiice  of  tlw. 
wme  upon  tlie  combustive  process. 
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of  diminution.  Thus  in  maladies  which  involve  an  acceleration  of  pulse 
and  a  quickening  of  the  respiration,  the  temperature  is  generally  higher 
than  usual,  even  though  a  lai'ge  portion  of  the  lung  may  be  unfit  for  its 
function.  This  is  often  remarkably  seen  in  the  last  stages  of  phthisis, 
when  the  inspirations  are  extremely  rapid,  and  the  pulse  so  qiiick  as 
scarcely  to  admit  of  being  counted;  the  skin,  in  such  cases,  often  be- 
comes almost  painfully  hot.  On  the  other  hand,  in  diseases  of  the  con- 
trary character,  such  as  'morbus  coeruleus,'  asthma,  and  cholera,  the 
temperature  of  the  body  falls;  a  reduction  to  78°  having  been  noticed  in 
the  former  maladies,  and  to  67°  in  the  latter.  The  range  observed  by 
M.  Andral  in  diseases  which  less  affected  the  calorifying  function,  was 
from  95°  to  107-6°;  and  by  M.  Roger  (loc.  cit.),  in  diseases  of  children, 
from  74-3  to  108-5.  Prof  Dunglison*  speaks  of  having  seen  the  ther- 
DQometer  at  106°  in  scarlatina  and  typhus;  and  Dr.  Francis  Home,t 
found  it  to  stand  at  104°  in  two  individuals  in  the  cold  stage  of  an  inter- 
mittent, whilst  it  afterwards  fell  to  101°  and  subsequently  to  99°,  diuiug 
the  sweating  stage.  Dr.  Edwai-ds  mentions  a  case  of  tetanus,  in  which  the 
temperature  of  the  body  rose  to  110|°.  The  following  observations  have 
been  made  on  this  subject  by  M.  Donne  :J  in  a  case  of  puerperal  fever,  the 
pulse  being  168,  and  the  resjDiration  48  per  minute,  the  temjDeratm-e  was 
104°;  in  a  case  of  hypertrophy  of  the  heart,  the  pulse  being  150  and  the 
respirations  34,  the  temperature  was  103°;  in  a  case  of  typhoid  fever,  the 
pulse  being  136,  and  the  respirations  50,  the  temperature  was  104°;  and 
in  a  case  of  phthisis,  the  pulse  being  140,  and  the  respirations  62,  the  tem- 
perature was  102°;  on  the  other  hand,  in  a  case  of  jaundice,  in  which 
the  pulse  was  but  52,  the  temperature  was  only  96-40°;  but  the  same 
temperature  was  observed  in  a  case  of  diabetes,  in  which  the  pulse  was 
84.  These  limited  observations,  whilst  they  clearly  indicate  that  a 
general  relation  exists  between  the  temperature  of  the  body  and  the 
rapidity  of  the  pulse,  also  show  that  this  relation  is  by  no  means  in- 
variable, but  that  it  is  liable  to  be  affected  by  several  causes,  of  which 
our  knowledge  is  as  yet  very  limited. — It  is  not  a  little  remarkable  that 
the  temperature  of  the  body  should  sometimes  rise  considerably  after 
death ;  and  this  not  merely  in  such  diseases  as  Cholera,  in  which  it  has 
undergone  an  extreme  depression  during  the  latter  part  of  life ;  but  even 
in  the  case  of  febrile  disorders,  in  which  the  temperature  during  Ufe  has 
been  above  the  usual  standard.  This  has  been  ascertained  by  Dr. 
Bennett  Dowler§  of  New  Orleans,  on  the  bodies  of  those  yellow-fever 
subjects  which  have  already  been  referred-to  as  exliibiting  a  remarkable 
degree  of  molecular  life  after  somatic  death  (§§  328,  522).  In  one  cas^e, 
for  example,  the  highest  temperatm^e  dm-ing  life  was  in  the  axilla,  104  ; 
ten  minutes  after  death  it  had  risen  to  109°  in  the  axilla;  fifteen  minutes 
afterwards  it  was  113°  in  an  incision  in  the  thigh;  in  twenty  minutes  the 
liver  gave  112°;  in  one  hour  and  forty  minutes,  the  heart  gave  109°,  and 
the  thigh  in  the  foi-mer  incision  109°;  and  in  three  hours  after  the 

*  "  Human  Physiology,"  7th  edit.,  vol.  ii.  p.  225. 

t  "Medical  Facts  and  Experiments,"  London,  1759.  .. 

X  "Archives  Gen.  de  Med.,"  Oct.  1835  ;  and  "  Brit,  and  For.  Med.  Rev."  vol.  P- 

\  "  Western  Journal  of  Medicine  and  Surgery,"  June  and  Oct.,  1844  ;  cited  m    l  nn.i- 

delpl.ia  Medical  Examiner,"  June,  1845,  and  in  Prof.  Dunglison's  "  Human  1  tivsiolog}, 

7th  edit.,  vol.  ii.  p.  718. 
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iiioval  of  all  the  viscera,  a  new  incision  in  the  thigh  gave  110°.  It  is 
iiious  that  the  maximum  of  the  heat  observed  after  death  should  have 
on  in  the  thigh,  and  the  minimum  in  the  brain ;  as  is  shown  in  the 
[lowing  table  of  the  highest  amount  of  temperature  noted  in  eight 
iFerent  regions  in  five  subjects : — 


Thigh. 

Epigastrium, 

Axilla. 

Chest. 

Heart. 

Brain. 

Rectum. 

Liver. 

113° 

111° 

109° 

107° 

109° 

10-2° 

111° 

112° 

109° 

110° 

109° 

106-5° 

106° 

101° 

109° 

109° 

109° 

109° 

108° 

106° 

105° 

101° 

J  07° 

108° 

109° 

109° 

108° 

106° 

104° 

100° 

107° 

107° 

108° 

109° 

107° 

105° 

104° 

99° 

106° 

106° 

109-6° 

109-6° 

108-2° 

106-1° 

105-6° 

100-6° 

108° 

108-4° 

653.  Although  there  appears  to  be,  for  all  species  of  animals,  a  distinct 
limit  to  the  vaiiations  of  bodily  temperature,  under  which  their  vital 
iperatious  can  be  carried  on,  this  limitation  does  not  prevent  animals 
t'l-om  existing  in  the  midst  of  great  diversities  of  external  conditions; 
-iuce  they  have  within  themselves  the  power  of  compensating  for  these, 
1  a  very  extraordinary  degree.  This  power  seems  to  exist  in  Man  to  a 
iiigher  amount  than  in  most  other  animals;  since  he  can  not  only  sup- 
port but  enjoy  life,  under  extremes,  of  which  either  would  be  fatal  to 
many.  In  many  parts  of  the  tropical  zone,  the  thermometer  rises  every 
(lay,  through  a  large  portion  of  the  year,  to  110°;  and  in  British  India  it 
said  to  be  seen  occasionally  at  130°.  On  the  other  hand,  the  degree  of 
'Id  frequently  sustained  by  Arctic  voyagers,  and  quite  endurable  under 
I' roper  precautions,  appears  much  more  astonishing;  by  Captain  Parry, 
tlie  thermometer  has  been  seen  as  low  as  — 55°,  or  87°  below  the  freezino- 
point;  by  Captain  Franklin  at  — 58°,  or  90°  below  the  freezing  point; 
and  by  Captain  Back  at  — 70°,  or  102°  belc5w-the  freezing  point.  In 
l)oth  cases,  the  effect  of  the  atmospheric  temperature  on  the  body  is 
greatly  influenced  by  the  condition  of  the  air  as  to  motion  or  rest;  thus, 
every  one  has  heard  of  the  almost  unbearable  oppressiveness  of 
the  *  sirocco'  or  hot  wind  of  Sicily  and  Italy,  the  actual  temperature  of 
which  is  not  higher  than  has  often  been  experienced  without  any  great 
discomfort,  when  the  air  is  calm :  and,  on  the  other  side,  it  may  be  men- 
tioned that,  in  the  experience  of  many  Arctic  voyagers,  a  temperature  of 
— 50°  may  be  sustained,  when  the  air  is  perfectly  still,  with  less  incon- 
venience than  is  caused  by  air  in  motion  at  a  temperature  fifty  degi-ees 
higher.*  This  is  quite  conformable  to  what  might  be  anticipated  on 
physical  principles. 

654.  Again,  the  degi'ee  of  moisture  contained  in  a  heated  atmosphere, 
makes  a  great  dilference  in  the  degree  of  elevation  of  temperatm-e,  which 

*  The  Author  has  been  informed  by  Sir  John  Richardson,  that  in  his  last  Arctic  Expedi- 
tion, whilst  at  winter  quarters,  he  was  accustomed  to  go  from  his  sitting-room,  to  the 
magnetic  observatory  at  a  short  distance  (about  an  ordinary  street's  breadtli),  without  feeling 
it  necessary  even  to  put  on  a  great-coat;  although  the  temperature  of  the  former  was  about 
60°,  and  that  of  the  air  through  which  he  had  to  pass  to  the  latter  was  — 50°,  the  diilbrence 
being  100°.  This  immunity  from  chilling  influence  was  chiefly  attributable  to  the  dryness 
and  stillness  of  the  atmosphere ;  but  it  is  worthy  of  note  that  Sir  J.  II,  and  the  whole  of  his 
party  on  this  expedition,  abstained  entirely  from  alcoholic  liquors  ;  and  the  Author  has 
received  his  personal  assurance,  that  his  experience  on  this  occasion  fully  bore  out  liis 
previous  conviction,  that  continued  severe  cold  is  much  Idler  borne  without  recourse  to  these 
liquors,  than  under  the  employment  of  them. 
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may  be  sustained  without  inconvenience.  Many  instances  are  on  recordi 
of  a  heat  of  from  250°  to  280°  being  endured  in  dry  air  for  a  consider-ji 
able  leng-th  of  time,  even  by  persons  unaccustomed  to  a  pax-ticularly  higli' 
temperature;  and  persons  whose  occupations  are  such  as  to  require  ii. 
can  sustain  a  much  higher  degree  of  heat,  though  not  perhaps  for  anv 
long  period.  The  workmen  of  the  late  Sir  F.  Chantrey  were  accus- 
tomed to  enter  a  furnace  in  which  his  moulds  were  dried,  whilst  the 
floor  was  red-hot,  and  a  thermometer  in  the  air  stood  at  350°;  and 
Chabert  the  "Fire-king,"  was  in  the  habit  of  entering  an  oven  whose 
temperature  was  from  400°  to  600°.*  It  is  possible  that  these  feats 
might  be  easily  matched  by  many  workmen  who  are  habitually  exposed 
to  high  temperatm-es ;  such  as  those  employed  in  Iron-foundries,  Glass- 
houses, and  Gas-works.  In  all  these  instances,  the  dryness  of  the  au- 
facilitates  the  rapidity  of  the  vaporization  of  the  fluid,  whose  secretion  by 
the  Cutaneous  glaudidee  is  promoted  by  heat  applied  to  the  sm-face;  and 
the  large  amount  of  caloric  which  is  consumed  in  this  change,  is  for  the 
most  part  withdrawn  from  the  body,  the  temperature  of  which  is  thus 
kept  down.  Exposm-e  to  a  very  elevated  temperature,  however,  if  con- 
tinued for  a  sufficient  length  of  time,  does  produce  a  certain  elevation  of 
that  of  the  body;  as  might  be  expected  from  the  statements  abeady 
made,  in  regard  to  the  variation  in  the  heat  of  the  body  with  changes  in 
atmospheric  temperature  (§  G51).  In  the  experiments  of  MM.  Berger 
and  Delaroche,t  it  was  fouud  that,  after  the  body  had  been  exposed  to 
air  of  120°  during  17  minutes,  a  thermometer  placed  in  the  mouth  rose 
nearly  7°  above  the  ordinary  temperatm'e;  it  may  be  remarked,  however, 
that  as  the  body  was  immersed  in  a  close  box,  from  which  the  head  pro- 
jected (in  order  to  avoid  the  dii'ect  influence  of  the  heated  au;  on  the 
tcmpei'ature  of  the  mouth),  the  air  had  probably  become  chai'ged  ■with 
the  vapour  exhaled  from  the  sm-face,  and  had  therefore  somewhat  of  the 
efiects  of  a  moist  atmosphere.  At  any  rate,  the  temperatm-e  of  the 
body  does  not  appear  to  rise,  under  any  circumstances,  to  a  degree  very 
much  greater  than  this.  In  one  of  the  experiments  of  Drs.  Fordyce  and 
Blagden,:};  the  temperature  of  a  Dog,  that  had  been  shut  up  for  half-ali- 
liom'  in  a  chamber  of  which  the  temperature  was  between  220°  and  236°, 
was  found  to  have  risen  fi-om  101°  to  about  108°.  MM.  Delaroche  and 
Berger  ti'ied  several  experiments  on  different  species  of  animals,  in  order 
to  ascertain  the  highest  temperature  to  which  the  body  could  be  raised 
without  the  destruction  of  life,  by  inclosing  thexTi  in  air  heated  from  122° 
to  201°,  until  they  died:  the  result  was  very  imiform,  the  temperatm-e  ot 
the  body  at  the  end  of  the  experiment  only  varying  in  the  different 
species  between  11°  and  13°  above  their  natural  standard:  whence  it 
may  be  infeiTed,  that  an  elevation  to  this  degree  must  be  fatal.  Ihis 

*  The  wonderful  feats  performed  by  many  individuals  from  time  to  time,— of  dipping  the 
hand  into  melted  lead,  laying  hold  of  a  red-hot  iron,  &c.,— have  been  recentlj^  shown  Uj^x^- 
de  Boutigny  to  be  explicable  upon  very  simple  principles.  For  in  all  such  cases,  a  "  . 
of  aqueous  fluid  in  the  '  spherical  state'  intervenes  between  the  skin  and  the  '"^'"^"^  ,  'fg] ' 
and  a  hand  which  is  naturally  damp,  or  which  has-been  slightly  moistened,  "f^  ^  j,;, 
passed  into  the  stream  of  molten  iron  as  it  flows  from  the  furnace ;  as  was  demo"s"^''  . 
M.  de  Boutigny  at  the  recent  meeting  of  the  British  Association  at  Ipswich  (l^-^U;^ 

+  "  Experiences  sur  les  Ellets  (|irune  forte  Clialeur  produit  sur  rhconomic  , 
1805  :  and  "Journal  de  Pliysif|uo,"  tomes  Ixiii.,  Ixxi.,  ct  l.xxvii. 

X  "Philosophical  Transactions,''  1775. 
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elevation  would  be  attained  comparatively  soon  in  a  moist  atmosphere ; 
partly  because  of  the  greatei-  conducting  j)o\ver  of  the  medium  :  but  prin- 
cipally on  account  of  the  check  which  is  put  upon  the  vaporization  of  the 
fluid  secreted  by  the  skin.  Even  here,  however,  custom  and  acquired  con- 
stitution have  a  very  striking  influence ;  for  whilst  the  inhabitants  of  this 
country  are  unable  to  sustain,  during  more  than  10  or  12  minutes,  im- 
mersion in  a  vapour-bath  of  the  temperature  of  110°  or  120°,  the 
Finnish  peasantry  remain  for  half  an  hour  or  more  in  a  vapour  bath  the 
temperature  of  which  finally  rises  even  to  158°  or  167°. — Accurate  experi- 
ments are  yet  wanting,  to  determine  the  influence  of  humidity  on  the 
eflfects  of  cold  air.  From  experiments  on  young  Birds  incapable  of 
maintaining  their  own  temperature,  of  which  some  were  placed  in  cold 
dry  air,  and  others  in  cold  air  charged  with  moisture,  it  was  found  by 
Dr.  Edwards  that  the  loss  of  heat  was  in  both  instances  the  same;  the 
effect  of  the  evaporation  from  the  surface  in  the  former  case,  being  coun- 
terbalanced in  the  latter  by  the  depressing  influence  of  the  cold  moisture. 
This  influence,  the  existence  of  which  is  a  matter  of  ordinary  experience, 
is  probably  exerted  directly  upon  the  nervous  system. 

6-55.  Having  thus  considered  the  general  facts  which  indicate  the 
faculty  possessed  by  tlie  living  system,  in  the  higher  Animals,  of  keeping 
up  its  temperature  to  an  elevated  standard,  and  of  preventing  it  from 
being  raised  much  beyond  it  by  any  degree  of  external  heat,  we  have 
next  to  inquire  to  what  this  faculty  is  due. — In  forming  an  opinion  upon 
this  point,  it  is  of  fundamental  importance  to  bear  in  mind,  that  the 
production  of  Heat  is  not  peculiar  to  Animals,  but  is  exhibited  also  by 
Plants,  in  parts  in  which  certain  vital  operations  that  involve  the  pro- 
duction of  carbonic  acid,  are  taking  place  with  unusual  rapidity,  and 
under  circumstances  which  tend  to  prevent  the  dissipation  of  the  heat 
thus  generated.  This  is  pre-eminently  the  case  during  the  periods  of 
germination  and  flowering;  as  may  be  seen  in  the  act  of  malting,  where 
a  number  of  germinating  seeds  being  heaped  together,  the  thermometer 
in  the  midst  of  them  has  been  obseiwed  to  rise  to  110°;  whilst  during  the 
flowering  of  the  Arum  tribe,  whose  blossoms  are  crowded  together  on 
spadixes,  and  these  are  enclosed  in  protective  spathes,  a  thermometer 
placed  in  the  midst  of  twelve  spadixes  has  been  seen  to  rise  to  121°,  the 
temperature  of  the  surrounding  air  being  only  66°.*  In  all  such  cases, 
the  elevation  of  temperature  is  found  to  be  a  very  constant  ratio  to  the 
amount  of  carbonic  acid  which  is  produced  by  the  imion  of  atmospheric 
oxygen  with  carbon  set  free  from  the  vegetable  tissues ;  t  so  that  it  is 
scarcely  possible  to  entertain  a  reasonable  doubt,  that  the  production  of 
Heat  in  Plants  is  dependent  upon  a  process  of  slow  combustion. — When 
the  general  phenomena  of  Calorification  in  Animals  are  carefully  ex- 
amined, they  are  found  to  harmonise  with  this  view.  Throughout  the 
whole  kingdom,  a  close  and  exact  conformity  may  be  perceived,  between 
the  amount  of  Oxygen  consumed  and  of  Carbonic  acid  given  oflf,  and  the 

•  See  "  Princ.  of  Phys.,  Gen,  and  Comp.,"      615,  616. 

+  This  has  been  made  j'et  more  certain  by  the  recent  observations  of  M.  Garreau  ("  Ann. 
des  Sci.  Nat.,"  3me  serie,  Botan.,  torn.  xvi.  p.  250),  who  has  noted  the  temperature  of  these 
spadixes,  hour  by  hour,  during  the  '  paroxysm  '  of  flowering,  and  the  quantity  of  oxvgen  con- 
sumed during  tlie  same  periods,  with  the  following  result ;  the  amount  of  heat  developed 
being  expressed  by  the  number  of  degrees  (Cent.)  shown  by  the  thermometer  above  tlie 
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degree  of  Heat  liberated.    In  the  cold-blooded  animals,  whose  temi)era- 
ture  is  almost  entirely  dependent  upon  that  of  the  surrounding  element, 
the  respiration  is  feeble ;  being  carried  on,  for  the  most  part,  through  the 
medium  of  water.    In  the  warm-blooded  Vertebrata,  however,  which 
have  the  power  of  keeping  up  the  heat  of  their  bodies  to  an  elevated 
standard,  even  when  that  of  the  siu-rounding  air  is  far  beneath  it,  the 
quantity  of  oxygen  consumed  is  very  large ;  and  that  required  by  Birds  is 
more,  in  proportion  to  their  size,  than  that  employed  by  Mammalia,  as 
we  should  expect  from  the  more  elevated  temperature  of  the  former.  In 
the  class  of  Insects,  we  have  a  very  remai'kable  illustration  of  the  same 
general  fact.    It  appears,  from  the  researches  of  Mr.  Newport,*  that 
Insects,  during  their  larva  and  pupa  states,  and  even  in  their  perfect  con- 
dition when  at  rest,  are  to  be  regarded  as  trvily  cold-blooded  animals; 
their  temperature  rising  and  falling  with  that  of  the  suiTounding  medium, 
and  being  at  no  time  more  than  a  degree  or  two  above  it.    In  a  state  of 
activity,  however,  the  temperature  of  the  body  attains  a  considerable 
elevation  ;  frequently  as  much  as  10°  or  15°  above  that  of  the  air.  It 
must  be  remembered  that,  owing  to  their  larger  extent  of  sm*face  in  pro- 
portion to  their  bulk,  small  animals  are  cooled  much  more  rapidly  than 
large  ones;  and  the  temperature  of  insects  would  probably  rise  much 
higher,  if  it  were  not  for  the  loss  they  ai-e  thus  continually  experiencing, 
which  is  gi-eatly  increased  by  the  action  of  the  wings.    In  one  of  ^Ir. 
N.'s  experiments,  a  single  Humble-bee,  in  a  state  of  violent  excitement, 
communicated  to  three  cubic  inches  of  air  as  much  as  4°  of  heat  within 
five  minutes;  its  own  temperature  being  raised  7°  in  the  same  time. 
When  several  individuals  in  a  state  of  excitement,  however,  are  clustered 
together,  so  that  the  loss  of  heat  is  prevented,  the  elevation  of  temperar 
ture  is  much  more  considerable;  thxis  a  thermometer  introduced  ainong 
seven  "nursing-bees"  stood  at  92^°,  whilst  the  external  air  was  only 
70° ;  and  the  temperatm-e  of  a  hive  was  raised  by  disturbing  it,  during 
winter,  from  48^°  to  102°,  the  temperature  of  the  air  being  only  34|°  at 
the  time. — In  all  these  instances,  the  amount  of  Oxygen  consumed  bears 
an  exact  proportion  to  that  of  the  Heat  evolved. 

656.  We  have  seen  that  in  Man,  as  in  the  lower  animals,  exercise  has 


temperature  of  the  Burrounding  air,  and  the  quantity  of  oxygen  consumed  heing  stated  i: 
multiples  of  the  volume  of  each  spadix. 


No.  1. 

No.  2. 

No.  3, 

Heat 
produced. 

Oxygen 
consumed. 

Heat 
produced. 

Oxygen 
consumed. 

Heat 
produced. 

Orygen 
consumed. 

Ist  hour 
2nd  hour 
3rd  hour 
4th  hour 
5th  hour 
6th  hour 

3-2 

5-  3 

7-  8 

8-  3 

6-  0 
2-7 

Ml 
16-2 
21 -4 
28-5 
14-2 
5-7 

4-2 

7-  2 
9-8 

8-  4 
4-8 
2-7 

16-5 
21-1 
27-7 
18-9 
12-2 
5-5 

3-5 
6-1 
8-6 
10-2 

fl-8 
5-7 

100 
1.V5 
21-1 
31-1 
18-9 
7-7 

Mean  ^       .       .  . 

5-5 

16-1 

6-1 

lG-9 

7-3 

17-3 

*  "  Philosophical  Transactions,"  1837. 
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a  considerable  though  a  more  limited  effect  hi  producing  an  elevation  of 
temperature;  and,  that  this  is  not  merel}^  due  to  the  acceleration  of  the 
circulation,  is  shown  by  the  fact,  that  the  exercise  of  a  particular  muscle 
will  cause  an  increase  in  the  heat  liberated  from  it  (§  330).*  It  may  be 
stated  as  a  general  fact,  that  every  change  in  the  condition  of  the  organic 
components  of  the  body,  in  which  their  elements  enter  into  new  combina- 
tions with  oxygen,  must  be  a  source  of  the  development  of  Heat.  And 
as  we  have  seen  that  a  considerable  part  of  the  carbonic  acid  and  water 
which  are  exhaled  in  Respiration,  is  formed  within  the  body  by  the 
metamoi-phosis  of  its  own  tissues,  and  that  this  metamorphosis  is  pro- 
moted by  the  active  exercise  of  the  nervo-muscular  apparatus,  it  follows 
that  in  animals  whose  habits  of  life  are  pecuharly  active,  whilst  the 
temperature  of  the  siu-rounding  medium  is  sufficiently  high  to  prevent 
its  exerting  any  considerable  cooling  influence  over  them,  the  combustive 
process  thus  maintained  may  be  adequate  for  the  maintenance  of  the 
temperature  of  the  body  at  its  normal  standard.  This  seems  to  be  the 
case  with  the  great  Carnivorous  quadrupeds  of  warm  cHmates,  and  with 
certain  races  of  Men  who  lead  a  Ufe  of  incessant  activity  like  theirs. 
But  whenever  the  cooHug  influence  of  the  atmosphere  is  gi-eater,  or  the 
retrograde  metamorphosis  of  tissue  takes  place  with  less  activity,  some 
further  supply  of  heat-producing  material  is  required ;  and  this  is  derived 
either  directly  from  the  food,  or  from  a  store  previously  laid  up  in  the 
body.  Although  the  albuminous  and  gelatinous  components  of  the 
food,  may  be  made,  by  decomposition  within  the  body,  to  yield  saccharine 
and  oleaginous  compounds,  which  serve  as  an  immediate  pabulum  to  the 
combustive  process,  yet  this  metamorphosis  involves  a  great  waste  of 
valuable  nutritive  material;  and  the  needed  supply  is  much  more  advan- 
tageously derived  at  once  from  those  farinaceous  or  oleaginous  substances, 
which  are  furnished  in  abundance  by  the  Vegetable  kingdom,  the  latter 
also  by  the  Animal.  No  reasonable  doubt  can  any  longer  be  enter- 
tained, that  the  production  of  Heat  by  the  combustive  process  is  the 
purpose  to  which  these  substances  are  destined  to  be  subservient  in  the 
bodies  of  Herbivorous  animals  and  of  Man ;  and  the  results  of  experience 
in  regard  to  their  relative  heat-producing  powers,  are  in  precise  accord- 
ance with  the  indications  afforded  by  their  chemical  composition  (§  401). 

657.  Our  knowledge  of  the  dependence  of  all  the  vital  processes  in 
warm-blooded  animals  upon  the  Heat  of  their  bodies,  and  of  the  depen- 
dence of  their  calorifying  power  upon  the  due  supply  of  material  for  the 
combustive  process,  has  received  some  remarkable  additions  from  the 
experiments  of  M.  Chossat  upon  Starvation,  t  He  found  that  Birds, 
when  totally  deprived  of  food  and  drink,  suffered  a  progressive,  though 
shght,  daily  diminution  of  temperature.  This  diminution  was  not  so 
much  shown  by  a  fall  of  their  maximum  heat,  as  by  an  increase  in  the 

*  It  was  affirmed  by  Dr.  Granville  ("Phil.  Trans.,"  1825)  that  the  temperature  of  the 
uterus  during  parturition  sometimes  rises  as  high  as  120°.  In  some  observations  made  at  the 
Philadelphia  Hospital,  however,  at  the  desire  of  Prof.  Dunglison,  the  temperature  of  the 
uterus  was  not  found  to  be  much  above  that  of  the  vagina;  the  former  being,  in  three  cases 
100°,  102°,  and  106°,  whilst  the  latter  was  100°,  100°,  and  105°.  (Prof.  Dunglison'a 
"  Human  Physiology,"  7th  edit.,  vol.  ii.  p.  22G). 

t  "  Rccherches  Exp^rimcntales  sur  Tlnanition,"  Paris,  1843;  an  analysis  of  this  work 
will  be  found  in  the  "  Brit,  and  For.  Med.  Rev.,"  April,  1844. 
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diurnal  variation,  which  he  ascertained  to  occur  even  in  the  normal  state 
{§  651,6).  The  average  variation  in  the  inanitiated  state,  \s'as  about  6° 
(instead  of  \\°),  gradually  increasing  as  the  animal  became  weaker ;  more- 
over, the  gradual  rise  of  temperature,  which  should  have  taken  place 
between  midnight  and  noon,  was  retarded ;  whilst  the  fall  subsequently  to 
noon  commenced  much  earlier  than  in  the  healthy  state;  so  tliat  the 
average  of  the  whole  day  was  lowered  by  about  4^°  between  \hQ  first  and 
the  penultimate  days  of  this  condition.  On  the  last  day,  the  production 
of  heat  diminished  very  rapidly,  and  the  thermometer  fell  from  hour  to 
hour,  until  death  supeiwened;  the  whole  loss  on  that  day  being  about 
25°  Fahr.,  making  the  total  depression  about  29.^°.  This  depression 
appears,  from  the  considerations  to  be  presently  stated,  to  be  the  imme- 
diate cause  of  Death. — On  examining  the  amount  of  loss  sustained  by  the 
different  organs  of  the  body,  it  was  found  that  93  per  cent  of  the  Fat 
had  disappeared ;  being  all,  in  fact,  which  co?iW  be  removed;  whilst  the 
nervous  centres  scarcely  exhibited  any  diminution  in  weight  (§  416). 
From  the  constant  coincidence  between  the  entire  consumption  of  the  fat, 
and  the  depression  of  temperature, — joined  to  the  fact  that  the  duration 
of  life  imder  the  inanitiating  process  evidently  varied  (other  things  being 
equal)  with  tlie  amount  of  fat  previously  accumulated  in  the  body, — the 
inference  seems  irresistible,  that  the  calorifjdng  process  depended  chiefly, 
if  not  entirely,  on  the  materials  su2)j)lied  by  this  substance.  Whenever, 
therefore,  the  store  of  combustible  matter  in  the  system  was  exhausted, 
the  inanitiated  animals  died,  by  the  cooling  of  their  bodies  consequent 
iipon  the  loss  of  calorifying  power. 

658.  That  this  is  the  real  explanation  of  the  fact,  is  shown  by  the  re- 
sults of  a  series  of  very  remarkable  experiments  performed  by  M.  Chossat, 
with  the  piu'pose  of  testing  the  correctness  of  this  view.  When  inan- 
itiated animals  whose  death  seemed  impending  (in  several  instances  death 
actually  took  place,  whilst  the  preliminary  processes  of  weighing,  the 
application  of  the  thermometer,  &c.,  were  being  performed),  were  sub- 
jected to  artificial  heat,  they  were  almost  vmiformly  restored  fi'om  a  state 
of  insensibility  and  want  of  muscular  power  to  a  condition  of  comparative 
activity ;  their  temperature  rose,  their  muscular  power  returned,  they  flew 
about  the  room  and  took  food  when  it  was  presented  to  them ;  and  if  the 
artificial  assistance  was  sufficiently  prolonged,  and  they  were  not  again 
subjected  to  tlie  starving  process,  most  of  them  recovered.  If  they  were 
left  to  themselves  too  early,  however,  the  digestive  process  was  not  per- 
formed, and  they  ultimately  died.  Up  to  the  time  when  they  began  to 
take  food,  their  weight  continued  to  diminish ;  the  secretions  being  re- 
newed, under  the  influence  of  artificial  heat,  sometimes  to  a  considerable 
amount.  It  was  not  until  digestion  had  actually  taken  place  (which, 
owing  to  the  weakened  functional  power,  was  commonly  many  hours 
subsequently  to  the  ingestion  of  the  food),  that  the  animal  regained  its 
power  of  generating  heat;  so  that,  if  the  external  source  of  heat  was  with- 
drawn, the  body  at  once  cooled :  and  it  was  not  until  the  quantity  of  food 
actually  digested  was  sufficient  to  support  the  wants  of  the  body,  that  its 
independent  power  of  calorification  returned.  It  is  to  be  rememberea 
that,  in  such  cases,  the  resources  of  the  body  are  on  the  point  of  being 
coiTipletely  exhausted,  when  the  attempt  at  re-animation  is  made;  con- 
sequently it  has  nothing  whatever  to  fall  back  upon;  and  the  leaving  i 
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to  itself  at  any  time  until  fresh  resources  have  been  provided  for  it,  is 
consequently  as  certain  a  cause  of  death,  as  it  would  have  been  in  the  first 
instance. 

659.  It  can  scarcely  be  questioned^  from  the  similarity  of  the  pheno- 
mena, that  Inanitiation,  with  its  consequent  depression  of  temperature,  is 
the  immediate  cause  of  death  in  various  diseases  of  Exhaustion :  and  it 
seems  probable  that  there  are  many  cases,  in  which  the  depressing  cause 
is  of  a  temporary  nature,  and  in  which  a  judicious  and  timely  application 
of  artificial  heat  might  prolong  life  until  it  has  passed  off,  just  as  artificial 
respiration  is  serviceable  in  cases  of  narcotic  poisoning  (§  208).  It  is 
especially,  perhaps,  in  those  forms  of  Fever,  in  which  no  decided  lesion 
can  be  discovered  after  death,  that  this  view  has  the  strongest  claim  to 
reception ;  and  the  beneficial  result  of  the  administration  of  Alcohol  in 
such  conditions,  and  the  large  amount  in  which  it  may  be  given  with 
impunity,  may  probably  be  accounted  for  on  this  principle.  That  it  acts 
as  a  specific  stimulus  to  the  nervous  system,  cannot  be  doubted  from  its 
effects  on  the  healthy  body ;  but  that  it  serves  as  a  fuel  to  keep  up  the 
calorifying  process,  appears  equally  certain.  Its  great  efficacy  in  such 
cases  seems  to  depend  upon  the  readiness  with  which  it  will  be  taken  into 
the  circulation,  by  a  simple  act  of  endosmotic  imbibition,  when  the  special 
Absorbent  process,  dependent  upon  the  peculiar  powers  of  the  cells  of  the 
viUi  (§  461),  are  in  abeyance.  There  is  no  other  combustible  fluid,  whose 
miscibility  and  whose  density,  relatively  to  that  of  the  Blood,  will  permit 
of  its  rapid  absorption  by  the  simple  physical  process  adverted-to.* 

660.  That  the  oxidation  of  certain  components  of  the  food  or  of  the 
tissues  is  the  fundamental  source  of  Animal  Heat,  is  fui'ther  indicated  by 
the  close  conformity  which  we  everywhere  find  between  the  activity  of 
the  Respiratory  process  and  the  amount  of  Heat  which  is  generated;  and. 
this  not  merely  when  we  compare  different  tribes  of  animals  w^ith  each 
other,  but  also  when  we  compare  the  amount  of  oxygen  absorbed  and  of 
carbojiic  acid  exhaled  by  the  same  individuals  under  different  degrees  of 
external  temperatm-e  (§  564,  a).  For  we  find  that  the  system  possesses 
witliin  itself  a  regulating  power,  by  which  the  combustive  process  is  aug- 
mented in  activity  when  the  cooling  influence  of  the  surrounding  medium 
is  considerable,  so  that  this  influence  is  resisted;  whilst  the  internal  fire 
(so  to  speak)  is  slackened,  whenever  the  temperature  of  the  outer  air  rises 
so  much,  as  to  render  the  same  generation  of  heat  no  longer  requisite. 
The  appetite  for  food,  and  especially  for  those  particular  forms  of  it  which 
best  afford  the  combustive  pabulum,  varies  in  the  same  degree;  and  thus, 
when  supplied  with  appropriate  nutriment,  Man  is  able  to  brave  the 
severest  cold,  without  suffering  any  considerable  depression  in  his  bodily 
temperature. — It  would  seem  that  the  Cutaneous  Respiration,  small  as  it 
is,  promotes  those  molecular  changes  on  which  the  maintenance  of  Animal 
Heat  depends ;  for  it  was  found  by  MM.  Becquerel  and  Breschet,t  that 
when  the  hair  of  Rabbits  was  shaved  off",  and  a  composition  of  glue,  suet, 
and  resin  (forming  a  coating  impermeable  to  the  air)  was  applied  to  the 

*  The  Author  has  stated  the  very  striking  results  of  observations  which  he  has  had  the 
opportunity  of  mailing  upon  this  point,  in  his  Prize  Essay  "  On  the  Use  and  Abuse  of 
Alcoholic  Liquors,"  $  215. 

+  "Comptes  Rcndus,"  Oct.,  1841.  These  experiments  have  been  repeated  and  confirmed 
by.Magendie  ("Gazette  Medicale,"  Dec.  6,  1043). 
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whole  surface,  the  temperature  rapidly  fell,  notwithstanding  the  obstacle 
thus  offered  to  the  evaporation  of  the  sweat,  whereby,  it  might  be  sup- 
posed, the  temperature  of  the  body  would  be  considerably  elevated.  In 
the  first  rabbit,  which  had  a  temperature  of  100°  before  being  shaved  and 
plastered,  it  had  fallen  to  89^°  by  the  time  the  material  spread  over  him 
was  dry.  An  hour  after,  the  thermometer  placed  in  the  same  parts  (the 
muscles  of  the  thigh  and  chest)  had  descended  to  76°.  In  another  i-abbit, 
prepared  with  more  care,  by  the  time  that  the  plaster  was  diy,  the  tem- 
peratm-e  of  the  body  was  not  more  than  5^°  above  that  of  the  surrounding 
medium,  which  was  at  that  time  69^°;  and  in  an  hour  after  this,  the 
animal  died. — These  experiments  place  in  a  veiy  striking  point  of  view 
the  impoi-tance  of  the  cutaneous  surface  as  a  respiratory  organ,  even  in 
the  higher  animals;  and  they  enable  us  to  understand  how,  when  the 
secreting  power  of  the  lungs  is  nearly  destroyed  by  disease,  the  heat  of  the 
body  is  kept  up  to  its  natm-al  standard  by  the  action  of  the  Skin.  A 
valuable  therapeutic  indication,  also,  is  derivable  from  the  knowledge 
which  we  thus  gain,  of  the  importance  of  the  cutaneous  respiration ;  for 
it  leads  us  to  perceive  the  desirableness  of  keeping  the  skin  moist,  in  those 
febrile  diseases  in  which  there  is  gi'eat  heat  and  dryness  of  the  surface, 
since  secretion  cannot  propei'ly  take  place  tkrough  a  dry  membrane.  Of 
the  relief  afforded  by  cold  or  tepid  sponging  in  such  cases,  experience  has 
given  ample  evidence, 

661.  It  has  been  held  that  the  Chemical  theory  of  Calorification  is 
insufficient  to  account  for  the  total  amount  of  Heat  generated  by  a  wai-m- 
blooded  animal  in  a  given  time;  this  assertion  being  founded  upon  the 
experimental  residts  obtained  by  M.  Dulong.  It  has  been  shown  by  Prof. 
Liebig,  however,  that  the  estimates  originally  made  reqmre  correction  for 
the  true  calorific  equivalents  of  carbon  and  hydrogen ;  and  that,  this  cor- 
rection having  been  made,  the  heat  produced  by  the  combustion  of  the 
Carbon  which  is  contained  in  the  carbonic  acid  expired,  and  by  the  com- 
bustion of  such  a  propoi'tion  of  the  Hydi-ogen  contained  in  the  exhaled 
water  as  may  be  fairly  considered  to  have  undergone  oxygenation  wathiu 
the  system  (§  569),  proves  to  be  adequate  to  compensate  for  that  which 
would  be  dissipated  by  the  evaporation  of  all  the  water  transpired  from  the 
skin  and  lungs,  and  also  to  maintain  the  temperature  of  the  body  itself  m 
an  atmosphere  of  ordinary  coolness.*  And  to  the  combustion-heat  of  carbon 
and  hydi'ogen,  we  should  also  add  that  of  those  relatively-minute  quanti- 
ties of  Phosphorus  and  Sulphur,  which  also  undergo  oxidation  within  the 
system,  whereby  a  small  additional  amount  of  heat  must  be  generated. 
Through  whatever  diversity  of  combinations  or  successive  stages  of  oxida- 
tion these  elements  respectively  pass,  in  their  progi'ess  to  complete  or  final 
oxidation,  it  may  be  regarded  as  an  indisputable  fact,  that  the!/  give  out 
precisely  the  same  amount  of  heat  in  the  xvhole,  as  if  they  had  undergone 
the  most  rapid  combust io7i  in  p)ure  oxygen;  and  thus  we  may  look  to 
almost  every  molecular  change  in  the  body,  although  pre  •emmently  to 
those  which  are  concerned  in  the  disintegration  of  its  textiu-es  and  in  the 
elimination  of  their  products  by  Respiration,  as  participating  m  the 
function  of  Calorification. 

662.  It  cannot  be  denied,  however,  that  there  are  certain  phenomena 


*  See  P.  of  Liebig 's  "  Animal  Cliemistry,"  3rd  edit.,  p.  41. 
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whicli  seem  at  first  sight  to  be  completely  opposed  to  this  doctrine,  and 
which  can  scarcely  be  explained  in  accordance  with  it,  save  by  a  con- 
siderable modification  in  oiu*  usual  ideas.  The  class  of  facts  to  which 
reference  is  here  made,  are  those  which  indicate  that  the  Nervous  system 
has  a  very  important  concern  in  the  process,  and  that  it  is,  in  fact,  one  of 
the  immediate  instraments  in  the  development  of  heat.  Thus  it  was 
experimentally  shown  by  Sh-  B.  Brodie,*  that  when  the  Brain  is  cut-off 
from  the  spinal  cord,  or  its  functions  are  suspended  by  the  agency  of  a 
nai'cotic,  and  artificial  respiration  is  practised,  so  that  the  circulation  is 
maintained,  the  body  not  only  loses  heat  rapidly,  but  may  even  cool  mo7'e 
rapidly  than  the  body  of  an  animal  similarly  treated,  but  in  which  arti- 
ficial respiration  is  not  performed.  Now  it  is  certainly  true,  as  was  subse- 
quently pointed-out  by  Drs.  Wilson  Philip  and  Hastings,t  and  by  Dr.  C. 
WilUamSjJ  that  the  effect  of  the  artificial  performance  of  respiration 
depends  in  some  degree  upon  the  mode  in  which  it  is  accomplished ;  for 
that  if,  as  in  most  of  Su*  B.  Brodie's  experiments,  the  insufflation  be 
repeated  30  times  or  more  in  a  minute,  the  cooling  effect  of  the  air  thus 
introduced  is  greater  than  the  warming  effect  of  the  imperfect  respiratory 
change  to  which  it  becomes  subservient;  whilst  if  the  insufflation  be 
repeated  only  12  times  in  a  minute,  the  cooling  of  the  body,  as  compared 
with  that  of  a  body  in  which  the  circulation  is  not  thus  maintained,  is 
retarded,  instead  of  being  accelerated.  But  still  it  is  evident  from  Sir 
B.  Brodie's  experiments,  that  the  withdrawal  of  the  influence  of  the 
Encephalon  has  a  positively  depressing  effect  upon  the  Calorific  function; 
for  the  rapid  fall  of  temperature  took  place  even  in  cases  in  which  the 
amount  of  carbonic  acid  exhaled  during  the  performance  of  artificial 
respiration,  w'as  fully  equal  to  the  normal  quantity;  and  the  subsequent 
experiments  of  MM.  Le  Gallois§  and  G!hossat||  are  decidedly  con- 
firmatory of  this  conclusion,  whilst  they  extend  it  to  other  lesions  of 
the  Nervous  centres,  the  influence  of  which  upon  the  calorific  function 
appears  to  be  proportional  to  their  severity. — Various  pathological  phe- 
nomena, moreover,  indicate  that  the  withdi'awal  of  nervous  influence  from 
any  part  of  the  body  usually  tends  to  produce  a  depression  of  its  tem- 
perature, and  this  especially  in  the  extremities ;  thus  Mr.  H.  Earle  IT  found 
the  temperature  of  paralysed  limbs  slightly  lower  than  that  of  sound 
limbs ;  so  Prof  Dunglison  has  noticed  that  in  one  case  of  hemiplegia  of 
five  months' standing,  the  temperature  of  the  axilla  was  96^°  on  the  sound 
side,  and  96°  on  the  paralysed,  whilst  that  of  the  hand  was  87°  on  the 
sound  side  and  only  79^°  on  the  paralysed;  and  in  another  case  of  only  a 
fortnight's  duration,  the  temperature  of  the  axilla  was  1 00°  on  the  sound 
side,  and  only  98^°  on  the  paralysed,  whilst  that  of  the  hand  was  94°  on 
the  sound  side,  and  90°  on  the  paralysed.** — But  it  is  a  remarkable  fact, 
that  the  disturbance  of  temperature  produced  by  severe  injuries  of  the 

•  "  Philosophical  Transactions,"  1811,  1812  ;  and  "  Physiological  Researches." 
+  See  Dr.  Wilson  Philip's  "  Experimental  Enquiry  into  the  Laws  of  the  Vital  Functions," 
3rd  edit.,  p.  180. 

X  "  Ediiib.  Med.-Chir.  Trans."  vol.  ii.  p.  1.02. 

$  "Annalcs  de  Chimie,"  1817  ;  and  "  (Euvres  de  M.  Le  Gallois,"  torn.  i1. 
II  "Memoire  sur  Tlnfluence  de  Syst^me  Ncrveux  sur  la  Chaleur  Aniinale." 
H  "  Medico-Chirurgical  Transactions,"  vol.  vii. 
■  •*  "  Human  Physiology,"  7th  edit,,  vol.  ii.  p.  238. 


648 


EVOLUTION  OF  HEAT,  LIGHT,  AND  ELfiUTRICITY. 


Nervous  system,  occasionally  shows  itself  in  the  opposite  direction.  Thus 
it  has  been  noticed  by  many  experimenters,  that  one  of  the  first  eflFects  of 
division  of  the  spinal  cord  in  the  back,  in  warm-blooded  animals,  is  to  raise 
the  temperature  of  the  posterior  part  of  the  body,  this  elevation  continu- 
ing for  some  hours.  A  case  is  recorded  by  Sir  B.  Brodie,  in  which,  the 
spinal  cord  having  been  so  seriously  injured  in  the  lower  part  of  the  cer- 
vical region  that  the  whole  of  the  nerves  passing-off  below  were  com- 
pletely paralysed,  the  heat  of  the  body,  as  shown  by  a  thermometer  placed 
on  the  inside  of  the  groin,  was  not  less  than  111°;  and  this  notwithstand- 
ing that  the  respiratory  function  was  very  imperfectly  performed,  the 
number  of  inspirations  being  considerably  reduced,  and  the  countenance 
being  livid.*  And  Prof.  Dunglison  states  that,  notwithstanding  the  usual 
depression  of  the  thermometer  on  the  hemiplegia  side,  it  is  not  unfre- 
quently  found  to  be  more  elevated  than  on  the  sound  side.t  According 
to  the  recent  experiments  of  M.  CI.  Bernard  |  it  appears  that  an  elevation 
of  temperatm-e  constantl}'-  takes  place  on  one  side  of  the  face,  when  the 
trunk  which  unites  the  Sympathetic  ganglia  of  the  neck  on  that  side  is 
cut  through ;  this  increase  being  not  only  perceptible  to  the  touch,  but 
showing  itself  by  a  thermometer  introduced  into  the  nostrils  or  ears, 
even  to  the  extent  of  from  7°  to  11°  Fahr.  When  the  superior  cervical 
ganglion  is  removed,  the  same  effect  is  produced,  but  with  yet  greater 
intensity.  This  difference  is  maintained  for  many  months,  and  is  not 
connected  with  the  occurrence  of  inflammation,  congestion,  oedema,  or 
any  other  pathological  change  in  the  part;  moreover  it  is  not  prevented 
from  manifesting  itself  by  the  division  of  any  of  the  cerebro-sj)inal  nerves 
of  the  face.  It  is  remarkable  that  the  sensibility  of  the  parts  thus  affected 
should  be  no  less  augmented  than  their  temperatui-e. 

663.  The  influence  which  conditions  of  the  Nervotis  System  ai'e  thus 
.shown  to  possess  over  the  function  of  Calorification,  has  led  some  Physio- 
logists and  even  Chemists  to  the  conclusion  that  the  production  of  Heat 
is  essentially  dej^endent  upon  Nervous  agency,  of  which  it  is  one  of  the 
manifestations.  But,  as  Prof.  Liebig  justly  observes,  "if  this  view  exclude 
chemical  action,  or  changes  in  the  iu-rangement  of  the  elementary  pai- 
ticles,  as  a  condition  of  nervous  agency,  it  means  nothing  else  than  to 
derive  the  presence  of  motion,  the  manifestation  of  force,  from  nothing. 
But  no  force,  no  power,  can  come  of  nothing. "§  That  the  j)roduction  of 
heat  in  living  bodies  may  take  place  without  any  possible  assistance  fi'om 
Nervous  agency,  is  manifest  from  the  phenomena  of  Vegetable  heat 
already  referred-to  (§  655) ;  and  there  can  be  no  reasonable  doubt,  that 
the  source  of  this  production  is  a  true  combustive  process.  And  the 
evidence  afforded  by  the  post-mortem  production  of  heat  in  the  Human 
subject  (§  652)  conclusively  points  to  the  same  result;  more  pai-ticularly 
as  the  elevation  of  temperature  observed  in  the  brain  was  uniformly  less 
than  that  which  was  manifested  in  other  large  organs. — But  the  pheno- 
mena just  enumerated  (and  many  others  that  might  be  cited)  can  scarcely 
be  accounted-for,  without  admitting  that  the  Nervous  system  exerts  an 

*  "Medical  Gazette,"  June,  1836  ;  and  "  Physiological  Researches,"  p.  121. 
+  "  Anier.  Med.  Intelligencer,"  Oct.  18,  1838. 
J  "  Gazette  M6dicale,"  Fevr.  21,  1852. 
§  "Animal  Chemistry,"  3rd  edit.,  p.  39. 
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important  modityiug  power  upon  the  temperature  of  the  body,  which 
may  be  eitlier  elevated  or  depressed  through  its  agency ;  and  the  question 
now  arises,  whether  this  operation  takes  place  through  the  influence  which 
the  "Nervous  system  exerts  over  the  molecular  processes  of  Nutrition, 
Secretion,  &g.,  or  through  some  more  direct  method.  It  can  scarcely  be 
denied  that  the  first  of  these  channels  affords  not  merely  a  possible,  but 
also  a  probable  means,  for  the  exercise  of  such  influence ;  but  still  it  is 
lifticult  to  conceive  that  any  great  effect  can  be  thus  produced,  since,  as 
already  shown,  it  is  not  so  much  in  the  growth  as  in  the  disintegra- 
lion  of  textures,  that  heat  is  produced  by  the  oxidation  of  their  compo- 
nents. On  the  other  hand,  from  the  close  relation  which  has  been  shown  to 
exist  between  the  Vital  and  Physical  forces  (chap,  hi..  Sect.  2),  it  can 
scarcely  be  regai-ded  as  improbable  that  the  Nervous  force,  generated  by- 
molecular  changes  in  the  Nervous  substance,  may  manifest  itself  under 
the  form  of  Heat,  just  as  we  know  that  it  manifests  itself  (as  in  the 
Electi'ic  fishes)  under  that  of  Electricity.'^  And  thus  it  is  quite  conceiv- 
able that  one  mode  in  which  alimentary  materials  may  be  applied  to  the 
maintenance  of  Animal  Heat,  may  consist  in  their  subservience  to  these 
molecular  changes,  which  seem  to  take  place  in  the  Nervous  substance 
with  moi'e  activity  than  in  any  (^ther  tissue ;  and  thus  a  large  measure  of 
caloric  may  be  generated  through  the  immediate  instrumentality  of  the 
Nervous  system,  notwithstanding  that  the  ultimate  source  of  its  develop- 
ment lies  (as  in  the  Chemical  theory)  in  the  oxidation  of  the  elements  of 
the  food. — Such  an  hypothesis  will  be  found  consistent,  the  Author  be- 
lieves, Avith  all  the  well-ascertained  facts  of  the  case ;  for  whilst  it  assigns 
their  full  value  to  all  those  proofs,  which  establish  (in  his  mind)  the 
necessary  dependence  of  Calorification  upon  the  changes  to  which  the 
Respiration  is  subseiwient,  and  thus  upon  the  supply  of  combustive  ma- 
terial on  the  one  hand  and  of  oxygen  on  the  other,  it  also  assigns  a 
definite  modus  operandi  to  the  Nervous  system,  as  an  instrument  largely 
concerned  in  the  production  and  distribution  of  the  heat  thus  generated, 
— this  medics  operandi,  moreover,  being  in  such  complete  harmony  with 
the  other  manifestations  of  Nervous  power,  that  its  existence  might 
almost  have  been  predicated  upon  general  considerations. t 

664.  We  have  now  to  inquire  whether  the  power  of  generating  Heat  is 
possessed  by  the  Human  subject  in  an  equal  degree  at  all  ages  j  this  ques- 
tion being  very  different  from  that  of  the  usual  temperature  of  the  body 
at  the  various  periods  of  life;  since  an  individual  who  can  maintain  a 
high  temperature  when  the  surrounding  air  is  moderately  wai-m,  may 
have  veiy  little  power  of  bearing  continued  exposure  to  severe  cold. 
Important  analogical  evidence  on  this  point  has  been  supplied  by  the 
experiments  of  Dr.  W,  F.  Edwards  upon  the  lower  Mammalia,  Birds,  &c.J 
It  appears  from  these  to  be  a  general  fact  that,  the  younger  the  animal,  the 
less  is  its  independent  calorifying  power.  The  development  of  the  embryo 
of  oviparous  animals  is  entirely  dependent  upon  the  amount  of  external 
wai-mth  supplied  to  it ;  and  there  are  many  kinds  of  Birds,  which,  at  the 

*  See  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  §§  635-6'39. 

+  See  the  Author's  Memoir  '  On  the  Mutual  Relations  of  the  Vital  and  Physical  Forces  ' 
in"Phil.  Trans.,"  1850.  ' 
•  +  "On  the  Influence  of  Physical  Agents  on  Life,"  Part  iii.  Chap.  i. 
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time  they  issue  from  the  egg,  are  so  deficient  in  the  power  of  genemting 
heat,  that  their  temperatiu-e  rapidly  falls  when  they  are  removed  from  the 
nest  and  placed  in  a  cold  atmosphere.  It  was  shown  by  collateral  experi- 
ments, that  the  loss  of  heat  was  not  to  be  attributed  to  the  absence  of 
feathers,  nor  to  the  extent  of  surface  exposed  in  comparison  with  the  bulk 
of  the  body ;  and  that  nothing  but  an  absolute  deficiency  in  the  power  of 
generating  it,  would  account  for  the  fall  of  temperatm-e.  This  is  quite 
conformable  to  facts  well  ascertained  in  regard  to  Mammalia.  The  foetus, 
during  intra-uterine  life,  has  Uttle  power  of  keeping  up  its  own  tempera- 
ture; and  in  many  cases  it  is  much  dependent  on  external  warmth,  for 
some  time  after  bu-th.  The  degree  of  this  dependence,  however,  differs 
greatly  in  the  various  species  of  Mammalia,  as  among  Birds;  being  less, 
in  proportion  as  the  general  development  is  advanced.  Thus,  young 
Guinea-pigs,  which  can  run  about  and  pick  up  food  for  themselves,  almost 
as  soon  as  they  are  born,  are  from  the  first  independent  of  parental 
warmth ;  whilst  on  the  other  hand,  the  young  of  Dogs,  Cats,  Rabbits,  &c., 
which  are  born  blind,  and  which  do  not,  for  a  fortnight  or  more,  acquire 
the  same  development  with  the  preceding,  rapidly  lose  their  heat  when 
withdrawn  from  contact  with  the  body  of  the  mother. — In  the  Human 
species,  it  is  well  known  that  external  warmth  is  necessary  for  the  Infant, 
its  body  rapidly  losing  heat  when  exposed  to  the  chilling  influence  of  a 
low  temperature ;  but  the  fact  is  too  often  neglected  (under  the  eiToneous 
idea  of  hardening  the  constitution)  dxiring  the  early  years  of  childhood. 
It  is  to  be  carefully  remembered,  that  the  development  of  Man  is  slower 
than  that  of  any  other  animal,  and  that  his  calorifying  power  is  closely 
connected  with  his  general  bodily  vigour;  and  though  the  infant  becomes 
more  independent  of  it  as  development  advances,  it  is  many  years  before 
the  standard  can  be  maintained  without  assistance,  throughout  the  ordi- 
nary vicissitudes  of  extei-nal  temperature.  Especial  care  is  required  with 
regard  to  tlie  maintenance  of  the  bodily  heat  by  artificial  warmth,  in  the 
case  of  childi'en  prematurely  born ;  for  the  earlier  the  period  of  embiyonic 
life,  the  less  is  the  power  of  calorification  that  exists  for  some  time  after 
birth.  The  temperature  of  a  seven  months'  child,  though  well  swathed 
and  neai"  a  good  fii-e,  was  found  by  Dr.  W.  Edwards,  within  two  or  three 
hours  aft.er  its  birth,  to  be  no  more  than  89-6°.  And  in  some  of  the 
recorded  instances  in  which  the  birth  has  taken  place  before  the  comple- 
tion of  the  sixth  month,  it  has  not  been  found  possible  to  maintain  the 
warmth  of  the  infant  by  exposure  to  the  radiant  heat  of  a  fire,  the  contact 
of  tlie  warm  body  of  another  person  being  the  only  effectual  means  of 
keeping-up  its  temperature. — The  fullest  measure  of  calorifying  power  is 
possessed  by  adults;  but  even  in  them  it  is  sometimes  weakened  by  pre- 
vious exertion,  so  that  death  by  the  cooling  of  the  body  may  occur  wheu 
the  body  is  exposed  to  cold  of  no  great  intensity,  but  in  a  state  of  exhaus- 
tion of  nervous  power;  a  fact  which  remarkably  confirms  the  views 
advanced  in  the  preceding  paragi-aph.  A  decrease  of  calorifying  power 
takes  place  in  advanced  age.  Old  people  complain  that  their  "  blood  is 
chill;"  and  they  suffer  gi'eatly  from  exposure  to  cold,  the  temperature  of 
the  whole  body  being  lowered  by  it. — These  facts  have  a  very  interesting 
connection  with  the  results  of  statistical  inquiries,  as  to  the  aveiti^e 
number  of  deaths  at  different  seasons;  the  following  are  recorded  by  M. 
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Quetelet,*  as  occurriug  at  Brussels,  the  mean  mouthly  mortality  at  each 
age  being  reckoned  as  100. 


First 

2 — 3 

8 — 12 

25 — 30 

50 — 05 

90  Years 

ilAUU  til  • 

Years. 

Years  • 

Yenrs, 

and.  above. 

January         •  • 

1-39 

1-22 

1-08 

1-05 

1-30 

1-58 

F'phrnarv  ... 

1-28 

M3 

1-06 

1-04 

1-22 

1-48 

ITXtll  L  LI       •                •  • 

1-21 

1-30 

1-27 

1-11 

Ml 

1-25 

A  r>n  1 

ii.  1 J 1 1 1             ■           «  • 

1'02 

1-27 

1-34 

1-06 

1-02 

0-96 

May 

0-9.3 

1-12 

1-21 

1-02 

0-93 

0-84 

June 

0-83 

0-94 

0-99 

1-02 

0-85 

0-75 

July 

0-78 

0-82 

0-88 

0-91 

0-77 

0-64 

August 

0-79 

0-73 

0-82 

0-96 

0-85 

0-66 

September 

0-86 

0-76 

0-81 

0-95 

0-89 

0-76 

October 

0-91 

0-78 

0-76 

0-93 

0-90 

0-74 

November 

0-93 

0-91 

0-80 

0-97 

1-00 

1-03 

December  . 

1-07 

1-01 

0-96 

0-97 

J-15 

1-29 

We  see  from  this  table  that,  during  the  first  months  of  infant  life,  the 
external  temperature  has  a  very  marked  influence ;  for  the  average  mor- 
tality during  each  of  the  three  summer  months  being  80,  that  of  January 
is  nearly  140,  and  the  average  of  February  and  March  is  125.  This  is 
confirmed  by  the  result  obtained  by  MM.  Villerme  and  Milne-Edwards  in 
then-  researches  on  the  mortality  of  the  children  conveyed  to  the  Found- 
ling Hospitals  in  the  different  towns  in  France;  for  they  not  only  ascer- 
tained that  the  mortality  is  much  the  greatest  during  the  first  three 
months  in  the  year,  but  also  that  it  varies  in  different  parts  of  the  king- 
dom, according  to  the  relative  severity  of  the  winter,  t  As  childhood 
advances,  however,  the  winter  mortality  diminishes,  whilst  that  of  the 
spring  undei'goes  an  increase;  this  is  probably  due  to  the  greater  pre- 
valence of  certain  epidemics  at  the  latter  season ;  for  the  same  condition 
is  obsei'ved,  in  a  still  more  remarkable  degree,  between  the  ages  of  8  and 
12  years, — the  time  when  children  are  most  severely  affected  by  such 
epidemics.  As  the  constitution  acquires  greater  vigour,  and  the  bodily 
stmcture  attains  its  full  development,  the  influence  of  the  season  upon 
mortality  becomes  less  apparent;  so  that  at  the  age  of  from  25  to  30 
years,  the  difference  between  the  summer  and  winter  mortality  is  very 
slight.  This  difference  reappears,  however,  in  a  very  marked  degree,  at  a 
later  period,  when  the  general  vigour,  and  the  calorifying  power,  undergo 
a  gi'adual  diminution.  Between  the  ages  of  50  and  65  it  is  nearly  as 
great  as  in  early  infancy ;  and  it  gradually  becomes  more  striking,  imtil, 
at  the  age  of  90  and  upwards,  the  deaths  in  January  are  158,  for  every 
74  in  Jidy  (a  proportion  of  2^  to  1);  and  the  average  of  the  three  winter 
months  is  145,  whilst  that  of  the  three  summer  months  is  only  68,  or  less 
than  one-half — The  results  of  the  comparisons  which  have  now  been 


•  "  Essai  de  Physique  Sociale,"  tom.  i.  p.  197. 

t  Dr,  Emerson  has  shown  that,  in  the  Southern  and  Middle  States  of  North  America,  the 
high  summer  temperature  is  the  greatest  cause  of  infant  mortality ;  the  proportion  of  deaths 
during  the  first  year  of  childhood,  occurring  in  the  months  of  June,  July,  and  August,  being 
about  four  times  greater  than  that  occurring  during  the  same  months  in  any  subsequent  year 
up  to  the  age  of  20.  The  winter  mortality  under  the  second  year  scarcely  exceeds  the 
average  of  subsequent  years.    ("  Amer.  Journ.  of  Med.  Sci.,"  Nov.,  1831 ). 
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carried-out  for  many  successive  years,  iu  the  Reports  of  the  Registrar 
General,  between  the  variations  in  the  weekly  rate  of  mortality  in  the 
Metropolis  and  the  range  of  atmospheric  temperature,  present  a  close 
coincidence  with  the  foregoing :  it  being  especially  to  be  noted,  that  the 
rate  of  mortality  (save  during  the  prevalence  of  any  fatal  epidemic)  is 
almost  invariably  the  highest  during  the  winter  months ;  that  the  in- 
crease of  deaths  at  that  period  is  most  marked  amongst  children  and  old 
people;  and  that  any  extraordinary  severity  of  winter  cold  constantly 
produces  a  great  augmentation  in  the  mortahty,  the  weekly  number  of 
deaths  rising  from  the  average  of  1000  (or  thereabouts)  to  1200,  when  the 
mean  temperatiu'e  of  the  twenty-four  hoiirs  falls  a  degree  or  two  lower 
than  the  freezing-point. 

665.  Having  thus  considered  the  means  by  which  the  degi'ee  of  Heat 
necessary  for  the  performance  of  the  functions  of  the  Human  system  is 
generated,  we  have  to  inquire  how  its  temperature  is  prevented  from 
being  raised  too  high ;  iu  other  words,  what  frigorifying  means  there  are, 
to  counterbalance  the  influence  of  causes,  which  in  excess  would  otherwise 
be  fatal,  by  raising  the  heat  of  the  body  to  an  undue  degree  (§  654). 
How  is  it,  for  example,  that,  when  a  person  enters  a  I'oom  whose  atmo- 
sphere is  heated  to  one  or  two  hundred  degrees  above  his  body,  the  latter 
does  not  partake  of  the  elevation,  even  though  exposed  to  the  heat  for 
some  time  ?    Or,  since  the  inhabitants  of  a  climate,  where  the  thermo- 
meter averages  1 00°  for  many  weeks  together,  are  continually  generating 
additional  heat  in  their  own  bodies,  how  is  it  that  this  does  not  accumu- 
late, and  raise  them  to  an  undue  elevation  ? — The  means  provided  by 
Nature  for  cooling  the  body  when  necessary,  are  of  the  simplest  possible 
character.    From  the  whole  of  its  soft  moist  surface,  simple  JSvajjoratmi 
will  take  place  at  all  times,  as  from  an  inorganic  body  in  the  same  cu-- 
cumstances ;  and  the  amount  of  this  will  be  regulated  merely  by  the 
condition  of  the  atmosphere,  as  to  warmth  and  dryness.    The  more  readily 
watery  vapour  can  be  dissolved  in  atmospheric  air,  the  more  will  be  lost 
from  the  surface  of  the  body  in  this  manner.    In  cold  weather,  very  little 
is  thus  carried  off,  even  though  the  air  be  dry :  and  a  warm  atmosphere, 
already  charged  with  dampness,  will  be  nearly  as  ineffectual.    But  simple 
evaporation  is  not  the  chief  means  by  which  the  temperature  of  the  body 
is  regulated.    The  Skin,  as  already  mentioned  (§  646),  contains  a  large 
number  of  glandulse,  the  office  of  which  is  to  secrete  an  aqueous  fluid; 
and  the  amount  of  this  Exhalation  appears  to  depend  solely  or  chiefly 
u]Don  the  temjjerature  of  the  surrounding  air.    Thus,  when  the  external 
heat  is  very  gi'eat,  a  considerable  amount  of  fluid  is  transuded  from  the 
skin;  and  this,  in  evaporating,  carries  off  a  large  quantity  of  the  free 
caloric,  which  would  otherwise  raise  the  temperatm-e  of  the  body.    If  the 
atmosphere  be  hot  and  dry,  and  also  be  in  motion,  both  exhalation  and 
evaporation  go  on  with  great  rapidity.    If  it  be  cold,  both  ai'e  checked, 
the  former  almost  entirely  so ;  but,  if  it  be  dry,  some  evajjoration  still  con- 
tinues.  On  the  other  hand,  in  a  hot  atmosphere,  saturated  with  moisture, 
exhalation  continues,  though  evaporation  is  almost  entirely  checked ;  and 
the  fluid  poured  out  by  the  exhalant  glands  accumulates  on  the  skin. 
There  is  reason  to  believe  that  the  secretion  continues,  even  wlien  the 
body  is  immersed  in  water,  pi-ovided  its  temperature  be  high. — We  learn 
fi'om  these  facts  the  great  importance  of  not  suddenly'  checking  Exhala- 
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tion,  bj  exposure  of  the  surface  to  cold,  when  the  secretion  is  being 
actively  performed;  since  a  great  disturbance  of  the  circulation  will  be 
likely  to  ensue,  similar  to  that  which  has  been  already  mentioned,  as 
occurring  when  other  important  secretions  are  suddenly  suspended. 

3.  Evolution  of  Light. 

666.  Although  the  evolution  of  Light  from  the  Hving  Human  subject 
IS  an  exceptional  phenomenon,  which  has  only  been  observed  in  morbid 
states  of  the  body,  yet  its  occasional  occurrence  is  fraught  with  interest 
to  the  Physiologist,  on  the  one  hand  from  its  relation  to  the  Luminosity 
so  common  among  the  lower  animals,  and  on  the  other  from  the  indica- 
tions which  it  affords  of  the  possibility  of  the  formation,  even  during  life, 
of  peculiar  phosphuretted  compounds,  which,  being  products  of  incipient 
decomposition,  have  been  usually  supposed  to  be  generated  only  after 
death. — There  is  no  doubt  that  luminous  exhalations  frequently  ascend 
from  burial-grounds ;  and  that  the  superstitions  of  many  nations  respect- 
ing 'corpse-lights'  have  to  this  extent  a  foundation  in  fact.    A  very 
decided  luminosity  has  been  observed  to  proceed  from  dissecting-room 
subjects,  the  hght  thus  evolved  being  sufficient  to  render  the  forms  of 
the  bodies,  as  well  as  those  of  muscles  and  other  dissected  parts  (which 
are  peculiarly  bright),  almost  as  distinct  as  in  the  day  light.    That  this 
proceeds  from  the  production  of  a  peculiar  phosphorescent  compound, 
is  shown  by  the  fact,  that  the  luminosity  may  be  communicated  to  the 
fingers  or  to  towels,  &c.,  by  contact  with  the  luminous  surfaces.* — Dr. 
W.  Stokes  narrates  the  case  of  a  patient  who  was  under  his  observation, 
some  years  since,  in  the  Old  Meath  Hospital,  having  been  admitted  on 
account  of  an  enormous  cancer  in  her  breagt,  which  was  in  an  advanced 
stage  of  ulceration,  the  edges  being  irregular  and  everted;  every  part  of 
the  base  and  edges  of  this  cavity  was  strongly  phosphorescent,  the  light 
being  sufficient  to  enable  the  figures  on  a  watch-dial  to  be  distinguished 
within  a  few  inches;  and  here  also  it  appeared  that  the  luminosity  was 
due  to  a  particular  exudation  from  the  exposed  surface.    Three  cases  are 
recorded  by  Sir  H.  Marsh,  in  which  an  evolution  of  light  took  place  from 
the  living  body,  without  any  such  obvious  source  of  decomposition;  all 
the  subjects  of  these  cases,  however,  were  in  the  last  stage  of  phthisis;  and 
it  cannot  be  doubted  that  here,  as  in  other  diseases  of  exhaustion,  in- 
cipient disintegration  was  taking  place  during  the  later  periods  of  life 
(§  418).    The  light  in  each  case  is  described  as  playing  around  the  face, 
but  not  as  directly  proceeding  from  the  surface;  and  in  one  of  these 
instances,  which  was  recorded  by  Dr.  D.  Donovan,t  the  luminous  appear- 
ance was  not  only  perceptible  over  the  head  of  the  patient's  bed,  but 
luminous  vapours  passed  in  streams  through  the  apartment.    It  can 
scarcely  be  doubted  that  it  was  here  the  breath  which  contained  the 
luminous  compound,  more  especially  as  in  one  of  the  cases  it  was 
observed  to  have  a  very  peculiar  smell ;  and  the  probability  that  the 
luminosity  was  due  to  the  presence  of  phosphorus  in  progress  of  slow 

•  See  Sir  Herbert  Marsh  on  "  The  Evolution  of  Light  from  the  Living  Human  Subject" 
(Dublin,  1«42),  p.  20. — From  this  interesting  pamphlet,  most  of  the  statements  in  tliis 
paragraph  are  derived. 

+  "Dublin  Mcdiail  Press,"  Jan.  15,  1840. 
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oxidation,  is  greatly  increased  by  the  fact  already  referred-to  (§  570),  that 
the  injection  of  phosphuretted  oil  into  the  blood-vessels  gives  rise  to  a 
similar  appearance.  In  repeating  this  experiment.  Sir  H.  Marsh  states 
that  when  half  an  ounce  of  olive  oil,  holding  two  gi'ains  of  phosphorus 
in  solution,  was  injected  into  the  crural  vein  of  a  dog,  a  dense  white 
vapom*  began  to  issue  from  the  nostrils  even  before  the  syringe  was  com- 
pletely emptied,  which  became  faintly  luminous  on  the  removal  of  the 
lights:  and  the  injection  being  repeated  with  the  same  quantity,  the 
expiration  immediately  became  beautifully  luminous,  resembling  jets  of 
pale-coloured  flame  pouring  forth  from  the  nostrils  of  the  animal.  And 
the  luminosity  which  has  been  occasionally  obsei'ved  in  the  urine,*  may 
fairly  be  imputed  to  an  increase  in  the  quantity  of  unoxidized  phosphorus 
which  it  seems  normally  to  contain ;  its  liberation  taking  place  at  a  more 
rapid  rate  than  its  conversion  into  phosphoric  acid  (§  641),  either  through 
excessive  excretion  or  through  impeded  respiration.  A  case  has  beeu 
recorded  by  Raster  (loc.  cit.)  in  which  the  bod3^-linen  was  rendered  lumi- 
nous by  the  j)erspiration,  after  any  violent  exercise ;  and  here,  too,  the 
cause  may  be  presumed  to  have  been  the  same. — On  the  whole,  then,  we 
may  conclude  the  occasional  evolution  of  Light  from  the  Human  subject, 
to  be  the  consequence  (when  not  an  electrical  phenomenon)  of  the  pro- 
duction of  a  phosphorescent  compound  at  the  expense  of  the  disinte- 
grating tissues;  which  compound  passes  off  through  one  of  the  ordinary 
channels  of  excretion. 


4.  Evolution  of  Electricity. 

667.  When  the  vast  vai'iety  of  changes  of  condition  to  which  the 
components  of  the  living  body  are  subjected  dm-ing  the  performance  of 
its  vital  operations,  and  the  impossibility  of  the  occurrence  of  any  of 
these  without  some  disturbance  of  electric  equilibrium,t  are  duly  con- 
sidered, the  wonder  is,  not  that  such  disturbance  should  be  occasionally 
so  considerable  as  to  make  itself  apparent,  but  that  it  should  be  ordi- 
narily so  obsc\ire  as  only  to  be  detected  by  the  most  careful  search,  and 
with  the  assistance  of  the  most  delicate  instruments. — The  reseai'ches  of 
Prof  Matteucci,  M.  du  Bois-Keymond,  and  others,  however,  have  now 
made  it  apparent,  that  there  are  no  two  parts  of  the  body  (save  those 
which  coiTcspond  on  the  opposite  sides),  whose  electrical  condition  is 

*  "  Casper's  Wochenshrift,"  1849,  No.  15.— A  case  has  been  recently  put  on  record 
(Buchner's  Repert.  B.  viii,  p.  342),  in  which  the  urine  and  semen  of  a  patient  who  was  under 
treatment  for  impotence  and  spermatorrhoea,  and  who  was  employing  phosphorus  as  a  remedy 
both  internally  and  externally,  were  observed  to  be  luminous.  .  v  i,    i   .  • 

+  There  is  probably  no  instance  of  chemical  ufiioti  or  decomposition,  in  which  the  elcctnc 
condition  of  the  bodies  concerned  is  not  altered.  Simple  cJiange  of  form,  from  solid  to  liquid, 
or  from  liquid  to  gaseous,  is  attended  with  electric  disturbance ;  and  this  is  greatly  mcreasea 
when  any  separation  takes  place  between  substances  that  were  previously  united,  as  wlien 
water  containing  a  small  quantity  of  saline  matter  is  caused  to  evaporate  and  to  leave  it 
behind.  Heat,  again,  is  continually  generating  Electricity ;  for  not  only  is  a  c""^".'  ^  \ 
duced  by  the  heating  of  two  dissimilar  metals  in  contact,  but  also  by  the  unequal  hcatnig  oi 
two  parts  of  the  same  bar  ;  and  though  the  effect  is  most  striking  in  the  case  of  metals,  it  is 
by  no  means  limited  to  them.  And  so  constantly  is  Electricity  generated  by  the  retaraanon 
of  motion,  as  in  friction,  that  it  is  not  possible  to  rub  together  any  two  substances,  f^''=«P""8 
such  as  are  of  the  most  perfect  homogeneity  (such  as  the  fractured  surfaces  oi  a  broken  oar; 
without  the  production  of  electric  change,  as  well  as  of  heat. 
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precisely  the  same;  and  that  the  differences  between  them  are  greater  in 
proportion  to  the  diversity  of  the  vital  processes  which  are  taking  place 
u  them,  and  to  the  activity  with  which  these  are  being  carried  on. 
rhiis,  Donne  found  that  the  skin  and  most  of  the  internal  membranes 
are  m  opposite  electrical  states ;  and  Matteucci  observed  a  considerable 
deflection  of  the  needle  of  a  delicate  galvanometer,  when  the  liver  and 
stomach  of  a  rabbit  were  connected  with  its  platinum  electrodes.*  More 
recently,  Mr.  Baxter  has  found  that  if  one  of  the  electrodes  be  placed 
upon  any  part  of  the  intestinal  surface,  and  the  other  be  inserted  into  the 
branch  of  the  mesenteric  vein  proceeding  from  it,  a  decided  deflection  of 
the  needle  was  produced,  indicating  a  positive  condition  of  the  blood ; 
but  that  no  effect  was  produced  when  the  second  electrode  was  inserted 
into  the  artery  of  the  part,  instead  of  into  its  vein.  These  effects  were 
found  to  cease  after  the  death  of  the  animals;  and  could  not  be  attri- 
buted, therefore,  to  mere  chemical  differences  between  the  blood  and  the 
secreted  product;  but  must  have  arisen  from  electric  disturbance  taking 
place  in  the  very  act  of  secretion,  t — That  the  process  of  Nutrition,  as 
w^ell  as  of  Secretion,  in  parts  which  are  undergoing  rapid  molecular 
change,  gives  rise  to  electric  disturbance,  is  proved  by  the  experiments  of 
Matteucci  and  Du  Bois  Eeymond  upon  the  relative  electrical  states  of 
different  parts  of  muscles  and  nerves.  If  the  two  extremities  of  a 
muscle,  removed  from  the  body  of  an  animal  very  recently  killed,  be 
applied  to  the  two  electrodes  of  a  delicate  galvanometer,  there  is  usually 
some  deflection  of  the  needle ;  this  being  greater  in  proportion  to  the 
difference  in  the  an*angement  of  the  muscular  and  tendinous  elements  at 
the  two  extremities.  Although  the  direction  of  the  current  is  constant 
for  each  muscle,  yet  there  is  no  constant  relation  between  the  direction  of 
the  cmTents  and  the  position  of  the  muscleg  in  the  body;  thus  in  the 
gastrocnemius  of  the  Frog's  leg,  the  direction  is' from  the  foot  towards  the 
body,  whilst  in  the  sartorius  it  is  the  reverse.  Taking  all  the  muscles  of 
a  part  together,  however,  there  is  usually  such  a  want  of  balance  between 
the  opposite  currents,  that  a  constant  current  is  established  in  the  direc- 
tion of  the  strongest  and  most  numerous  of  the  separate  muscular  cur- 
rents; this,  in  the  Frog,  passes  uniformly  from  the  hind-feet  towards  the 
head,  and  was  at  one  time  supposed  to  be  peculiar  to  that  animal;  but  a 
similar  current  may  almost  always  be  detected  in  other  animals.  The 
musculai'  current  grows  feebler  and  feebler,  the  longer  the  muscle  has 
been  removed  from  the  body ;  it  is  affected  by  any  agents  which  tend  to 
lower  its  vitality,  and  becomes  extinct  as  soon  as  its  contractility  ceases. 
From  the  experiments  of  M.  du  Bois-Eeymond,  to  be  presently  described 
(§  670),  it  may  be  concluded  that  the  current  in  the  arm  of  Man,  when 
at  rest,  is  from  the  shoulder  towards  the  points  of  the  fingers. 

668.  The  conditions  of  the  'muscular  cm-rent'  have  been  made  the 
subject  of  special  investigation  by  M.  du  Bois-Reymond ;  and  the  follow- 
ing is  an  outline  of  the  results  at  which  he  has  arrived,  for  whose  due 
comprehension,  however,  it  is  requisite  that  the  terms  employed  by  him 
should  be  first  defined. — The  entire  muscle  being  composed  of  a  mass  of 
fibres,  having  a  generally-parallel  direction,  and  attached  at  their  extre- 

"  See  M.  Becquerers  "  Trait6  de  l'Electricit6,"  torn.  i.  p.  327,  and  torn.  iv.  p.  300. 
.+  "  Philosophical  Transactions,"  1848,  p.  243. 


.656 


EVOLUTION  OP  HEAT,  LIGHT,  AND  ELECTRICITY. 


mities  to  tendinous  structure,  which  has  in  itself  but  little  or  no  electro- 
motor power,  but  is  a  conductor  of  electricity,  it  follows  that  the  tendon 
or  tendinous  portion  of  a  muscle  represents  a  surface  formed  by  the 
bases  of  the  muscular  fibres  considered  as  prisms,  which  may  be  desig- 
nated its  natural  transverse  section.    On  the  other  hand,  the  fleshy  sur- 
face of  the  muscle,  which  is  formed  only  by  the  sides  of  the  fibres  con- 
sidered as  prisms,  may  be  regarded  as  the  natural  longitudinal  section  of 
the  muscle.    Again,  if  a  muscle  be  divided  in  a  direction  more  or  less 
perpendicular  to  its  fibres,  an  artificial  transverse  section  will  be  made; 
whilst  if  the  muscle  be  torn  lengthways  in  the  direction  of  its  fibres,  an 
artificial  longitudinal  section  will  be  made  ;  and  these  artificial  sections 
show  the  same  electric  conditions  with  their  corresponding  natural  sec- 
tions.   Now  experiments  repeated  in  a  great  variety  of  modes  demon- 
strate that  every  point  in  the  natural  or  artificial  longitudinal  section  of 
a  muscle  is  positive  in  relation  to  every  part  of  its  transverse  section,  whether 
natural  or  artificial;  the  most  powerful  influence  on  the  galvanometer 
being  produced,  when  a  portion  of  the  surface  (or  natural  longitudinal 
section)  of  a  muscle  is  laid  upon  one  of  the  electrodes,  and  a  portion  of 
the  surface  formed  by  cutting  the  muscle  across  (or  artificial  transverse 
section)  is  placed  against  the  other.    When  the  two  tendinous  extremities 
of  a  muscle  wliose  form  is  symmetrical  or  nearly  so,  are  placed  against  the 
electrodes,  the  deflection  of  the  needle  of  the  galvanometer  is  but  slight ; 
and  the  same  is  the  case  with  two  transverse  sections  taken  at  equal 
distances  from  the  two  ends  of  the  muscle,  and  also  with  two  points  of 
the  longitudinal  section  which  are  equally  distaiat  from  the  middle  of  its 
lengtli.    But  if  the  two  points  of  the  longitudinal  section  ajDplied  to  the 
electrodes  be  not  equally  distant  from  the  centre  of  the  muscle,  then  the 
point  which  is  nearest  to  the  centre  is  positive  to  the  one  which  is  nearest 
to  the  end;  and,  in  like  manner,  when  the  different  parts  of  the  trans- 
verse section  are  tested  in  regard  to  each  other,  the  points  lying  nearest 
the  surface  of  the  muscle,  are  found  to  be  positive  to  those  nearer  its 
interior.    The  intensity  of  the  current,  however,  between  any  two  points 
in  the  same  section — whether  transverse  or  longitudinal — is  always  incom- 
parably less  than  that  of  the  currents  which  are  obtained  between  two  points 
in  different  sections,  one  in  the  longitudinal  and  the  other  in  the  trans- 
verse.   These  results  may  be  obtained,  not  merely  with  the  entire  muscle, 
but  with  insulated  portions  of  it ;  and  even,  as  we  are  assured  by  M.  du 
Bois-Reymond,  with  a  single  primitive  fasciculus.    Hence  it  seems  un- 
questionable, that  every  integral  particle  of  the  muscular  substance  must 
be  a  centre  of  electro-motor  action,  and  must  contain  within  itself  positive 
and  negative  elements;  and  the  variations  both  of  intensity  and  direction 
in  the  muscular  current,  under  certain  circumstances,  are  so  sudden  and 
so  extensive,  that  it  appears  impossible  to  account  for  them  by  any  change 
of  larger  heterogeneous  elements,  or  in  any  other  way  than  by  assuming 
corresponding  changes  of  position  in  almost  infinitely  small  centres  of 
action.    It  is  indifferent  what  form  is  assigned  to  these  electromotive 
molecules ;  but  it  would  seem  that  they  must  have  two  negative  polar 
zones,  and  a  positive  equatorial  zone;  a  combination  of  siich  elements 
being  able  to  produce  all  the  electrical  effects  of  a  muscle  in  a  state  of 
rest.    It  seems  altogether  best  to  suit  the  phenomena,  to  suppose  that 
each  of  these  2><"i'h'^olar  molecules  is  formed  by  the  combination  of  two 
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dipolar  molecules,  touching  each  other  by  their  positive  poles, — as  in  the 
subjoined  table,  which  represents  a  band  of  four  series,  a,  b,  c,  d,  each 
series  containing  four  dipolar  molecules. 
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669.  The  current  shown  by  the  entu'e  muscle,  when  made  to  form 
part  of  a  circuit,  is  only  a  derived  current  produced  by  incomparably 
more  intense  currents  circulating  in  the  interior  of  the  muscle  around 
these  ultimate  particles,  and  will  vary  greatly  in  intensity,  according  to 
the  mode  in  which  these  particles  are  arranged;  generally  speaking,  how- 
ever, it  increases  both  with  the  length  and  with  the  thickness  of  the  muscle. 
There  is,  however,  another  cause  of  a  very  remarkable  natiu'e,  which  in- 
fluences both  its  intensity  and  its  direction ;  this,  according  to  M.  du 
Bois-Reymond,  is  the  existence  of  a  thin  layer  of  muscular  substance, 
beneath  the  tendinoiTS  expansion,  whose  electromotive  power  is  exactly 
opposite  to  that  of  the  rest,  so  that  its  action  tends  to  reverse  the  general 
law  of  the  muscular  current.  For  when  the  gastrocnemius  of  a  frog  is 
placed  between  the  two  electrodes,  so  as  to  touch  them  only  with  its 
tendinous  extremities,  it  gives  a  weak  upward  cm'rent;  but  if  the  frog 
have  been  previously  cooled,  there  will  probably  be  no  current  at  all ;  or 
if  it  have  been  frozen,  there  may  .actually  be  a  current  in  the  opposite 
direction.  If,  now,  a  drop  of  any  liquid  capable  of  corroding  the  mus- 
cular tissue  (such  as  alcohol,  creosote,  acids,  alkaline  solutions,  &c.)  be 
placed  upon  the  aponeurosis  of  the  tendo  Achillis,  the  ordinary  upward 
cuiTcnt  of  the  muscle  is  evolved;  and  the  same  effect  is  produced  by 
completely  removing  a  thin  layer  of  muscular  substance  at  the  natural 
transverse  section.  This  effect  is  accounted-for  by  M.  du  Bois-Reymond, 
on  the  supposition  that  at  the  tendinous  extremities  of  the  muscular 
fibres,  the  linear  series  of  peripolar  elements  is  terminated  by  a  single 
dipolar  element,  whose  positive  pole  is  thus  free,  instead  of  the  negative 
pole  being  so ;  and  he  has  shown  that  by  an  apparatus  of  zinc  and  copper 
constructed  after  this  plan,  all  the  electric  phenomena  of  the  muscle  at 
rest  may  be  imitated. 

670.  That  a  change  in  the  electric  state  of  a  muscle  takes  place  in  the 
act  of  contraction,  had  been  ascertained  by  the  experiments  of  Prof 
Matteucci  (§  330) ;  but  as  he  was  only  able  to  detect  this  by  the  galvano- 
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scopic  frog  (the  galvauometer  which  he  employed  not  giving  unquestion- 
able indications  of  it),  he  was  not  able  to  determine  its  nature  willi 
accui'acy.  This  has  been  accomplished,  howevei',  by  M.  du  Bois-liey- 
mond;  who  has  shown  that  during  contraction  the  muscular  cun-ent  is 
not  increased  (as  supposed  by  Matteucci),  but  is  diminished  and  even 
reduced  to  zero.  In  order  to  exhibit  this  phenomenon  satisfactorily,  it  is 
found  advantageous  to  cause  the  muscle  to  contract  powerfully  or  unin- 
terruptedly for  as  long  a  time  as  possible,  that  is,  to  tetanize  it;  and  this 
may  be  effected  by  acting  violently  on  its  nei've  by  heat,  chemical  agents, 
or  a  succession  of  electric  shocks;  or  by  poisoning  the  animal  with 
strychnia.  In  whatever  mode  the  tetanizcd  state  is  induced,  the  same 
result  follows ; — the  needle  of  the  galvanometer  passes  over  to  the  nega- 
tive side.  This,  however,  does  not  indicate  (as  might  be  at  first  sup- 
l^osed)  the  development  of  a  new  current  during  the  contraction,  in  a 
direction  opposite  to  that  which  prevails  during  rest ;  but  it  is  the  con- 
sequence of  the  'secondary  polarity'*  which  is  evolved  in  the  platiniun 
electrodes,  as  soon  as  the  muscular  current  is  diminished  j  the  needle 
passing  from  the  positive  to  the  negative  side,  as  soon  as  the  current  of 
the  secondary  polarity  becomes  more  powerful  than  the  original  muscular 
current.  This  negative  deflection  of  the  needle  at  the  moment  of  con- 
traction, is  always  proportional  to  the  actual  intensity  of  the  cun-ent  of 
the  muscle  while  at  rest ;  and  it  ceases  as  soon  as  the  tetanic  contraction 
ceases,  after  which  the  muscular  current  gradually  recovers  its  previous 
intensity. — Thus,  then,  it  appeal's  that  the  contraction  of  a  muscle  is 
attended  with  a  marked  diminution  of  its  electromotive  power ;  a  fact 
which  seems  to  harmonize  well  with  the  general  views  formerly  adverted- 
to  in  regard  to  the  'correlation  of  forces;'  the  changes  which  operate  to 
produce  distui'bance  of  electric  equilibrium  whilst  the  muscle  is  at  rest, 
being  concerned  in  the  development  of  motor  power  when  it  is  throwu 
into  contraction.  This  alteration  has  been  demonstrated  by  M.  du  Bois- 
Reymond  in  the  living  animal,  after  the  following  manner.  The  two 
feet  of  a  live  frog  were  immersed  in  the  two  connecting  vessels,  but  one 
of  the  legs  was  paralysed  by  division  of  its  sciatic  plexus;  the  muscular 
cui-ronts  of  the  muscles  of  the  two  limbs  neutralized  each  other,  so  loug 
as  they  remained  at  rest ;  but  upon  the  fi'og  being  poisoned  with  strych- 
nia, so  that  tetanic  convulsions  occvirred  in  one  limb  whilst  the  other 
remained  motionless,  the  current  in  the  former  limb  was  weakened, 
whilst  that  of  the  otlier  remained  unaffected,  and  a  deflection  of  the 
needle  took  place,  indicating  an  upward  cm-rent  in  the  paralyzed  limb 
and  a  downward  current  in  the  tetanized  one.  The  same  thing  may  be 
shown  in  the  Human  subject,  by  dipping  the  forefingers  of  the  two 

•  Wlien  the  electromotor  body  is  removed,  and  tlie  two  electrodes  (platinum  plates  im- 
mersed in  a  saturated  solution  of  common  salt),  are  connected  by  some  imperfectly  conduct- 
ing body,  a  secondary  current  is  manifested  in  the  reverse  direction  to  the  first,  the  needle 
being  deflected  to  the  other  side;  this  is  caused  by  the  electro-chemical  reaction  of  the  sub- 
stances which  the  current  of  animal  electricity  has  evolved  on  the  platinum  plates  by  means 
of  its  electrolytic  action;  and  its  occurrence  is  often  a  useful  and  valuable  confirmation  of  the 
first  result,  as  showing  that  the  primary  deflection  really  was  the  consequence  of  the  pre- 
sence of  an  electromotor.  When  the  electromotive  action,  moreover,  is  very  weak,  it  may  be 
made  more  evident  by  reversing  the  position  of  the  electromotor,  without  first  replacnig  the 
connecter;  so  that  the  action  which  it  will  then  exert  in  the  reverse  direction,  will  be 
strengthened  by  the  secondary  current  developed  by  the  previous  action. 
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hands  into  the  two  conductiug  vessels  connected  with  the  galvanometer, 
SO  that  the  two  arms  are  included  in  opposite  directions  in  the  circuit ; 
when  if,  after  the  needle  (which  usually  undergoes  a  temporary  disturb- 
ance on  their  first  immersion)  has  come  to  a  state  of  rest,  all  the  muscles 
of  one  of  the  ai'ms  be  strongly  and  permanently  contracted,  so  as  to 
give  them  the  greatest  possible  tension  without  changing  the  position  of 
the  arm,  the  needle  is  instantly  deflected,  always  indicating  a  current 
from  the  hand  to  the  shoulder,  that  is,  an  upward  cuiTcnt  in  the  con- 
tracted arm.  Hence,  according  to  the  explanation  just  given,  the  con- 
ti-acted  arm  plays  the  part  of  the  negative  metal  in  the  circuit,  in  regard 
to  the  arm  whose  muscles  remain  in  the  state  of  relaxation,  showing  that 
the  normal  cm-rent  will  be  a  downward  one. — This  change,  however,  is  so 
extremely  slight,  that  a  very  delicate  galvanometer  is  requisite  to  render 
it  perceptible.  Its  intensity  depends  very  much  on  the  muscular  energy 
of  the  experimenter;  and  even  the  greater  power  which  the  right  arm 
usually  possesses,  becomes  perceptible  in  the  greater  deflection  of  the 
needle  when  it  is  put  in  action.* 

671.  The  discovery  that  an  electric  current  exists  in  nerves,  the  con- 
ditions of  which  are  in  most  respects  similar  to  that  of  the  Muscular 
current,  is  entu-ely  due  to  M.  du  Bois-Eeymond.    When  a  small  piece 
of  a  nerve-trunk  is  cut  out  from  the  recently-killed  body,  and  is  so 
placed  upon  the  electrodes  that  it  touches  one  of  them  with  its  suiface 
(or  natm'al  longitudinal  section),  and  the  other  with  its  cut  extremity  (or 
artificial  transverse  section),  a  considerable  deflection  of  the  index  is  pro- 
duced, the  du-ection  of  which  alwtiys  indicates  the  passage  of  a  current 
from  the  interior  to  the  exterior  of  the  nerve-trunk.    It  is  indifierent  in 
regard  to  the  direction  of  the  current,  whether  the  central  or  the  peri- 
pheral cut  extremity  be  applied  to  the  electrojie ;  and  in  fact  the  most 
powerful  effect  is  obtained  by  doubling  the  nerve  in  the  middle,  and  ap- 
plying both  transverse  sections  to  one  electrode,  whilst  the  loop  is  applied 
to  the  other.    On  the  other  hand,  if  the  two  cut  extremities  be  applied 
to  the  two  electrodes  respectively,  no  decided  effect  is  produced ;  and  the 
same  neutrality  exists  between  any  two  points  of  the  surface  of  the 
trunk,  equidistant  from  the  middle  of  its  length  j  but  if  the  points  be  not 
equidistant,  then  a  slight  deflection  is  produced,  indicating  that  the  parts 
neai-er  the  middle  are  positive  to  those  nearer  the  extremities.    It  has 
not  been  found  possible,  owing  to  the  small  size  of  the  nerve-trunks  ex- 
perimented-on,  to  test  in  a  similar  manner  the  relative  state  of  different 
points  of  their  transverse  section ;  but  there  can  be  little  doubt,  from  the. 
complete  confoimity  which  exists  in  other  respects  between  the  nervous 
and  muscular  currents,  that  the  same  law  wiU  be  found  to  prevail  in  this 
as  in  the  former  case ;  namely,  that  the  points  nearer  the  smface  are 

*  Of  this  very  remarkable  experiment,  which  was  first  made  by  M.  du  Bois-Reymond, 
the  Author  has  himself  (through  that  gentleman's  kindness)  been  a  witness ;  and  he  gladly 
bears  his  testimony  to  its  highly  satisfactory  character,  and  withdraws  the  doubt  previously 
expressed  (on  the  authority  of  Prof.  Matteucci's  negative  statements)  in  regard  to  the  reality 
of  this  phenomenon  ($  330,  note). — The  success  of  M.  du  Bois-Rcymond  in  these  and  similar 
investigations,  is  doubtless  due  in  great  part  to  the  marvellous  sensitiveness  of  the  galvano- 
meter he  employs,  the  coils  of  which  consist  of  three  miles  of  wire,  as  well  as  to  the  perfection 
of  the  various  arrangements  by  which  he  is  enabled  to  avoid  or  eliminate  sources  of  error  • 
but  it  must  be  attributed  in  great  part  also  to  the  philosophic  method  on  which  his  inquiries 
are  planned,  and  to  the  skill  and  perseverance  with  which  they  are  carried  out. 
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positive  to  those  nearer  the  centre.  There  is  no  difference  between  the 
motor  and  the  sensory  nerves  in  regard  to  the  direction  of  this  current, 
the  existence  of  which  has  been  proved  by  M.  du  Bois-Reymond,  not 
only  by  the  galvanometer,  but  also  by  the  excitement  of  contractions  in 
the  limb  of  the  galvanoscopic  frog. — The  'nervous  current,'  like  the  mus- 
cular, must  be  considered  as  derived  from  the  electromotive  action  of  the 
molecules  of  the  nei've;  and,  for  the  reasons  already  pointed  out,  the 
intensity  of  the  cm-rent  in  the  immediate  neighbourhood  of  the  molecules, 
may  be  infinitely  greater  than  that  which  is  shown  by  the  galvanometer 
to  exist  in  the  trunk  of  the  nerve. 

672.  We  have  now  to  follow  M.  du  Bois-Reymond  through  his  investi- 
gations on  the  change  in  the  condition  of"  the  'nervous  current,'  whilst 
the  nerve  is  in  a  state  of  functional  activity,  whether  motorial  or  senso- 
rial. For  the  examination  of  this,  it  is  desirable  to  induce  a  state  of 
continuous  action  in  the  nerve,  analogous  to  the  tetanic  contraction  of 
muscle ;  and  this  condition  in  the  motor  nerve,  is  manifestly  that  which 
induces  tetanus  in  its  muscle ;  whilst  in  sensoiy  nerves  it  is  that  in  which 
a  violent  sensation  is  uninterruptedly  kept  up.  No  means  of  exciting 
such  a  state  ai'e  so  certain  and  simple,  as  electric  cm-rents ;  but  it  is 
necessary  in  the  first  place  to  determine  the  modification  which  these 

currents  may  themselves  produce  in  the  pro- 
per 'nervous  current.'    If  a  portion  of  nerve- 
trunk  be  so  placed  (Fig.  126),  that  it  touches 
one  of  the  electrodes  by  its  transverse  section 
(which  may  be  designated  t),  and  the  other 
by  its  surface  or  longitudinal  section  (l),  and 
a  portion  of  its  continuation  be  included  in 
a  galvanic  circuit,  so  that  a  current  shall  pass 
in  the  direction  z — p,  which  is  the  same  in  its 
direction  as  that  between  t — l,  then  the  in- 
tensity of  the  'nervous  current'  T — l,  as  indi- 
cated by  the  deflection  of  the  needle  of  the 
galvanometer,  will  be  found  to  undergo  an  in- 
crease ;  whilst  on  the  other  hand,  if  the  electric 
current  be  passed  in  the  contrary  direction 
p — z,  the  intensity  of  the  'nervous  cm-rent' 
T — l  will  decrease. — The  portion  z — p  of  the 
nerve,  which  is  included  in  the  electric  circuit,  is  termed  the  excited 
portion,  and  the  current  passed  through  it  is  the  exciting  current;  on 
the  other  hand,  the  portion  t — l  included  between  the  electrodes  of  the 
galvanometer  is  the  derived  portion ;  and  the  altered  condition  of  this  pai't, 
which  is  produced  by  the  extraneous  current  (this  current  having  been 
experimentally  proved  by  M.  du  Bois-Reymond  to  exert  no  direct  influ- 
ence on  the  galvanometer),  is  termed  the  electrotonic  state  of  the  nerve. 
When  the  intensity  of  the  'nervous  current'  is  increased,  the  nerve  is 
said  to  be  in  the  x>ositive  phase  of  this  electrotonic  state ;  and  when  it  is 
diminished,  the  nerve  is  in  the  negative  phase  of  that  state. — By  a  proper 
arrangement,  the  same  exciting  current  may  be  made  to  prodvice  the  posi- 
tive phase  in  one  part  of  a  nerve-trunk,  and  the  negative  phase  in  another. 
Thus  if  the  two  extremities  of  a  nerve  (Fig.  127,  ji?  and  c),  lie  so  connected 
with  two  galvanometers,  that  both  shall  develope  the  'nervous  curi-ent, 
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and  an  intermediate  portion  be  excited  by  the  transmission  of  an  electric 
current  in  the  direction  z — p,  the  nervous  current  in  the  'derived'  por- 
tion c  will  be  increased  in  intensity, 
whilst  that  in  the  portion  will  be 
diminished. — Hence  it  may  be  in- 
ferred that  when  any  portion  of  the 
length  of  a  nei've  is  traversed  by  an 
electric  current,  besides  the  usual 
electromotive  action  of  the  nerve,  a 
new  electro-motive  action  takes  place 
in  eveiy  point  of  the  nerve,  by  a 
polarization  of  its  electromotive  ele- 
ments, which  action  has  the  same 
direction  as  the  exciting  current 
itself;  and  acuiTent  is  thus  produced 
in  the  'derived'  portion,  which  is 
added  to  the  original  'nervous  cur- 
rent' at  that  end  of  the  nerve  at  which  the  direction  of  this  new  current 
and  of  the  nei^vous  current  coincide,  and  is  subtracted  at  that  end  at 
which  the  directions  are  different.  These  variations  in  the  intensity  of  the 
'nervous  cun-ent'  continue  as  long  as  the  'exciting  current'  lasts,  and 
immediately  cease  when  the  circuit  of  that  current  is  broken.  It  is  to 
the  induction  of  the  electrotonic  state  in  the  nerve  supplying  it,  that 
the  contraction  of  a  muscle  is  due,  which  ensues  on  the  completion  of 
the  circuit;  and  to  the  cessation  of  this  state,  that  the  muscular  contrac- 
tion is  due  which  is  consequent  upon  the  interruption  of  the  circuit. 
Hence  the  electrotonic  changes  in  the  condition  of  nerves  may  be 
obsei-ved  without  previous  dividing  them.— When,  on  the  other  hand,  a 
nerve  is  'tetanized'  by  passing  an  interrupted  and  alternating  current 
through  a  portion  of  it,  the  effect  is,  as  in  the  case  of  muscle,  to  produce 
a  diminution  in  its  own  proper  current ;  the  needles  of  hotli  galvanometers, 
in  the  arrangement  last  described,  being  deflected  to  the  negative  side, 
instead  of  one  going  back  to  zero,  and  the  positive  deflection  of  the  other 
being  increased,  as  happens  when  the  'excited  portion'  is  subjected  to  a 
continuous  and  uniform  current.  The  same  negative  variation  of  the 
nervous  current  has  been  demonstrated  by  M.  du  Bois-Reymond  in 
nerves  tetanized  by  other  means,  as  by  the  use  of  strychnia.  And  the 
phenomena  both  of  the  'electrotonic  state,'  and  of  the  'negative  varia- 
tion' are  precisely  the  same,  whether  motor  or  sensory  nerves  be  sub- 
jected to  the  experiment ;  thus  making  it  appear  that  nerve-force  may  be 
transmitted  in  either  direction  along  each  of  these  orders  of  nerves. — A 
very  remarkable  modification  of  the  'nervous  current'  has  been  shown 
by  M.  du  Bois-Reymond  to  follow  severe  injuries  of  the  nerve,  by  mecha- 
nical, chemical,  or  thermal  agencies.  If,  for  instance,  a  piece  of  hot 
metal  be  brought  near  to  the  nerve  without  touching  it,  the  nervous  cur- 
rent will  be  seen  to  sink  rapidly,  and  to  have  its  direction  reversed, 
during  which  the  property  possessed  by  the  nerve  of  conveying  irritation 
to  the  muscle,  though  somewhat  impaired,  will  not  be  destroyed ;  and  if, 
whilst  in  this  abnormal  state,  the  nerve  be  divided,  every  transverse  sec- 
tion is  found  neutral  or  positive  to  the  longitudinal  section,  instead  of 
negative.    If  the  nerve-trunk  be  then  placed  between  muscles,  so  as  to 
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recovei'  its  natural  moisture,  it  will  at  the  same  time  recover  its  usual 
electromotive  power.* 

G73.  Some  of  the  most  important  parts  of  the  body  being  thus  in  a 
state  of  constant  disequilibriicm  with  regard  to  each  other,  it  is  not  sur- 
prising that  the  electric  state  of  the  whole  should  be  ordinarily  in  dis- 
equilibrium with  that  of  suiTounding  bodies.  This  diiference,  however,  is 
usually  prevented  fi-om  manifesting  itself,  in  consequence  of  the  restoration 
of  the  equilibrium  by  the  free  contact  which  is  continually  taking  place 
between  them ;  and  it  is  for  the  most  part  only  when  the  Human  body  is 
insulated,  that  it  becomes  apparent.  The  galvanometer  is  then  affected, 
however,  by  the  contact  of  one  of  its  electrodes  with  the  person  insulated, 
and  the  other  with  any  neighbouring  uninsulated  body;  and  also  by  the 
contact  of  the  electrode  with  the  hands  of  two  persons  both  insulated, 
who  join  their  otlicr  hands  together,  a  difference  in  the  electrical  states 
of  the  two  individuals  being  thus  indicated.  The  electricity  of  man  is 
most  frequently  positive,  and  irritable  men  of  sanguine  temperament 
have  more  free  electricity  than  those  of  phlegmatic  character;  the 
electricity  of  women  is  moi'c  frequently  negative  than  that  of  men. 
Thei'e  are  persons  who  scarcely  ever  pull  olf  articles  of  dress  which  Imve 
been  worn  next  the  skin,  without  sjiarks  and  a  crackling  noise  being  pro- 
duced; especially  in  dry  weather,  when  the  electricity  of  the  body  is 
retained,  instead  of  being  rapidly  dissipated  as  it  is  by  a  damj)  atmosphere. 
The  effect  is  usually  heightened,  if  silk  stocldngs  and  other  silken  articles 
have  been  worn,  since  these  act  as  insulators.  It  is  doubtless  in  pai't 
attrib\itable  to  the  friction  of  the  articles  of  dress  against  each  other  and 
against  the  body ;  but  we  can  scarcely  doubt  that  it  is  partly  due  to  the 
generation  of  electricity  in  the  body  itself,  since  it  bears  no  constant 
relation  to  the  foi'mer  of  these  supposed  causes.  Thus  a  Capuchin  fi-iar 
is  mentioned  by  Dr.  Schneider,t  who,  on  removing  his  cowl,  always  found 
a  number  of  shining  crackling  sparks  to  pass  from  his  scalp;  and  this 
phenomenon  continued  still  perceptible  after  a  three  weeks'  iUness.  The 
most  remarkable  case  of  the  generation  of  Electricity  in  the  Hmnan 
subject  at  present  known,  was  recorded  some  years  since  in  America.]: 
The  subject  of  it,  a  lady,  was  for  many  months  in  an  electric  state  so 
different  fi-om  that  of  surrounding  bodies,  that,  whenever  she  was  but 
slightly  insulated  by  a  carpet  or  other  feebly  conducting  medium,  sparks 
passed  between  her  pei'son  and  any  object  she  approached;  when  most 
favourably  circumstanced,  four  sparks  per  minute  woidd  pass  from  her 
finger  to  the  brass  ball  of  the  stove  at  the  distance  of  1^  inch.  From 

•  The  materials  of  the  five  preceding  paragraphs  have  been  derived  from  the  sketch  of 
M.  du  Bois- Raymond's  researches,  which  has  been  recently  published  by  Dr.  Bence  Jones 
("  On  Animal  Electricity;  being  an  Abstract  of  the  Discoveries  of  Emil  du  Bois-Reymond"). 
Having  himself  had  the  opportunity  of  witnessing  a  considerable  number  of  the  experiments 
above  referred-to,  the  Author  feels  it  due  to  M  du  Bois-Reymond  to  state,  that  their  results 
corresponded  so  precisely  with  his  predictions  in  everj'  instance,  as  to  prove  that  he  had  ac- 
quired a  thorough  mastery  over  the  conditions  of  the  phenomena.  And  he  may  mention  the 
experimental  demonstration  of  the  '  nervous  current,'  as  most  fullj'  satisfactory.— It  may  lie 
stated  with  confidence,  that  the  course  of  investigation  which  is  being  followed-out  ^Y^' 
du  Bois-Reymond,  is  one  pre-eminently  calculated  to  develope  results  of  importance  m  1  liy* 
siology;  and  is  the  only  one  out  of  wliich  definite  indications  in  regard  to  tlie  Therapeutic 
applications  of  Electricity  can  be  expected  to  arise. 

+  "Casper's  Wochen'schrift,"  1«49,  No.  15. 

X  "American  Journal  of  Medical  Sciences,"  January,  1838. 
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tlie  pain  which  accompanied  the  passage  of  the  sparks,  her  condition  was 
a  source  of  much  discomfort  to  her.  The  circumstances  which  appeared 
most  favourable  to  the  generation  of  the  electricity,  were  an  atmosphere 
of" about  80°,  tranquillity  of  mind,  and  social  enjoyment;  whilst  a  low 
temperature  and  depressing  emotions  diminished  it  in  a  corresponding 
degree.  The  phenomenon  was  first  noticed  during  the  occurrence  of  an 
Aurora  Borealisj  and  though  its  first  appearance  was  sudden,  its  depar- 
ture was  gradual.  Various  experiments  were  made,  with  the  view  of 
ascertaining  if  the  electricity  was  generated  by  the  friction  of  articles  of 
dress ;  but  no  change  in  these  seemed  to  modify  its  intensity. 


CHAPTER  XIV. 

OF  THE  FUNCTIONS  OF  THE  NERVOUS  SYSTEM. 

1. — General  Summary. 

674.  The  Nervous  System  of  Man,  as  of  Vertebrated  animals  gene- 
rally, consists  of  an  aggregation  of  separate  ganglionic  centres,  which  are 
more  or  less  intimately  connected  vsdth  each  other  by  commissural  fibres, 
and  which  are  called  into  consentaneous  activity  in  a  large  proportion  of 
tlie  operations  of  which  this  apparatus  is  the  instrument.  Hence,  not- 
withstanding the  abundant  evidence  that  these  several  centres  differ  in 
their  respective  endowments,  there  is  considerable  difficulty  in  the  deter- 
mination of  their  special  functions;  since  the  destruction  or  removal  of 
any  one  portion  of  the  Nervous  system  not  only  puts  a  stop  to  the  pheno- 
mena to  which  it  is  itself  directly  subservient,  biit  so  deranges  the  general 
train  of  nei'vous  activity,  that  it  often  becomes  impossible  to  ascertain,  by 
any- such  method,  what  is  its  real  share  in  the  entire  performance. — In 
this  difficulty,  however,  we  may  advantageously  have  recourse  to  the 
study  of  the  structure  and  actions  of  those  forms  of  the  Nervous  system 
presented  to  us  among  the  lower  animals,  in  which  its  ganglionic  centres 
are  fewer  and  less  intimately  connected,  and  in  which,  therefore,  it  is 
more  easy  to  gain  an  acquaintance  with  their  several  endowments.  And 
from  an  extensive  sm'vey  of  these,  we  seem  able  to  deduce  the  following 
conclusions,  which  afford  the  most  valuable  guidance  in  the  study  of  the 
Nervous  System  of  Man.* 

I.  The  Nervous  System,  in  its  lowest  and  simplest  form,  may  consist  of 
but  a  single  gangUonic  centre,t  with  afferent  and  motor  nerves  (§  350), 
whose  function  is  essentially  internuncial ;  impressions  made  upon  the 
afferent  fibres  exciting  respondent  movements  in  the  muscles  supplied  by 
the  motor,  without  any  necessaiy  intervention  of  consciousness.  Such 
movements  are  properly  distinguished  as  excito-motor. 

*  For  a  general  view  of  the  facts  on  which  these  conclusions  are  based,  see  "  Princ.  of 
Phj-s.,  Gen.  and  Comp.,"  chav.  xx. 

t  It  may,  perhaps,  be  dr)ubtcd  whether  any  Animal  really  exists,  possessing  such  nervous 
system,  and  yet  not  endowed  with  consciousness.  It  is  quite  certain,  however,  that  animals 
do  exist  (the  T  unicatcd  Mollusca  for  example),  in  which  the  actions  above  rcfcrrcd-to  are 
the  only  ones  of  which  we  have  any  distinct  evidence  from  observation  of  their  habits.  ' 
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II.  .  A  repetition  of  such  ganglionic  centres  may  exist  to  any  extent, 
without  heterogeneousuess  of  function,  or  any  essential  dej)arture  from 
the  simple  mode  of  action  just  indicated ;  each  of  these  centres  may  be  spe- 
cially connected  by  afferent  and  motor  fibres  with  one  segment  or  division 
of  the  body,  and  may  minister  peculiarly  to  its  actions ;  but  the  several 
centres  may  be  so  intimately  connected  by  commissural  fibres,  that  an 
imj)ression  made  upon  the  afferent  nerves  of  any  one  of  them  may  excite 
respondent  motions  in  other  segments.  This  we  see  effected  through  the 
annular  gangliated  cord  of  the  higher  Kadiata,  and  through  the  longi- 
tudinal gangliated  cord  of  the  Articulataj  the  disposition  of  the  ganglia 
and  of  their  connecting  cords  having  reference  simply  to  the  general  plan 
of  the  body. 

III.  A  higher  form  of  Nervous  System  is  that  in  which  the  multiplica- 
tion of  ganglionic  centres  has  reference,  not  to  the  multiplication  of 
similar  parts  which  are  to  be  alike  supplied  with  nervous  power,  but  to 
the  exercise  of  a  diversity  of  functions,  through  the  instrumentality  of 
different  structures ;  thus,  in  the  higher  Articulated  and  Molluscous 
tribes,  we  find  ganglionic  centres  specially  set  apart  for  the  actions  of 
deglutition  and  respiration,  as  well  as  for  those  of  locomotion ;  but  the 
modus  oj^erandi  is  still  the  same,  these  actions  being  all  'excito-motor,' 
that  is,  being  performed  through  the  'reflex'  agency  of  their  several  gang- 
lionic centres,  without  the  necessary  intervention  of  consciousness.  These 
centres  are  connected  with  each  other  commissurally,  when  they  are 
required  to  act  with  consentaneousness  j  and  it  is  frequently  to  be  ob- 
served in  the  most  developed  forms  of  each  tyj)e,  that  they  come  into 
actual  coalescence,  their  functional  distinctness  being  still  indicated, 
however,  by  the  distribution  of  their  uei-vous  trunks. 

IV.  In  all  but  the  very  lowest  Invertebrata,  the  nervous  system'  in- 
cludes, in  addition  to  the  foregoing,  ceitain  ganglionic  centres,  situated  in 
the  neighbourhood  of  the  entrance  to  the  digestive  cavity,  and  connected 
Avith  certain  organs,  which,  from  their  more  or  less  close  resemblance  to 
om-  own  instruments  of  special  sense,  we  conclude  to  be  organs  of  sight, 
smell,  hearing,  &c.  Now  as  we  know  from  our  own  experience,  that  im- 
pressions made  upon  these  organs  produce  no  further  change  unless  we 
become  conscious  of  them,  and  as  the  Invertebrata  possess  no  distinct 
ganglionic  centres  of  a  higher  character,  it  seems  to  be  a  legitimate 
inference  that  these  'sensorial'  ganglia  are  the  instruments  by  which  the 
animals  furnished  with  them  are  rendered  cognizant  of  such  impi'essions, 
and  through  which  the  sensations  thus  called  into  existence  serve  to 
prompt  and  direct  then-  movements.  What  is  commonly  designated 
as  the  'brain'  of  Invertebrata  (more  properly  their  'cephalic  ganglia') 
cannot  be  shown  to  consist  of  anything  else  than  an  assemblage  of  sen- 
sorial centres;  and  its  actions  appear  to  be  entirely  of  a  'reflex'  character, 
such  of  the  movements  of  these  animals  as  are  not  excito -motor,  being 
performed  (there  is  strong  reason  to  believe)  in  respondence  to  sensations 
excited  by  internal  or  external  impressions.  Such  movements,  therefore, 
may  be  designated  as  sensoi^i-motor,  or  consensual.  Like  the  preceding, 
they  must  be  accounted  piu-ely  'automatic,'  since  neither  emotion,  reason, 
nor  will  has  any  participation  in  them ;  and  the  proportion  which  they  bear 
to  the  actions  of  the  excito-motor  kind,  seems  to  correspond  pretty  closely 
with  the  relative  development  of  the  cephalic  ganglia  and  of  the  rest  of  the 
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lervous  sj'stcm,  as  is  very  obvious  when  the  larva  and  imago  states 
if  Insects  are  compai'ed. — However  disjoined  the  various  excito-motor 

■entres  may  be  amongst  each  other,  we  uniformly  find  them  connected 
Aith  the  cephalic  ganglia  by  commissural  tracts;  and  this  anatomical 
met,  with  many  phenomena  which  observation  and  experiment  upon  their 
actions  have  brought  to  light,  makes  it  apparent,  that  besides  the  reflex 
actions  which  are  performed  through  their  own  direct  instrumentality, 
the  sensory  ganglia  have  a  participation  in  those  performed  through  other 
ganglionic  centres.  Thus  it  seems  probable  that  a  stimulus  transmitted 
(low^nw^ards  from  the  sensoiy  ganglia,  to  one  of  the  ganglia  of  the  trunk  of 
a  Centipede,  excites?  the  efferent  nerves  of  that  ganglion  to  call  into 

ontraction  the  muscles  supplied  by  them,  just  as  the  excitor  influence 
arriving  at  that  ganglion  through  its  own  afferent  nerve  would  do. 

675.  The  whole  Nervous  System  of  Invertebrated  animals,  then,  may 
t je  regarded  as  ministering  entirely  to  automatic  action ;  and  its  highest 
development,  as  in  the  class  of  Insects,  is  coincident  with  the  highest 
manifestations  of  the  '  instinctive'  powers,  which,  when  carefully  examined, 
are  found  to  consist  entirely  in  movements  of  the  excito-motor  and 
sensori-motor  kinds.  When  we  attentively  consider  the  habits  of  these 
animals,  we  find  that  their  actions,  though  evidently  adapted  to  the  at- 
tainment of  certain  ends,  are  very  far  from  evincing  a  designed  adaptation 
on  the  part  of  the  beings  that  perform  them,  such  as  that  of  which  we 
are  ourselves  conscious  in  our  own  voluntary  movements,  or  which  we 
trace  in  the  operations  of  the  more  intelligent  Vertebrata.  For,  in  the 
first  place,  these  actions  are  invariably  performed  in  the  same  manner  by 
all  the  individuals  of  a  species,  when  the  conditions  are  the  same ;  and 
thus  are  obviously  to  be  attributed  rather  to  a  uniform  impulse,  than  to  a 
free  choice;  the  most  remarkable  examples  of, this  being  furnished  by  the 
economy  of  Bees,  Wasps,  and  other  'social'  Insects,  in  which  every  indi- 
vidual of  the  community  peiforms  its  appropriate  part,  with  the  ex- 
actitude and  method  of  a  perfect  machine.  The  very  perfection  of  the  adap- 
tation, again,  is  often  of  itself  a  sufficient  evidence  of  the  unreasoning  cha- 
racter of  the  beings  which  perform  the  work ;  for,  if  we  attribute  it  to  their 
own  intelligence,  we  must  admit  that  this  intelligence  frequently  equals, 
if  it  does  not  surpass,  that  of  the  most  accomplished  Human  reasoner.* 

*  Of  this  we  have  a  most  remarkable  example  in  the  architecture  of  the  common  Hive- 
Bee. — The  lieocagonal  form  of  the  cell  is  the  one  in  which  the  greatest  strength,  and  the 
nearest  approach  to  the  cylindrical  cavity  required  for  containing  the  larva,  are  attained,  with 
the  least  expenditure  of  material.  But  the  instinct  which  directs  the  Bees  in  the  construction 
of  the  partition  that  forms  the  bottom  or  end  of  the  cell,  is  of  a  nature  still  more  wonderful 
than  that  which  governs  its  general  shape.  The  bottom  of  each  cell  rests  upon  three  parti- 
tions of  cells  upon  the  opposite  side  of  the  comb  ;  so  that  it  is  rendered  much  stronger,  tlian 
if  it  merely  separated  the  cavities  of  two  cells  opposed  to  one  another.  The  partition  is  not 
a  single  plane  surface  ;  but  is  formed  by  the  union  of  three  rhomboidal  planes,  uniting  in  the 
centre  of  each  cell.  The  angles  formed  by  the  sides  of  these  rhombs,  were  determined  by 
the  measurements  of  Maraldi  to  be  109°  28'  and  70°  32';  and  these  have  been  shown,  by 
mathematical  calculation,  to  be  precisely  the  angles,  at  which  the  greatest  strength  and 
capacity  can  be  attained,  with  the  least  expenditure  of  wax.  The  solution  of  the  problem 
was  first  attempted  by  Kosnig,  a  pupil  of  the  celebrated  Bernouilli ;  and  as  his  result  proved 
to  differ  from  the  observed  angle  by  only  two  minutes  of  a  degree,  it  was  presumed  that 
the  discrepancy  was  due  to  an  error  of  observation,  which  it  was  easy  to  account  for  by  the 
smallness  of  the  surfaces  whose  inclination  had  to  be  measured.  The  question  has  been  since 
taken  up,  however,  by  Lord  Brougham  (Appendix  to  his  Illustrated  edition  of  "Paley's 
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Moreover,  these  opei-atious  are  performed  without  any  guidance  fro; 
experience;  for  it  can  be  proved  in  many  cases,  that  it  is  impossible  fo: 
the  beings  which  execute  them  to  have  received  any  instruction  from  their 
parents;  aiid  we  see  that  they  do  not  themselves  make  any  progressive 
attempts  towards  perfection,  but  accomplish  their  work  as  well  when  they 
first  apply  themselves  to  it,  as  after  any  number  of  repetitions  of  the  same 
acts.  It  is  interesting  to  observe,  moreover,  that  as  these  instinctive 
operations  vary  at  different  periods  of  life,  so  is  there  a  corresponding 
variation  in  the  structm-e  of  the  Nervous  system.  Thus  we  see  that,  in 
the  larva  of  the  Insect,  these  operations  are  entirely  du-ected  towards  the 
acquisition  of  food ;  and  its  organs  of  sense  and  locom'Otive  powers  are  only 
so  far  developed  as  to  serve  this  purpose.  But  in  the  imago  or  perfect 
Insect,  the  primary  object  is  the  continuance  of  the  race;  and  the  sen- 
sorial and  motor  endowments  are  adapted  to  enable  the  individual  to  seek 
its  mate,  and  to  make  preparations  (frequently  of  a  most  elaborate  kind) 
for  the  nurture  of  the  offspring.  Hence  we  can  scarcely  fail  to  arrive  at 
the  conclusion,  that  the  adaptiveness  of  the  instinctive  operations  of 
Insects,  &c.,  lies  in  the  original  construction  of  their  nervous  system, 
which  causes  particular  movements  to  be  executed  in  direct  respondence 
to  certain  impressions  and  sensations.  And  this  view  is  confirmed  by  the 
comparison  of  these  movements  with  those  which  have  been  always  recog- 
nized as  'instinctive'  in  the  Human  being;  thus,  the  act  of  sucking  in 
the  infant  requires  the  combined  exertion  of  a  considerable  number  of 
muscles,  which  combination  is  clearly  not  the  result  of  intelligence  and 
will,  but  is  a  purely  'reflex'  act  (§  423);  and  the  same  may  be  said  of 
the  acts  of  coughing  and  sneezing  (§  555),  the  pu7yose  of  which  is  most 
obvious,  and  the  adaptation  to  that  purpose  most  complete,  yet  these  acts 
ai'e  most  assuredly  not  performed  with  any  notion  of  their  purpose,  but  at 
the  prompting  of  an  irresistible  impulse,  which,  oi'iginating  in  an  excitar 
tion  applied  to  a  sensory  surface  and  conveyed  to  the  automatic  centres, 
becomes  the  immediate  source  of  all  the  separate  muscular  contractions 
which  combine  to  accomplish  the  pre-arranged  result.* 

676.  Thus,  then,  the  type  of  psychical  perfection  among  Tnvertebrated 
animals,  which  is  manifested  in  the  highest  degree  in  the  Social  Insects, 
consists  in  the  exclusive  development  of  the  Atct07Jiatic  powers;  in  virtue 
of  which,  each  individual  performs  those  actions  to  which  it  is  dhectly 

Natural  Theology")  ;  who  has  worked  it  out  afresh,  and  has  shown  that,  when  certain  small 
quantities,  neglected  by  Kojnig,  are  properly  introduced  into  the  calculation,  the  result  is 
exactly  accordant  with  observation, — the  Bees  being  thus  proved  to  be  right,  and  the  Maine- 
maiician  tvro?ig. 

*  We  have  not,  perhaps,  any  right  to  affirm  that  there  is  wo</mm(;  wtoet-er  analogous  m 
the  Invertebrata  to  the  Reasoning  powers  and  Will  of  higher  animals;  but  if  these  faculties 
have  any  existence  among  them,  they  must  be  regarded  as  in  a  merely  rudimentary  state, 
corresponding  with  the  undeveloped  condition  of  the  Cerebrum.  In  none  of  the  Articulata 
has  any  trace  of  this  organ  been  discovered  ;  a  rudiment  of  it,  however,  has  been  supposea 
to  exist  in  the  Cuttle-fish.  The  only  distinct  indication  of  intelligence  displayed  l^y  Inver- 
tebrata, is  the  slight  degree  of  capacity  of  "learning  by  experience"  which  some  ot  ttiem 
display  ;  this  capacity  being  limited  to  the  mere  formation  of  associations  between  the  nienuu 
states  called  up  l)y  different  objects  of  sense,  which  we  observe  to  be  the  first  stage  m  tne 
development  of  the  mental  powers  in  the  Human  infant.  And  it  is  interesting  to  rcmars 
tliat  this  educability  is  less  displayed  by  Insects,  in  which  we  may  consider  the  Autoniaiic 
tendencies  as  attaining  their  liighest  development,  than  it  is  in  Spiders,  which  present 
several  points  of  their  conformation  an  approximation  towards  the  Vertebrated  series. 
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prompted  by  the  impulses  arising  out  of  impressions  made  upon  its 
aiibrent  nerves,  without  any  self-control  or  self-direction ;  so  that  it  must 
be  regarded  as  entirely  a  creature  of  necessity,  performing  its  instnimental 
part  in  the  economy  of  Nature  from  no  design  or  will  of  its  own,  but  in 
accordance  with  the  plan  originally  devised  by  its  Creator.    On  turning 
to  the  Vertebrated  series,  on  the  other  hand,  we  find  that  perfection  con- 
sists in  the  highest  development  of  the  Intelligence,  and  in  the  supreme 
domination  of  the  Will,  to  which  all  the  automatic  movements,  save  those 
which  are  absolutely  essential  to  the  maintenance  of  the  organic  func- 
tions, are  brought  under  subjection;  so  that  each  individual  becomes  an 
independent,  self-moving,  and  self-controlling  agent,  all  whose  actions  are 
performed  with  a  definite  purpose  which  is  distinctly  before  his  own  view, 
and  are  adapted  to  the  attainment  of  their  end  by  his  own  reason.  This, 
however,  is  only  true  of  Man  in  his  highest  state  of  psychical  develop- 
ment ;  for  not  only  do  the  actions  of  the  lower  Vertebrata  appear  to  be 
nearly  as  much  under  the  dkection  of  automatic  impulses  as  are  those  of 
the  Invertebrated  classes,  but  the  same  is  true  of  those  of  the  Human 
species  in  infancy  and  early  childhood ;  and  a  very  close  correspondence 
may  be  traced,  between  the  gradual  development  of  the  Intelligence,  and 
the  j)rogTessive  acquirement  of  Volitional  dominance,  in  the  ascending 
series  of  Vertebrated  animals,  and  in  the  advance  of  Man  from  the  mental 
state  of  childhood  (which  is  permanently  retained,  as  to  all  its  essential 
characters,  in  many  adults,  and  even  in  whole  races  of  the  least  cultivated 
order)  to  the  highest  elevation  which  his  nature  is  capable  of  displaying, 
in  his  present  sphere  of  existence. — The  super-addition  of  these  more  ele- 
vated psychical  endowments  is  coincident  with  the  addition  of  a  peculiar 
ganglionic  centre,  the  Cerebrum,  to  the  automatic  apparatus  of  Vertebrated 
animals ;  and  the  relative  proportion  which,  this  bears  to  the  automatic 
centres,  both  as  to  size  and  complexity  of  structure,  corresponds  so  closely 
with  the  degree  of  predominance  which  the  Intelligence  and  Will  possess 
over  the  Instinctive  propensities,  that  it  is  scarcely  possible  to  doubt  that 
the  Cerebmm  is  the  instrument  through  which  these  higher  psychical 
powers  are  exercised.    Even  in  Man,  however,  the  Automatic  division 
of  the  Nei'vous  system  still  constitutes  its  fundamental  and  essential 
part;  for  not  only  is  it  the  instrument  of  all  those  actions  which  are 
directly  excited  by  sensations  or  impressions  derived  from  without,  many 
of  these  being  necessary  to  the  maintenance  of  his  organic  functions ;  but 
it  is  also  the  connecting  link  between  the  Cerebrum  and  the  external 
world.    For,  as  will  appear  hereafter,  the  Cerebrum  receives  all  its  sti- 
mulus to  action  through  the  sensorial  ganglia,  to  which  all  the  proper 
sensory  nerves  are  traceable ;  whilst,  on  the  other  hand,  in  carrying  into 
effect  the  mandates  of  the  will,  it  does  not  operate  directly  upon  the 
muscles,  but  affects  them  through  the  instrumentality  of  the  Automatic 
motor  apparatus. 

677.  The  dominant  character  of  the  Nervous  System  in  Vertebrated 
animals,  is  marked  by  the  subserviency  of  the  whole  organism  to  its 
pmi)oses.  In  a  large  proportion  of  the  Invertebrata,  the  Nervous 
system  seems  like  an  appendage  to  the  rest  of  the  structure,  a  mechanism 
superadded  for  the  sake  of  bringing  its  various  parts  into  more  advan- 
tageous relation ;  and  we  do  not  find  any  special  adaptation  of  tiie  oi'o-ans 
of  support  for  its  protection.    But  in  all  the  Vertebrated  classes^  we 
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find  that  the  internal  osseous  skeleton,  whose  existence  supplies  the  most 
distinctive  character  of  the  group,  is  adapted  not  merely  to  furnish  the 
most  complete  and  efficient  protection  to  the  Nervous  centres,  but  also 
to  afford  points  of  attachment  to  the  Muscles,  as  well  as  a  system  of 
inflexible  levers  on  which  they  may  exert  the  contractile  power  called  forth 
by  the  nerves;  so  that  the  development  of  the  neiu-o-skeleton  (thus 
designated  in  contradiction  to  the  dermo-skeleton)  has  a  constant  relation 
to  that  of  the  Nervo-muscular  apparatus.  This  is  most  remarkably  seen 
in  Man;  in  whom  the  'archetype'  or  fundamental  plan  of  the  Vertebral 
skeleton  is  most  departed-from,  in  order  that  it  may  be  adapted  to  his 
special  requirements.*  And  it  is  in  him,  too,  that  the  Nervous  system 
presents  the  greatest  proportionate  development,  and  that,  by  the  inti- 
mate connections  which  subsist  between  its  several  parts,  it  is  made  so 
far  to  constitute  one  whole,  that  the  determination  of  their  respective 
functions  is  attended  with  the  gi'eatest  difficulty.  It  has  been,  in  fact, 
through  the  too  exclusive  attention  commonly  paid  to  Human  Anatomy, 
that  the  meaning  of  the  facts  brought  to  light  by  dissection  has  been 
very  commonly  misapprehended;  and  that  many  of  the  physiological 
interpretations  based  u]3on  them,  have  been  completely  negatived  by  more 
extended  inquiry. — It  is  only,  in  fact,  by  studying  the  Cerebro-Spinal 
apparatus  in  its  lowest,  as  well  as  in  its  highest  form,  and  by  bringing  the 
intervening  grades  into  comparison  with  both  extremes,  that  it  is  possible 
to  establish  what  are  its  fundamental  or  essential,  and  what  its  accessory 
pai*ts ;  and  in  this  way  only  can  such  a  correspondence  be  established  be- 
tween the  development  of  a  particular  structure,  and  the  manifestation  of 
a  certain  psychical  endowment,  as  may  enable  the  latter  to  be  attributed 
with  any  degree  of  probability  to  the  former.  In  fact,  there  is  no  part 
of  the  Human  Organism,  as  to  which  the  advantages  of  such  a  compa- 
rison are  so  striking,  or  in  which  the  value  of  the  "  experiments  ready 
prepared  for  us  by  Nature  "  is  so  much  above  that  of  the  results  of  arti- 
ficial mutilations. 

678.  Under  the  guidance,  then,  of  these  principles,  we  find  that  we 
may  distinguish,  as  the  fundamental  part  of  the  Nervous  system  of  Man, 
the  Cranio-Spincd  Axis,  consisting  of  the  Spinal  Cord,  the  Medulla 
Oblongata,  and  the  Sensory  Ganglia,  and  altogether  constituting  the 
centre  of  automatic  movement. — The  Spinal  Cord,  consisting  of  a  tract 
of  vesicular  matter  enclosed  within  strands  of  longitudinal  fibres,  and 
giving-off  successive  pairs  of  intervertebral  nerves  which  are  connected 
at  their  roots  with  both  of  these  components,  is  obviously  homologous 
with  the  gangliated  ventral  column  of  the  Articulata,  differing  from  it 
only  in  the  continuity  of  the  ganglionic  substance  which  occupies  its 
interior  ;  and  each  segmental  division  of  it,  which  serves  as  the  centre  for 
its  own  pair  of  nerves,  may  be  considered,  like  each  ganglion  of  the  ven- 
tral column  of  the  Articulata,  as  a  repetition  of  the  single  'pedal'  or 
locomotive  ganglion  of  the  Mollusca.— The  Medulla  Oblongata  consists  of 
a  set  of  strands,  which  essentially  correspond  with  the  cords  that  pass 
round  the  oesophagus  in  Invertebrated  animals,  connecting  the  cephalic 
ganglia  with  the  first  sub-oesophageal  ganglion;  but  as  the  whole  cranio- 
spinal axis  in  the  Vertebrata  lies  above  the  alimentary  canal  (the  trunk 

*  See  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  $  32(5  k. 
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being  suiDposed  to  be  in  a  horizontal  position),  there  is  no  such  divergence 
of  these  strands,  the  only  separation  between  them  being  that  which  is 
known  as  the  'fourth  ventricle.'  Interposed  among  the  commissural 
fibres  of  the  Medulla  Oblongata,  however,  are  certain  collections  of  vesi- 
cular matter,  which  serve  as  the  ganglionic  centres  for  the  movements 
of  respiration  and  deglutition,  and  which  thus  correspond  with  the 
respiratory  and  stomato-gastric  ganglia  of  Invertebrated  animals.  This 
incorporation  of  so  many  distinct  centres  into  one  system,  would  seem 
destined  in  part  to  afford  to  all  of  them  the  protection  of  the  vertebral 
column ;  and  in  part  to  secure  that  consentaneousness  of  action  and  that 
ready  means  of  mutual  influence,  which  are  pecuharly  requisite  in  beings 
in  whom  the  activity  of  the  Nervous  system  is  so  predominant.  Thus 
the  close  connection  which  is  established  in  the  higher  Vertebrated 
animals,  between  the  respiratory  and  the  general  locomotive  apparatus,  is 
obviously  subservient  to  the  use  which  the  former  makes  of  the  latter  in 
the  performance  of  its  functions;  whilst,  on  the  other  hand,  the  control 
which  their  encephalic  centres  possess  over  the  actions  of  the  resjDiratory 
ganglia,  enables  the  will  to  regulate  the  inspiratory  and  expiratory  move- 
ments, in  the  manner  required  for  the  acts  of  vocalization.  —  Under 
the  term  Sensory  Ganglia  may  be  comprehended  that  assemblage  of  gan- 
glionic masses  lying  along  the  base  of  the  skull  in  Man,  and  partly 
included  in  the  Medulla  Oblongata,  in  which  the  nerves  of  the  '  special 
senses,'  Taste,  Hearing,  Sight,  and  Smell,  have  their  central  terminations  ; 
and  with  these  may  probably  be  associated  the  two  pairs  of  ganglionic 
bodies  known  as  the  Corpora  Striata  and  Thalami  Optici,  into  which  may 
be  traced  the  gi-eater  proportion  of  the  fibres  that  constitute  the  various 
strands  of  the  Medulla  Oblongata,  and  which  seem  to  stand  in  the  same 
kind  of  relation  to  the  nerves  of  Touch  or  '  common  sensation,'  that 
the  Olfactive,  Optic,  Auditory,  and  Gustative*  ganglia  bear  to  their  several 
nerve-trunks. 

679.  Now  it  is  not  a  little  interesting, .  that  this  Cranio-Spinal  axis, 
which  represents  in  Vertebrated  animals  the  whole  nervous  system  of  the 
Invertebrata  (with  the  exception  of  the '  rudiment  of  the  Sympathetic 
which  they  possess),  should  exist  in  the  lowest  known  Vertebrated  animal 
without  any  superaddition,  and  should  be  sufficient  for  the  performance 
of  all  its  actions.  Such  is  the  case  in  the  curious  Amphioxus*  which 
presents  not  the  slightest  trace  of  either  Cerebrum  or  Cerebellum,  and  in 
which  even  the  sensory  gangha  and  the  organs  of  special  sense  have  only 
a  rudimentary  existence ;  and,  in  which,  too,  the  spinal  cord  is  composed 
of  a  series  of  ganglia  that  are  obviously  distinct  from  each  other,  although 
in  close  approximation.  And  even  in  the  lower  Cyclostome  Fishes,  the 
condition  of  the  nervous  centres  is  very  little  above  this,  save  as  regards 
the  larger  development  of  the  sensory  ganglia.  This  condition  has  its 
parallel,  even  in  the  Human  species,  in  the  case  of  Infants  which  are 
occasionally  born  without  either' Cerebrum  or  Cerebellum;  such  have 
existed  for  several  hours  or  even  days,  breathing,  sucking,  crying,  and 
performing  various  other  movements;  and  there  is  no  physiological  rea- 
son why  their  lives  should  not  be  prolonged,  if  they  be  nurtm-ed  with 
suthcient  care  (§  373). 

*  "  Piinc.  of  Phys.,  Gen.  and  Comp.,"  $  321. 


G70 


OF  THE  FUNCTIONS  OF  THE  NERVOUS  SYSTEM. 


G80.  In  Man,  however,  as  in  all  the  higher  Vertebrata,  we  find  super- 
imposed (as  it  were)  upon  the  Sensory  ganglia,  and  constituting  the 
principal  mass  of  the  Encephalon,  the  bodies  which  are  known  as  the 
Cerebral  Hemispheres,  or  Hemisjoheric  Ganglia.    Now  when  these  are 

so  greatly  developed  as  to  cover-in  and  obscure  the 
Sensory  ganglia  to  the  degree  which  presents  itself 
in  Man,  it  is  not  surprising  that  the  fundamental 
importance  of  the  latter  should  not  be  generally  re- 
cognized ;  in  Fishes,  however,  the  proportion  between 
the  two  sets  of  centres  is  entirely  reversed,  the  rudi- 
ments of  the  Cerebral  Hemispheres  (Fig.  128,  b) 
being  usually  inferior  in  size  to  the  Optic  ganglia 
(c)  alone.  Indeed,  of  the  pair  of  ganglionic  masses 
to  which  that  designation  is  usually  applied,  it  may 
be  almost  positively  stated  that  the  greater  part  is 
homologous  with  the  Corpora  Striata  of  the  Human 
brain;  it  being  only  in  the  higher  Cartilaginous 
fishes  that  a  ventricular  cavity  exists  in  each  of 
these  bodies,  sepai'ating  the  thin  layer  of  true  Cere- 
bral substance  which  overlies  it,  from  the  gangliouic 
mass  which  forms  its  floor.  Between  these  two  ex- 
tremes, a  regular  gradation  is  presented  in  the  inter- 
mediate tribes. — Now  it  is  a  point  especially  wortliy 
of  note,  that  no  sensory  nerves  terminate  directly 
'  in  the  Cerebrum,  nor  do  any  motor  nerves  issue 

Brain  of  Cod;— A,  oifac-  fvom  it:  aiid  there  seems  a  strong  probability  that 

tive  ganglia;    b,  cerebral  .-'  „  ^  t  1 

lobes;  c,  optic  ganglia;  d,  there  IS  uot,  as  formerly  supposed,  a  direct  cou- 
ccrebeiium.  tiuuity  between  any  or  all  of  the  nerve-fibres,  dis- 

tributed to  the  body,  and  the  medullary  substance  of  the  Cerebrum. 
For  whilst  the  nerves  of  'special'  sense  have  their  own  gangliouic 
centres,  it  cannot  be  shown  that  the  nervous  fibres  of  'general'  sense 
which  either  enter  the  cranium  as  part  of  the  cephalic  nerves,  or  which 
l^ass  up  from  the  S^Dinal  cord,  have  any  higher  destination  than  the 
Thalarai  Optici.  So  the  motor  fibres  which  pass  forth  from  the  cranium 
either  into  the  cephalic  nerve-trunks  or  into  the  motor  columns  of  the 
Spinal  cord,  cannot  be  certainly  said  to  have  a  higher  origin  than  the 
Corpora  Striata.  And  we  shall  find  strong  physiological  ground  for  the 
belief,  that  the  Cerebrum  has  no  communication  with  the  external  world, 
otherwise  than  by  the  Sensori-motor  apparatus  which  ministers  to  the 
automatic  actions;  and.  that  even  the  movements  which  are  usually 
designated  as  '  voluntary'  ai'e  only  so  as  regards  then-  original  soiu-ce,  the 
power  which  calls  the  muscles  into  contraction  being  even  then  immedi- 
ately derived  from  the  Cranio-Spinal  axis,  as  it  is  in  the  purely  automatic 
movements  excited  by  an  external  imj)ression. 

681.  Wherever  a  Cerebrum  is  superimposed  upon  the  Sensory  Gauglia, 
we  find  another  ganglionic  mass,  the  Cerebellum,  superimposed  upon  the 
Medulla  Oblongata.  The  development  of  this  organ  bears  a  genei-al,  but 
by  no  means  a  constant  relation  to  that  of  the  Cerebrum;  for  in  the 
lowest  Fishes  it  is  a  thin  lamina  of  nervous  matter  on  the  median  Imc, 
only  partially  CO vering-in  the  'fourth  ventricle;'  whilst  in  the  higher 
Mammalia,  as  in  Man,  it  is  a  mass  of  considerable  size,  having  two  lateral 
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obes  or  liemispheres  in  addition  to  its  central  portion.    The  direct  com- 
lumication  which  the  Cerebellum  has  with  both  columns  of  the  Spinal 
.  ird,  and  the  comparatively  slight  commissural  connection  which  it 
ossesses  with  the  higher  portions  of  the  Encephalic  centres,  justify  the 
ippositiou  that  it  is  rather  concerned  in  the  regulation  and  co-ordination 
;)f  the  actions  of  the  former,  than  in  any  proper  psychical  operations ; 
lid  it  will  hereafter  be  shown  that  the  evidence  afforded  by  Comparative 
Anatomy,  by  Experimental  inquiry,  and  by  Pathological  observation,  all 
'  cuds  to  support  this  view  of  its  function. 

682.  Now  although  eveiy  segment  of  the  Spinal  Cord  and  every  one 
the  Sensory  Ganglia,  may  be .  considered,  in  common  with  the  Cere- 
I  irum,  as  a  true  and  independent  centre  of  nervous  power,  yet  this  inde- 
pendence is  only  manifested  when  these  organs  are  separated  from  each 
other,  either  structm-ally — by  actual  division,  or  functionally — by  the 
suspension  of  the  activity  of  other  parts.    In  their  state  of  perfect  in 
legrity  and  complete  functional  activity,  they  are  all  (at  least  in  Man)  in 
ich  subordination  to  the  Cerebrum,  that  they  only  minister  to  its  actions, 
.^cept  in  so  far  as  they  are  subservient  to  the  maintenance  of  the  organic 
functions,  as  in  the  automatic  acts  of  breathing  and  swallowing.  With 
regai'd  to  every  other  action,  the  Will,  if  it  possess  its  due  predominance, 
can  exercise  a  determining  power ;  keeping  in  check  every  automatic 
impulse,  and  even  repressing  the  promptings  of  emotional  excitement. 
And  this  seems  to  result  from  the  peculiar  arrangement  of  the  nervous 
;  apparatus;  which  causes  the  exciter  impression  to  travel  in  the  upward 
direction,  if  it  meet  with  no  interruption,  until  it  reaches  the  Cerebrum, 
y  without  exciting  any  reflex  movements  in  its  course.    When  it  arrives  at 
t  the  Seusorium,  it  makes  an  impression  on  the  consciousness  of  the  indi- 
'  vidual,  and  thus  gives  rise  to  a  sensation  ;  and  the  change  thus  induced, 
I  being  fm-ther  propagated  from  the  sensory  ganglia  to  the  Cerebrum,  be- 
(  comes  the  occasion  of  the  formation  of  an  idea.    If  with  this  idea  any 
j  pleasurable  or  painful  feeling  should  be  associated,  it  assumes  the  charac- 
I  ter  of  an  emotion;  and  either  as  a  simple  or  as  an  emotional  idea,  it 
I  becomes  the  subject  of  intellectual  operations,  whose  final  issue  is  in  a 
volitional  determination,  or  act  of  the  Will,  which  may  be  exerted  in  pro- 
ducing or  checking  a  muscular  movement,  or  in  controlling  or  directing 
the  current  of  thought. 

68.3.  But  if  this  ordinary  upward  course  be  anywhere  interrupted,  the 
impression  will  then  exert  its  power  in  a  transverse  direction,  and  a 
*  reflex '  action  will  be  the  result,  the  nature  of  this  being  dependent  upon 
the  jDart  of  the  Cercbro-Spinal  axis  at  which  its  ascent  had  been  checked. 
Thus  if  the  interruption  be  produced  by  division  or  injury  of  the  Spinal 
Cord,  so  that  its  lower  part  is  cut-off  from  communication  with  the  ence- 
phalic centres,  this  portion  then  acts  as  an  independent  centre,  and  im- 
pressions made  upon  it  through  the  afferent  nein^es  proceeding  to  it  from 
the  lower  extremities,  excite  violent  reflex  movements,  which,  being  thus 
produced  without  sensation,  are  designated  as  'excito-motor.' — So,  again, 
if  the  impression  shoidd  be  conveyed  to  the  Sensorium,  but  should  be 
prevented  by  the  removal  of  the  Cerebrum,  or  by  its  state  of  functional 
inaction,  or  by  the  direction  of  its  activity  into  some  other  channel,  from 
calling  fi^rtli  idetus  through  its  instrumentality,  they  may  react  upon  the 
motor  apparatus  by  the  '  reflex '  power  of  the  Sensory  ganglia  themselves ; 
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as  seems  to  be  the  case  with  regard  to  those  locomotive  actions  which 
are  maintained  and  guided  by  sensations  dm-ing  states  of  profound  abs- 
traction, when  the  attention  of  the  individual  is  so  completely  concen- 
trated upon  his  own  train  of  thought,  that  he  does  not  perceive  external 
objects,  although  his  movemciats  are  obviously  guided  through  the  visual 
and  tactile  senses.  Such  actions,  being  dependent  ujDon  the  prompting  of 
sensations,  are  ' sensori-motor '  or  'consensual.'  —  But  further,  there  is 
evidence  that  even  the  Cerebrum  may  respond  (as  it  were)  automatically 
to  impressions  fitted  to  excite  it  to  '  reflex'  action,  when  from  any  cause  the 
Will  is  in  abeyance,  and  its  power  cannot  be  exerted  either  over  tlie 
muscular  system  or  over  the  direction  of  the  thoughts.  Thus  in  the 
states  of  Dreaming,  Somnambulism,  and  even  Reverie,  whether  spontaneous 
or  artificially  induced  (Sect.  7),  ideas  Avhich  take  possession  of  the  mind, 
and  from  which  it  cannot  free  itself,  may  excite  respondent  movements  ; 
and  this  may  happen  also  when  the  force  of  the  idea  is  morbidly  exag- 
gerated, and  the  will  is  not  suspended  but  merely  weakened,  as  in  many 
forms  of  Insanity.  With  these  ideas,  moreover.  Emotional  states  may  be 
mixed-up,  and  even  Intellectual  processes  may  be  prompted  by  them ;  so 
long,  however,  as  these  psychical  operations  take  place  at  the  mere  sug- 
yestion  of  antecedent  impressions  (the  particular  changes  which  these 
suggestions  excite  being  determined  by  the  mental  constitu.tion  and  habits 
of  thought  of  the  individual),  so  long  must  the  actions  proceeding  from 
them  be  considered  as  manifestations  of  the  '  reflex '  power  of  the  Cere- 
brum, and  consequently  as  no  less  automatic  in  their  chai'acter,  than  are 
those  which  result  from  the  reflex  power  of  the  Cranio-Sj^inal  axis. 
Those  actions  which  pi'oceed  from  simple  ideas,  without  any  excitement  of 
feeling,  may  be  designated  as  ideo-motor  ;  whilst  those  which  spring  from 
a  passion  or  emotion  may  be  termed  emotional.  The  automatic  natm-e  of 
the  purely  emotional  actions  can  scarcely  be  denied ;  when  the  passions 
are  strongly  excited,  their  impulses  even  acquire  the  mastery  over  the 
strongest  exertion  of  the  Will  j  and  it  is  in  individuals  in  whom  the 
habitual  control  of  the  AVill  is  the  weakest,  that  we  observe  the  emotions 
to  act  most  powerfully  on  the  bodily  frame. 

G84.  The  dominant  power  of  the  Will,  not  only  over  every  act  of  the 
nervo-muscidar  apparatus  which  is  not  immediately  concerned  in  the 
maintenance  of  the  vital  functions,  but  over  the  course  of  pui'ely  psy- 
chical action,  is  probably  the  most  distinctive  attribute  of  the  Human 
mind  in  its  highest  phase  of  development ;  and  it  is  that  which  gives  to 
each  individual  the  freedom  of  action,  which  every  one  is  conscious  to 
himself  that  he  is  capable  of  exerting.  Notwithstanding  the  evidences  of 
rationality  which  many  of  the  lower  animals  present,  and  the  manifesta- 
tions which  they  display  of  emotions  that  are  similar  to  our  own,  there  is 
no  ground  to  believe  that  they  have  any  of  that  controlling  power  over 
their  psychical  operations  which  we  possess ;  on  the  contrary,  all  observa- 
tion seems  to  lead  to  the  Conclusion,  that  they  are  under  the  complete 
domination  of  the  ideas  and  emotions  by  which  they  are  for  the  time 
possessed,  and  have  no  power  either  of  repressing  these  by  a  forcible  act 
of  Will,  or  of  tm-ning  the  attention,  by  a  like  voluntary  efibrt,  into 
another  channel.  In  this  respect,  then,  their  condition  resembles  that  of 
the  dreamer,  the  somnambule,  or  the  insane  patient,  in  all  of  whom  this 
voluntary  control  is  suspended,  and  who  (when  their  minds  are  suscept- 
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ible  of  external  impressions)  may  be  so  '  played-upon '  by  the  suggestion 
of  ideas,  that  any  respondent  action  consistent  with  the  habitual  mental 
state  of  the  individual,  may  be  evoked  by  an  appropriate  stimulus  ;  just  as 
we  -see  in  the  case  of  animals  that  are  trained  to  the  performance  of  par- 
ticular sets  of  movements,  which  are  executed  in  respondence  to  certain 
promptings  conveyed  to  them  through  their  sensorium.  Now  between 
the  comjSlete  want  of  this  controlling  power  of  the  Will,  and  the  most 
perfect  possession  of  it,  every  intermediate  gradation  is  presented  by  the 
several  individuals  which  make  up  the  Human  species;  some  persons 
being  so  much  accustomed,  in  consequence  of  the  weakness  of  their  Will, 
to  act  directly  upon  intellectual  or  emotional  suggestions,  that  they  can 
scarcely  be  said  to  be  voluntary  agents;  and  others  allowing  certain 
dominant  ideas  or  habitual  feelings  to  gain  such  a  mastery  over  them,  as  to 
exercise  that  determining  power  which  the  Will  alone  ought  to  exert. 
This  gradation  may  be  perfectly  traced  in  childi-en,  in  whose  education 
the  development  of  the  faculty  of  'self-control'  should  be  a  leading 
object;  and  it  is  also  displayed  in  some  of  those  phases  of  mental 
Imbecility,  which  result  from  a  deficiency  of  the  power  of  fixing  the 
attention  upon  any  object  of  consciousness,  and  of  withdrawing  it  from 
external  objects  that  tend  to  distract  the  mind  by  suggesting  new  ideas 
and  trains  of  thought.  On  this  power  of  self-direction,  indeed,  all  the 
higher  developments  of  intellectual  power  almost  essentially  depend ;  and 
we  shall  hereafter  see  how  largely  it  is  concerned  in  that  progressive 
exaltation  of  the  Moral  nature,  which,  even  more  than  Intellectual 
capacity,  tends  to  bring  the  Human  soul  into  relation  with  its  Creator. 

685.  This  directing  power  of  the  Will  seems  to  be  most  strongly 
exerted,  however,  over  those  actions  which  are  most  closely  connected 
with  psychical  changes,  and  which  are  exclusively  Cerebral  in  their  seat. 
It  has  been  already  pointed-out,  that  the  Cranio-spinal  axis  not  merely  serves 
as  the  channel  for  the  reception  of  the  impressions  which  excite  the 
activity  of  the  Hemispheric  ganglia,  and  as  the  instrument  whereby  the 
results  of  their  operation  are  brought  to  bear  upon  the  muscular  system; 
but  that  it  is  also  the  centre  of  reflexion  through  which  various  automatic 
movements  are  called  forth,  that  are  immediately  concerned  in  the  main- 
tenance of  the  organic  functions.    The  impressions  which  excite  these 
movements,  do  not  in  general  pass-on  to  the  Cerebrum ;  for  we  only  per- 
ceive them  when  we  specially  direct  our  attention  to  them,  or  when  they 
exist  in  unusual  potency.    Thus  we  are  unconscious  of  the  'besoin  de 
respirer '  by  which  om*  ordinary  movements  of  respiration  are  prompted ; 
and  it  is  only  when  we  have  refi-ained  from  breathing  for  a  few  seconds, 
that  we  experience  a  sensation  of  uneasiness  which  impels  us  to  make 
forcible  efforts  for  its  relief    Notwithstanding,  however,  that  the  Cere- 
brum is  thus  unconcerned  in  the  ordinary  performance  of  these  automatic 
movements,  yet  it  can  exert  a  certain  degi*ee  of  control  over  many  of 
them,  so  as  even  to  suspend  them  for  a  time ;  but  in  no  instance  can  it 
cany  this  suspension  to  such  an  extent,  as  seriously  to  disarrange  the 
organic  functions;  thus,  when  we  have  voluntarily  refrained  from  breath- 
ing for  a  few  seconds,  the  inspiratory  impulse  so  rapidly  increases  in 
strength  with  the  continuance  of  the  suspension,  that  it  at  last  overcomes 
the  most  powerful  effort  we  can  make  for  the  repression  of  the  move- 
ments to  which  it  prompts.    Now  in  this  and  similar  cases,  it  would 
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seem  as  if  the  Will  interfered  to  prevent  that  direct  transverse  passage  of 
the  stimulus  from  the  afferent  to  the  efferent  nerves,  through  the  Cranio- 
spinal axis,  which  constitutes  the  ordinary  line  of  action  for  impres- 
sions having  their  origin  in  the  necessities  of  the  organic  or  vegeta- 
tive life  of  the  individual.  That  the  Will  should  have  a  certain  degi'ee 
of  control  over  these  movements,  is  necessary  in  order  that  they  may  be 
rendered  subservient  to  various  actions  which  are  necessary  for  the  due 
exercise  of  Man's  psychical  powers;  but  that  they  should  not  be  left 
dependent  upon  its  exercise,  and  should  even  be  executed  in  opposition  to 
it,  when  the  wants  of  the  system  imj)eratively  demand  their  performance, 
constitutes  a  wise  provision  for  secm-ing  Life  against  the  chances  of  inat- 
tention or  momentary  caprice. 

686.  The  general  views  here  put  forth  in  regard  to  the  independent 
and  connected  actions  of  the  several  primary  divisions  of  the  Cerebro- 
spinal apparatus,  may  perhaps  be  rendered  more  intelhgible  by  the  follow- 
ing Table,  which  is  intended  to  represent  the  ordinary  course  of  operation 
when  the  whole  is  in  a  state  of  complete  functional  activity  (§  682), 
and  the  character  of  the  '  reflex  '  actions  to  which  each  part  is  subservient, 
when  it  is  the  highest  centre  tliat  the  impression  can  reach  (§  683). 
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Emotions 
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Sensations- 


Sensory  Ganglia- 


t 


centre  of  sensori-motor  reflection 


Impressions . 


-^Spinal  Cord. 


 y 
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"  Motor  Impulse. 


687.  Having  thus  considered  the  principal  attributes  of  the  ganglionic 
centres  of  the  Cerebro-Spinal  system,  we  have  next  to  inquire  into  those 
of  the  nerve-trunks  which  are  connected  with  them. — It  is  only  in  the 
Vertebrata,  that  the  difference  between  the  afferent  and  efferent  fibres  of 
the  nerves,  has  been  satisfactorily  determined.  The  merit  of  this  dis- 
covery is  almost  entirely  due  to  Sir  C.  Bell,  who  was  led  to  it  by  a  chain 
of  reasoning  of  a  highly  philosophical  character ;  and  although  his  first 
experiments  on  the  Spinal  nerves  were  not  satisfactory,  he  virtually  deter- 
mined the  respective  functions  of  their  two  roots,  by  experiments  and 
pathological  observations  upon  the  cranial  nerves,  some  of  which  contain 
only  one  class  of  fibres  to  the  exclusion  of  the  other,  before  any  other 


GENERAL  SUMMARY. 


675 


physiologist  came  into  the  field.*  Subsequently  his  general  views  were 
confirmed  by  the  very  decided  experiments  of  Miiller;  but  until  very  re- 
cently, some  obscurity  hung  over  a  portion  of  the  phenomena.  It  was 
from  the  first  maintained  by  Magendie,  and  has  been  subsequently  asserted 
by  other  physiologists,  that  the  anterior  and  posterior  roots  of  the  nerves 
were  hoth  concerned  in  the  reception  of  impressions  and  in  the  produc- 
tion of  motions;  for  that,  when  the  anterior  roots  were  touched,  the 
animal  gave  signs  of  pain,  at  the  same  time  that  convulsive  movements 
were  performed :  and  that,  on  touching  the  posterior  roots,  not  only  the 
sensibility  of  the  animal  seemed  to  be  affected,  but  muscular  motions 
were  excited.  These  physiologists  were  not  willing,  therefore,  to  admit 
more,  than  that  the  anterior  roots  were  especially  motor,  and  the  posterior 
especially  sensoiy.  But  the  knowledge  we  now  possess  of  the  reflex  func- 
tion of  the  Spinal  Cord,  enables  the  latter  portion  of  these  phenomena  to 
be  easily  explained.  The  motions  excited  by  irritating  the  posterior  roots 
are  found  to  be  entirely  dependent  upon  their  connection  with  the  Spinal 
Cord,  and  upon  the  integrity  of  the  anterior  roots  and  of  the  trunks  into 
which  they  enter ;  whilst  they  are  not  checked  by  the  separation  of  the 
posterior  roots  from  the  peripheral  portion  of  the  trunk :  it  is  evident, 
therefore,  that  excitation  of  the  posterior  roots  does  not  act  immediately 
upon  the  muscles  through  the  trunk  of  the  nerve,  which  they  contribute 
to  form ;  but  that  it  excites  a  motor  impulse  in  the  Spinal  Cord,  which  is 
propagated  through  the  anterior  roots  to  the  periphery  of  the  system. 
The  converse  phenomenon,  the  apparent  sensibility  of  the  anterior  roots, 
has  been  explained  by  the  experiments  of  Dr.  Kronenberg,t  which  seem 
to  prove,  that  it  is  dependent  upon  a  branch  from  the  posterior  roots 
passing  into  the  anterior  roots  at  their  point  of  inosculation,  and  then 
directing  itself  towards  the  cord  (§  692). 

688.  Every  fibre,  there  is  reason  to  b'elreve,  runs  a  distinct  course 
between  the  central  organ,  in  which  it  loses  itself  at  one  extremity,  and 
the  muscle  or  organ  of  sense  in  which  it  terminates  at  the  other.  Each 
nervous  trunk  is  made  up  of  several  fasciculi  of  these  fibres;  and  each 
fasciculus  is  composed  of  a  large  number  of  the  ultimate  fibres  themselves. 
Although  the  fasciculi  occasionally  intermix  and  exchange  fibres  with  one 
another  (as  occurs  in  what  is  termed  a  plexus),  the  fibres  themselves  never 
inosculate.  Each  fibre  would  seem,  therefore,  to  have  its  appropriate 
office,  which  it  cannot  share  with  another. — Several  objects  appear  to  be 
attained  by  the  plexiform  aiTangement.  In  some  instances  it  serves  to 
inteiToix  fibres,  which  have  endowments  fundamentally  difierent;  for  ex- 
ample, the  Spinal  Accessory  nerve,  at  its  origin,  appears  to  be  exclusively 
motor,  and  the  roots  of  the  Pneumogastric  to  be  as  exclusively  afferent  • 
but  by  the  early  admixture  of  these,  a  large  number  of  motor  fibres  are 
imparted  to  the  Pneumogastric,  and  are  distributed  in  variable  proportion, 
with  its  different  branches ;  whilst  few  of  its  sensory  filaments  seem  to  enter 
the  Spinal  Accessory. — In  other  instances,  the  object  of  a  plexus  appears 
to  be,  to  give  a  more  advantageous  distribution  to  fibres,  which  all  possess 
coiTcsponding  endowments.  Thus  the  brachial  plexus  mixes  together  the 
fibres  arising  from  five  segments  of  the  spinal  cord,  and  sends  off"  five 

•  See  "  Brit,  and  Foreign  Med.  Review,"  vol.  ix;  p.  140,  &c, 

t  "  MUller's  Archiv.,"  1839,  Heft  v.;  and  "  Brit,  and  For.  Med.  Rev.,"  vol.  ix.  p.  547. 
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principal  trunks  to  supply  the  arm.  Now  if  each  of  these  trunks  had 
arisen  by  itself,  from  a  distinct  segment  of  the  spinal  cord,  so  that  tlie 
parts  on  which  it  is  distributed  had  only  a  single  connection  with  the 
nervous  centres,  they  would  have  been  much  more  hable  to  paralysis  than 
at  present.  By  means  of  the  plexus,  every  part  is  supplied  with  fibres 
arising  from  each  segment  of  the  spinal  cord;  and  the  functions  of  the 
whole  must  therefore  be  suspended,  before  complete  pai'alysis  of  any  part 
can  occur  from  a  cause  which  operates  above  the  plexus.  Such  a  view  is 
borne  out  by  direct  experiment ;  for  it  has  been  ascertained  by  Panizza 
that,  in  Frogs,  whose  crm'al  plexus  is  much  less  complicated  than  that  of 
Mammalia,  section  of  the  roots  of  one  of  the  three  nerves  which  enter  into 
it,  produces  little  effect  on  the  general  movements  of  the  limb ;  and  that, 
even  when  two  are  divided,  there  is  no  paralysis  of  any  of  its  actions,  all 
being  weakened  in  a  nearly  similar  degree. — But  as  Dr.  Gull  has  pointed 
out,*  one  use  of  such  a  plexus  as  the  brachial  or  the  crural  appears  to  be,  to 
bring  the  muscles  wliich  derive  their  nervous  supply  from  it,  into  relation 
with  different  ganglionic  segments  of  the  Spinal  Cord ;  each  of  which  may 
exert  a  diverse  action,  either  in  vh'tue  of  its  own  endowments,  or  of  the 
influence  of  the  will  upon  it;  so  that  groups  of  muscles  may  thus  be 
associated  for  combined  actions.  All  consideration  of  the  mode  in  which 
we  make  use  of  our  muscles,  and  of  the  power  which  we  have  over  them, 
leads  to  the  conclusion  that  each  ganglionic  centre  has  a  specific  and 
limited  sphere  of  influence,  producing  certain  movements  and  no  others; 
hence  for  the  execiition  of  a  variety  of  movements  in  harmonious  combi- 
nation Avith  each  other,  it  seems  requisite  that  the  nen'^oiis  supply  of  each 
muscle  should  be  derived  from  several  different  centres ;  and  thus  it  is 
that  the  complication  of  plexuses  comes  to  be  related  to  the  variety  of 
movements  of  the  parts  su2:)plied  through  them. — It  is  not  a  httle  in- 
teresting to  remai'k,  that  aiTangements  of  a  similar  kind  should  present 
themselves  among  the  higher  Invertebrata.  Tlius,  in  Hymenopterous 
Insects  (as  first  pointed  out  by  Mr.  Newport),  there  is  a  plexiform  inter- 
lacement between  the  nerves  of  the  anterior  and  of  the  posterior  pairs  of 
wings,  which  act  very  powerfully  together ;  whilst  in  the  Coleoptera,  in 
which  the  anterior  wings  are  converted  into  elytra,  and  are  motionless 
dm-ing  flight,  the  nerves  supplying  each  pair  run  their  course  distinctly. 
In  the  Octopus,  or  Povdp,  again,  the  trunks  which  radiate  from  the 
cephalic  mass  to  the  eight  large  arms  surrounding  the  head,  ai-e  con- 
nected by  a  circular  band,  forming  a  kind  of  plexus,  which  seems  to 
contribute  to  the  very  powerful  and  harmonious  movements  of  the  ai-ms 
of  this  Cephalopod. 

689.  The  following  statements,  in  which  the  doctrines  of  Prof  Miillert 
are  adopted  with  some  modifications  and  additions,  embody  the  general 
principles  ascertained  by  experiment,  respecting  the  transmission  of  sen- 
sory and  motor  impressions  along  the  nerves  which  respectively  minister 
to  them.  Their  rationale  will  be  at  once  understood,  from  the  focts 
already  mentioned  in  regard  to  the  isolated  character  of  each  fibril,  and 
the  identity  of  its  endowments  through  its  whole  course. 

I.  When  the  whole  trunk  of  a  sensory  nerve  is  irritated,  a  sensation  is 

*  '  Gulstonian  Lectures  on  the  NervDus  System,'  in  "  Medical  Times,"  184.0,  p.  372. 
+  "  Elements  of  Physiology,"  translated  by  Dr.  Baly  ;  pp.  680,  686. 


GENERAL  SUMMARY. 


677 


produced,  which  is  referred  by  the  mind  to  the  parts  to  which  its  branches 
are  ultimately  distributed ;  and  if  only  part  of  the  trunk  be  irritated,  the 
sensation  will  be  referred  to  those  parts  only,  which  are  supplied  by  the 
fibrils  it  contains.  This  is  evidently  caused  by  the  production  of  a  change 
in  the  sensorium,  corresponding  with  that  which  would  have  been  trans- 
mitted fi-om  the  peripheral  origins  of  the  nerves,  had  the  impression  been 
made  upon  them.  Such  a  change  only  requires  the  integrity  of  the 
afferent  trunk,  between  the  point  irritated  and  the  sensorium,  and  is  not 
at  all  dependent  upon  the  state  of  the  peripheral  part  to  which  the  sen- 
sations are  refeiTed ;  for  this  may  have  been  paralysed  by  the  division  or 
other  lesion  of  the  nerve,  or  may  have  been  altogether  separated  as  in  am- 
putation, or  the  relative  position  of  its  parts  may  have  been  changed  as 
in  autoplastic  operations.  So,  when  different  parts  of  the  thickness  of  the 
same  trunk  are  separately  and  successively  irritated,  the  sensations  are 
successively  refen-ed  to  the  several  parts  supplied  by  these  divisions.  This 
may  be  easily  shown  by  compressing  the  ulnar  nerve  in  different  direc- 
tions, where  it  passes  at  the  inner  side  of  the  elbow-joint. — Still  the  mind 
undoubtedly  does  possess  a  certain  power  of  discriminating  the  part  of 
the  nerve-trunk  on  which  the  impression  is  made ;  for  whilst  this  impres- 
sion is  such  as  to  produce  sensations  that  are  referred  to  its  peripheral 
extremities,  pain  is  at  the  same  time  felt  in  the  spot  itself;  and  it  would 
seem  as  if  slight  impressions  are  only  felt  in  the  latter  situation,  at  least 
in  the  normal  condition  of  the  trank  or  fibre.  Thus,  as  it  has  been  well 
remarked  by  Volkmann,  "if  a  needle's  point  be  drawn  in  a  straight  line 
across  the  back,  or  the  thigh,  or  any  part  in  which  the  nerves  are  widely 
placed,  the  mind  perceives  the  line  of  irritation  as  a  straight  one; 
whereas,  if  it  refeiTed  all  impressions  to  the  ends  of  irritated  fibres,  this 
mode  of  in-itation  should  be  felt  in  sensations  variously  scattered  about 
the  line,  at  the  points  where  the  nerve-fibres  crossed  by  the  needle  ter- 
minate." * 

II.  The  sensation  produced  by  irritation  of  a  branch  of  the  nerve,  is 
confined  to  the  parts  to  which  that  branch  is  distributed,  and  does  not 
affect  the  branches  which  come  off  from  the  nerve  higher  up.  The  ra- 
tionale of  this  law  is  at  once  intelligible :  but  it  should  be  mentioned 
that  there  ai*e  certain  conditions,  in  which  the  irritation  of  a  single  nerve 
will  give  rise  to  sensations  over  a  great  extent  of  the  body.  This  'radia- 
tion of  sensations'  seems  rather  due,  however,  to  a  particular  state  of 
the  central  organs,  than  to  any  direct  communication  among  the  sensory 
fibres. 

III.  The  motor  influence  is  propagated  only  in  a  centrifugal  direction, 
never  in  a  retrograde  course.  It  may  originate  in  a  spontaneous  change 
in  the  central  organs,  or  it  may  be  excited  by  an  impression  conveyed  to 
them  through  afferent  nei*ves,  but  in  both  cases  its  law  is  the  same. 

IV.  When  the  whole  trunk  of  a  motor  nerve  is  irritated,  all  the  muscles 
which  it  supplies  are  caused  to  contract.  This  contraction  evidently 
results  from  the  similarity  between  the  effect  of  an  artificial  stimulus 
applied  to  the  trunk  in  its  course,  and  that  of  the  change  in  the  central 

*  "  Kirkes  and  Pagct's  Handbook  of  Physiology,"  p.  .375.— It  docs  not  seem  improbable, 
however,  that  in  the  case  of  the  compression  or  other  irritation  of  a  large  nerve-trunk,  the 
local  pain  may  be  produced  through  the  instrumentality  of  ncrvi  nervorum,  the  existence  of 
■which  is  scarcely  less  probable  than  that  of  vasa  vasoriim. 
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organs  by  which  the  motor  influence  is  ordinarily  propagated.  But  when 
only  a  part  of  the  trunk  or  a  branch  is  irritated,  the  contraction  is  usu- 
ally confined  to  the  muscles  which  receive  their  nervous  fibres  from  it ; 
in  this  instance,  as  in  the  other,  there  is  no  lateral  communication  be- 
tween the  fibrils.  An  exception  exists,  however,  in  regard  to  galvanic 
irritation,  which  may  be  transmitted  laterally  when  its  ordinary  course  is 
checked  ;  as  has  been  shown  by  the  following  ingenious  experiment  of 
M.  du  Bois-Reymond.  If  any  motor  nerve  be  selected  which  divaricates 
into  two  branches  (as,  for  example,  the  sciatic  nerve  of  a  frog,  which 
divides  above  the  bend  of  the  knee  into  the  tibial  and  peroneal  branches), 
and  a  galvanic  stimulus  be  applied  to  either  of  these  branches,  this  having 
been  first  divided  above  its  insertion  into  the  muscles,  the  electrotonic 
state  will  be  developed,  not  merely  in  the  portion  of  the  trunk  continu- 
ous with  that  branch,  but  also  in  that  which  is  continuous  with  the  other 
branch,  as  will  be  made  apparent  by  the  contraction  in  the  muscles  sup- 
j)lied  by  the  latter.  That  this  experiment  may  be  free  from  the  possible 
fallacy  resulting  from  the  excitement  of  reflex  action  ;  the  trunk  of  the 
sciatic  nerve  shoidd  be  divided  high  up,  or  the  spinal  cord  be  destroyed. 

690.  Various  methods  of  determining  the  functions  of  particular  neiwes 
present  themselves  to  the  Physiological  inqinrer. — One  source  of  evidence 
is  drawn  from  their  2)eripheral  distrihution.  For  example,  if  a  nervous 
trunk  is  found  to  lose  itself  entirely  in  the  substance  of  Muscles,  it  may 
be  inferred  to  be  chiefly,  if  not  entirely,  motor  or  efferent.  In  this 
manner,  Willis  long  ago  determined  that  the  Third,  Fourth,  Sixth,  Portio 
dura  of  the  Seventh,  and  Ninth  cranial  nerves,  are  almost  entirely  sub- 
servient to  muscular  movement;  and  the  same  had  been  observed  of  the 
fibres  proceeding  from  the  small  root  of  the  Fifth  pair,  before  Sir  C.  Bell 
experimentally  determined  the  double  function  of  that  di-\dsion  of  the 
nerve  into  which  alone  it  enters.  Again,  where  a  nerve  passes  through 
the  muscles,  with  little  or  no  ramification  among  them,  and  proceeds  to  a 
Cutaneous  or  Mucous  sui'face,  on  which  its  branches  are  minutely  distri- 
buted, there  is  equal  reason  to  believe  that  it  is  of  a  sensory,  or  rather  of 
an  afferent,  character.  In  this  manner  Willis  came  to  the  conclusion, 
that  "the  Fifth  pair  of  cranial  nerves  differs  from  those  previously  men- 
tioned, in  being  partly  sensory.  Fur-ther,  where  a  nerve  is  entirely 
distributed  upon  a  surface  adapted  to  receive  impressions  of  a  s2oecial 
kind,  as  the  Schneiderian  membrane,  the  retina,  or  the  membrane  Hning 
the  internal  ear,  it  may  be  infen-ed  that  it  is  not  capable  of  transmitting 
any  other  kind  of  impressions;  for  experiment  has  shown,  that  the  special 
sensory  nerves  do  not  possess  common  sensibility.  The  case  is  different, 
however,  in  regard  to  the  sense  of  taste,  which  originates  in  impressions 
not  far  removed  from  those  of  ordinary  touch ;  and  it  is  probable  that  the 
same  nerves  minister  to  both. — Anatomical  evidence  of  this  kind,  is  valu- 
able also,  not  only  in  reference  to  the  functions  of  a  principal  trunk,  but 
even  as  to  those  of  its  several  branches,  which,  in  some  instances,  ^  differ 
considerably.  Thus,  some  of  the  branches  of  the  Pneumogastric  are 
especially  motor,  and  others  almost  exclusively  afferent ;  and  anatomical 
examination,  carefully  prosecuted,  not  only  assigns  the  reasons  for  these 
functions,  when  ascertained,  but  is  in  itself  nearly  sufficient  to  determme 
them.  For  the  superior  laryngeal  branch  is  distributed  almost  entirely 
upon  the  mucous  surface  of  the  larynx,  the  only  muscle  it  supplies  bonig 
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tlie  crico-thyroid ;  whilst  the  inferior  laryngeal  or  recurrent  is  almost 
exclusively  distributed  to  the  muscles.  From  this  we  might  infer,  that 
the  former  is  an  afferent,  and  the  latter  a  motor  nerve;  and  experimental 
inquiries  (as  we  have  seen,  §  553)  fully  confirm  this  view.  In  like  manner 
it  may  be  shown,  that  the  Glosso-i3haiyngeal  is  chiefly  an  afferent  nerve, 
since  it  is  distributed  to  the  surface  of  the  tongue  and  pharynx,  and 
scarcely  at  all  to  the  muscles  of  those  parts ;  whilst  the  pharyngeal 
branches  of  the  Pneumogastric  are  chiefly,  if  not  entirely,  motor  (§  427). 
Lower  down,  however,  the  branches  of  the  Glosso-phaiyngeal  cease,  and 
the  oesophageal  branches  of  the  Pneomogastric  are  distributed  both  to  the 
mucous  surface  and  to  the  muscles,  from  which  it  may  be  inferred  that 
they  are  both  afferent  and  motor;  a  deduction  which  experiment  confirms 
(§  428). — We  perceive,  therefore,  that  much  knowledge  of  the  function  of 
a  nerve  may  be  obtained,  from  the  attentive  study  of  its  ultimate  distri- 
bution ;  but  it  is  necessary  that  this  should  be  very  carefully  ascertained, 
before  it  is  made  to  serve  as  the  foundation  for  physiological  inferences. 
As  an  example  of  former  eiTors  in  this  respect,  may  be  mentioned,  the 
description  of  the  Portio  dura  of  the  Seventh,  at  first  given  by  Sir  C.  Bell ; 
he  stated  it  to  be  distributed  to  the  skin  as  well  as  to  the  muscles  of  the 
face,  and  evidently  regarded  it  as  in  part  an  afferent  nerve,  subservient  to 
respiratory  impressions  as  well  as  to  motions.  In  the  same  manner, 
from  inaccurate  observation  of  the  ultimate  distribution  of  the  Superior 
Lai'yngeal  nerve,  it  was  long  regarded  as  that  which  stimulated  to  action 
the  constrictors  of  the  glottis, 

691.  But  the  knowledge  obtained  by  such  anatomical  examinations 
alone  is  of  a  very  general  kind;  and  requires  to  be  made  particular, — to 
be  coiTected  and  modified, — by  other  sources  of  information.  One  of 
these  relates  to  the  connexion  of  the  trunks  with  the  central  organs.  The 
evidence  derived  from  this  source,  however,  is  seldom  of  a  very  definite 
character;  and,  in  fact,  Physiologists  have  rather  been  accustomed  to 
judge  of  the  functions  of  particular  divisions  of  the  nervous  centres  by 
those  of  the  nerves  with  which  they  are  connected,  than  to  draw  aid  from 
the  former  in  the  determination  of  the  latter.  Still,  this  kind  of  examina- 
tion is  not  without  its  use,  when  there  is  reason  to  believe  that  a  particu- 
lar tract  of  fibrous  structure  has  a  certain  function,  and  when  the  office 
of  a  nerve  whose  roots  terminate  in  it  is  doubtful.  Here,  again,  however, 
very  minute  and  accurate  examination  is  necessary,  before  any  sound 
physiological  inferences  can  be  di-awn  from  facts  of  this  description;  and 
many  instances  might  be  adduced  to  show,  that  the  real  connexions  of 
nerves  and  nei-vous  centres  are  often  very  different  from  their  apparent 
ones. 

692.  Most  important  information  as  to  the  functions  of  particular 
nerves  may  be  drawn  from  experimental  inquiries;  but  these  also  are 
liable  to  give  fallacious  results,  unless  they  are  prosecuted  with  a  full 
knowledge  of  all  the  precautions  necessary  to  insure  success.  Some  of 
these  will  be  here  explained. — In  the  first  place,  the  endowments  of  the 
trunk  and  of  the  roots  of  a  nerve  may  differ ;  owing  to  the  admixture,  in 
the  former,  of  fibres  derived  by  inosculation  from  another  nerve  (§  688), 
Hence,  in  order  to  attain  satisfactory  results,  a  comparative  set  of  experi- 
ments should  always  be  made  upon  each, — A  nerve-trunk  may  be  too 
hastily  considered  aa  motor,  on  account  of  the  excitation  of  muscular 
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movements  by  irritation  of  its  trank,  whilst  still  in  connection  with  its 
centre ;  for  such  movements  may  be  called  forth,  not  only  by  the  direct 
influence  of  the  nerve  upon  the  muscles,  but  also  by  reflex  stimulation, 
acting  throiigh  the  ganglionic  centre  upon  some  other  nerve.    The  real 
nature  of  such  movements  can  only  be  determined  by  dividing  the  trunk, 
and  irritating  each  of  the  cut  extremities.    If,  upon  irritating  the  end 
separated  from  the  centre,  muscular  contractions  are  produced,  it  may  be 
safely  inferred  that  the  nerve  is,  in  part  at  least,  of  an  efferent  charac- 
ter.   Should  no  such  result  follow,  tliis  would  be  improbable.    If,  on  the 
other  hand,  muscular  movement  should  be  produ^ced  by  instating  the 
extremity  in  connexion  ivith  the  centre,  it  will  then  be  evident,  that  it  is 
occasioned  by  an  impression  conveyed  toivards  the  centre  by  this  trunk, 
and  propagated  to  the  muscles  by  some  other ;  in  other  words,  to  use  the 
language  of  Dr.  M.  Hall,  this  nerve  is  an  'exciter'  of  motion,  not  a  direct 
motor  nerve.    The  Glosso-pharyngeal  has  been  satisfactorily  determined, 
by  experiments  of  this  kind,  performed  by  Dr.  J.  Eeid  (§  427),  to  be 
chiefly,  if  not  entirely,  an  afferent  nerve. — It  has  been  from  the  want  of  a 
proper  mode  of  experimenting,  that  the  functions  of  the  posterior  roots  of 
the  Spinal  nerves  have  been  regai'ded  as  in  any  degree  motor.    If  they  be 
in'itated,  without  division  of  either  root,  motions  are  often  excited ;  but  if 
they  be  divided,  and  their  separated  trunks  be  then  irritated,  no  motions 
ensue;  nor  are  any  movements  produced  by  initation  of  the  roots  in 
connexion  with  the  spinal  cord,  if  the  anterior  roots  have  been  divided. 
Hence  it  appeal's  that  these  fibres  do  not  possess  any  direct  motor  powers, 
but  that  they  convey  impressions  to  the  centre,  which  are  reflected  to  the 
muscles  through  the  anterior  roots. — The  same  difiiculties  do  not  attend 
the  determination  of  the  sensory  endowments  of  nerves.    If,  when  the 
trunk  of  a  nerve  is  pricked  or  pinched,  the  animal  exhibit  signs  of  pain, 
it  may  be  concluded  that  the  nerve  is  capable  of  receiving  and  transmit- 
ting sensory  impressions  fi-om  its  peripheral  extremity.    But  not  unfre- 
queiitly  this  capability  is  derived  by  inosculation  with  another  nerve ; 
as  is  the  case  with  the  Facial,  which  is  sensory  after  it  has  passed 
through  the  parotid  gland,  having  received  there  a  twig  from  the  Fifth 
pair.    A  similar  inosculation  explains  the  apparent  sensibility  of  the  an- 
terior roots  of  the  Spinal  nei-ves.    If  these  be  irritated,  the  animal  usually 
gives  signs  of  uneasiness ;  but  if  they  be  divided,  and  the  cut  ends  nearest 
the  centre  be  irritated,  none  such  are  exhibited;  whilst  they  are  still 
shown  when  the  farther  ends  are  irritated,  but  not  if  the  posterior  roots 
are  divided.    This  seems  to  indicate  that,  from  the  point  of  junction  of 
the  two  roots,  sensory  fibres  derived  from  the  posterior  root  pass  back- 
wards (or  towards  the  centre)  in  the  anterior;  and  thus  its  apparent 
sensory  endowments  are  entirely  dependent  upon  its  connexion  with  the 
posterior  column  of  the  spinal  cord,  through  the  posterior  roots. 

693.  The  fallacies  to  which  all  experiments  upon  the  nerves  ai'e  subject, 
arising  from  the  partial  loss  of  their  power  of  receiving  and  conveying 
impressions,  and  of  exciting  the  muscles  to  action,  after  death,  are  too 
obvious  to  require  more  particular  mention  here ;  yet  they  are  frequently 
overlooked.  Of  a  similar  description  are  those  arising  from  severe  dis- 
turbance of  the  system,  in  consequence  of  ojjerations;  which  also  have 
not  been  enough  regarded  by  experimenters. — As  a  general  rule,  negative 
results  are  of  less  value  than  j)ositive;  but  very  careful  discrimination  is 
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ften  required  to  determine  what  are  negative,  and  what  positive  results. 
;ach  pai'ticular  case  has  its  own  sources  of  fallacy,  which  require  to  be 
<  igically  scrutinized ;  and  the  only  satisfactory  proof  is  derived  from  the 
onciu-rence  of  every  kind  of  evidence,  which  the  nature  of  the  inquiry 
admits  of    Thus  in  the  determination  of  the,  functions  of  a  particular 
nerve-trimk,  it  should  be  shown  that  a  certain  effect  is  constantly  pro- 
jiced  by  its  excitation  (under  the  conditions  laid-down  in  the  preceding 
paragraph),  and  that  a  corresponding  interruption  in  the  action  to  which 
i  c  is  hence  inferred  to  be  subservient,  takes  place  when  its  continuity  has 
been  interrupted :  by  this  double  proof,  the  Glosso-pharyngeal  and  the 
Pueumogastric  are  shown  to  be  the  principal,  but  not  the  sole,  excitors  of 
the  movements  of  Deglutition  and  Inspiration  respectively.    But  the  evi- 
dence afforded  solely  by  the  interruption  of  a  particular  function,  after 
the  division  of  a  certain  nerve  or  the  destruction  or  removal  of  a  nervous 
centre,  is  by  no  means  so  satisfactory;  for  this  may  be  occasioned  rather 
l)y  the  general  effects  of  the  operation,  than  by  the  simple  lesion  of  the 
nervous  apparatus.    In  order  to  get  rid,  so  far  as  possible,  of  this  source 
(if  fallacy  (which  particularly  affects  experiments  upon  the  Encephalic 
centres,  and  upon  the  influence  of  the  nerves  upon  the  viscera),  it  is 
desirable  to  perform  comparative  experiments,  in  which  the  general  injury 
>hall  be  as  nearly  as  possible  the  same,  and  the  only  difference  shall  lie  in 
rhe  lesion  of  the  nervous  system;  and  to  subtract  from  the  general 
result  all  that  can  be  thus  shown  to  be  attributable  to  the  general  dis- 
tiu-bance  produced  by  the  operation.    But  even  then,  it  may  happen  that 
the  fimction  is  only  suspended  for  a  time,  by  the  shock  which  has  been 
1  induced  by  the  injury  to  the  nerve ;  and  if  it  should  he  subsequently 
!  renewed,  without  any  reunion  of  the  trunk,  we  have  the  most  convincing 
:  proof  that,  whatever  degree  of  participation  thje  nerve  may  have  in  it,  the 
action  is  not  essentially  dependent  upon  the  integrity  of  that  portion  of 
t  the  nervous  apparatus.    Such  we  have  seen  to  be  the  case  in  regard  to 
t  the  relation  of  the  Pneumogastric  nerves  to  the  secretion  of  gastric  fluid 
:  in  the  walls  of  the  stomach  (§§  445-447). 

694.  All  our  positive  knowledge  of  the  functions  of  the  Nervous  System 
;  in  general,  save  that  which  results  from  our  own  consciousness  of  what 
i  passes  within  ourselves,  and  that  which  we  obtain  from  watching  the 
:  manifestations  of  disease  in  Man,  is  derived  from  observation  of  the  phe- 
nomena exhibited  by  animds  made  the  subjects  of  experiments;  and  in 
•  the  intei-jjretation  of  these,  great  caution  must  be  exercised. — In  the  first 
i  place  it  must  be  constantly  borne  in  mind  that,  except  through  the  move- 
I  ments  consequent  upon  them,  we  have  no  means  of  ascertaining,  whether 
'  or  not  particular  changes  in  the  Nervous  System,  whose  character  we  are 
I  endeavouring  to  determine,  are  attended  with  Sensation ;  since  we  have 
1  no  power  of  judging  whether  or  not  this  has  been  excited,  save  by  the 
cries  and  struggles  of  the  animal  made  the  subject  of  experiment.  Now 
although  such  cries  and  struggles  are  ordinarily  considered  as  indications 
of  pain,  yet  it  is  not  right  so  to  regard  tliem  in  every  instance ;  and  the 
only  unequivocal  evidence  is  derived  from  observation  of  the  coirespond- 
ing  phenomena  in  the  Human  subject ;  since  we  can  there  ascertain,  by 
the  direct  testimony  of  the  individual  affected,  what  impressions  produce 
sensation,  and  what  excite  movements  independently  of  sensation  (§  674). 
Further,  we  are  not  justified  in  assuming  that  Consciousness  is  excited  by 
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an  in-itation,  still  less  that  Intelligence  and  Will  are  called  into  exercise  by 
it,  merely  because  movements,  evidently  tending  to  get  rid  of  its  source, 
are  performed  in  respondence  to  it.  We  know  that  the  contractions  of  the 
heart  and  alimentary  tube  are  ordinarily  excited  by  a  stimulus,  without 
any  sensation  being  involved;  and  these  movements,  like  all  that  are 
concerned  in  the  maintenance  of  the  Organic  fimctions,  have  an  obvious 
design,  when  considered  either  in  their  immediate  effects,  or  in  then*  more 
remote  consequences.  The  character  of  adcqytiveness,  then,  in  Muscular 
movements  excited  by  extei'nal  stimuli,  is  no  proof  that  they  are  per- 
formed in  obedience  to  sensation ;  much  less,  that  they  have  a  voluntary 
character.  In  no  case  is  this  adaptiveness  more  remarkable,  than  in  some 
of  those  actions,  which  are  not  only  performed  without  any  effort  of  the 
will,  but  which  the  will  cannot  imitate.  This  is  the  case,  for  example, 
with  the  act  of  Deglutition  (§§  427,  428),  the  muscles  concerned  in  which 
cannot  be  thrown  into  contraction  by  a  voluntary  impulse,  being  stimu- 
lated only  by  impressions  conveyed  from  the  mucous  surface  of  the  fauces 
to  the  Medulla  Oblongata,  and  thence  reflected  along  the  motor  nerves, 
No  one  can  swallow,  without  producing  an  impression  of  some  kind  upon 
this  surface,  to  which  the  muscular  movements  will  immediately  respond. 
Now  it  is  impossible  to  conceive  any  movements  more  perfectly  adapted 
to  a  given  purpose,  than  those  of  the  parts  in  question ;  and  yet  they  are 
independent,  not  only  of  volition  but  of  sensation,  being  still  performed 
in  cases,  in  which  consciousness  is  completely  susj)ended,  or  entirely 
absent.  The  act  of  Sucking  in  the  infant,  again,  is  one  in  which  a  num- 
ber of  muscles  ai'e  called  into  combined  contraction,  in  a  manner  which 
shows  a  most  complete  adaptation  to  a  given  pm-pose ;  and  yet  it  is  im- 
possible to  suppose  this  adaptation  to  be  2^ur2Josive  on  the  part  of  the 
infant  itself;  more  especially  as  it  is  shown,  both  by  the  occm-rence  of 
monstrosities,  and  by  experiments  made  with  this  object  (§  423),  that  no 
pai't  of  the  Cranio-spinal  axis  above  the  Medulla  Oblongata  is  necessaiy 
to  it.  And  in  the  acts  of  Coughing  and  Sneezing  (§  555),  we  have 
examples  of  the  most  adaptive  movements,  executed  by  a  mai-vellous 
combination  of  separate  muscular  actions,  with  the  obvious  purpose  of 
removing  a  som-ce  of  irritation  from  the  air-passages;  and  yet  we  know 
by  personal  experience,  that  this  combination  is  not  made  with  any  design 
of  om'  own. 

695.  In  addition  to  the  Cerebro-Spinal  system  of  ganglionic  centres  and 
nerve-trunks,  aU  but  the  lowest  Vertebrated  animals  possess  a  system  of 
ganglionic  centres  scattered  in  different  parts  of  the  body,  but  mutually 
connected  with  each  other,  as  well  as  with  the  Cerebro-spinal  system; 
this  is  commonly  termed  the  Sympathetic  system;  but  not  unfrequently, 
from  the  position  of  its  principal  centres,  and  their  evident  functional 
relation  to  the  apparatus  of  Organic  life,  the  Visceral  system.  To  this 
system,  which  seldom  presents  itself  in  a  distinctly  recognizable  form  m 
Invertebrated  animals,  we  are  probably  to  refer  not  only  the  Semilunai" 
and  Cai'diac  ganglia  (which  seem  to  be  its  principal  centres),  with  the 
chain  of  cranial,  cervical,  thoracic,  lumbar,  and  sacral  ganglia,  which  ai*e 
in  nearer  connection  with  the  cerebro-spinal  system,  but  also  numerous 
minute  ganglia,  which  are  to  be  found  on  its  branches  in  vai'ious  parts, 
and,  in  addition,  the  ganglia  upon  the  posterior  roots  of  the  spinal  nerves; 
and  if  such  be  the  case,  those  fibres  contained  in  the  cerebro-spinal  nerves, 


THE  SPINAL  COED. 


683 


licli  have  these  as  theii*  ganglionic  centres,  must  also  be  accounted  as 
longing-  to  the  Sympathetic  system.    On  the  other  hand,  there  Vmques- 
uably  exist  numerous  fibres  in  the  Visceral  system,  which  proceed  into 
fronl  the  Cerebro-spinal  system;  these,  however,  are  not  uniformly 
-tributed,  for  some  of  the  Visceral  nerves  contain  few  or  none  of  them, 
lilst  in  others  they  are  numerous.    The  branches  by  which  the  Sympa- 
tic system  communicates  with  the  Cerebro-spinal,  and  which  were 
rmerly  considered  as  the  roots  of  the  Sympathetic  system,  contain  fibres 
both  kinds ; — i.e.,  Cerebro-spinal  fibres  passing  into  the  Sympathetic, 
id  Sympathetic  fibres  passing  into  the  Cerebro-spinal.    The  latter  are 
defly,  if  not  entirely,  transmitted  into  the  anterior  branches  of  the  Spinal 
•ves;  the  posterior  branches  being  apparently  supplied  with  sympa- 
ictic  fibres  from  the  ganglia  on  their  own  posterior  roots.    Some  of 
•?se  last  fibres  also  pass  fi-om  the  Cerebro-spinal  into  the  Sympathetic 
>tem.    By  these  communications,  the  two  systems  of  fibres  ai'e  so 
I  ended  with  each  other,  that  it  is  impossible  to  isolate  them. — The 
inches  proceeding  from  the  Semilunar  ganglia  are  distributed  upon  the 
I'dominal  viscera;  and  those  of  the  Cardiac  ganglia  upon  the  heart  and 
le  vessels  proceeding  from  it.  The  latter  seem  to  accompany  the  arterial 
unks  through  their  whole  course,  ramifying  minutely  upon  their  sur- 
ice;  and  it  can  scarcely  be  doubted  that  they  exercise  an  important 
luence  over  their  functions.  What  the  nature  of  that  influence  may  be, 
•vever,  will  be  a  subject  for  future  inquiry.   It  is  so  evidently  connected 
.iih  the  operations  of  nutrition,  secretion,  &c.,  that  the  designation  of 
!•  nervous  system  of  organic  life,"  as  applied  to  this  system,  does  not  seem 
.'tbjectionable,  provided  that  we  do  not  understand  it  as  denoting  the 
lependence  of  these  functions  upon  it. — Even  in  Vertebrata,  however,  we 
^  io  not  always  find  the  distribution  of  the  visceral  trunks  distinct  from 
;  .hat  of  the  cerebro-spinal.    In  the  Cyclostome  Fishes,  the  par  vagum 
liupplies  the  intestinal  canal  along  its  whole  length,  as  well  as  the  heart; 
•,nd  no  appearance  of  a  distinct  sympathetic  can  be  discovered.  In 
jerpents,  again,  the  lower  part  of  the  alimentary  canal  is  supplied  fr-om 
;he  spinal  cord,  and  the  upper  part  by  the  par  vagum;  and  though  the 
^teral  cords  of  the  sympathetic  may  be  traced,  they  are  almost  destitute 
!  3f  ganglia.    Even  in  the  highest  Vertebrata,  some  of  the  glands,  of  which 
the  secretion  is  most  directly  influenced  by  the  condition  of  the  mind,  are 
supplied  with  most  of  their  nerves  from  the  cerebro-spinal  system;  thus, 
the  lachiymal  and  sublingual  glands  receive  large  branches  from  the 
fifth  pair,  and  the  mammary  glands  from  the  intercostal  nerves. 

2.  Of  the  Spinal  Cord  and  Medulla  Oblongata;  —  their  Structure  and 

Actions. 

696.  In  our  more  detailed  consideration  of  the  functions  of  the  several 
divisions  of  the  Nein^ous  System,  it  is  desirable,  for  several  reasons,  to 
commence  with  the  Cranio-Spinal  Axis;  which,  as  already  pointed  out 
(§  678),  may  be  considered  as  constituting  the  fundamental  portion  of 
this  apparatus.  The  entire  Axis  is  divided  into  its  Cranial  and  its  Spinal 
portions,  the  passage  of  the  Cord  through  the  foramen  magnum  of  the 
occipital  bone  being  considered  to  mark  the  boundary  between  them ;  and 
although  the  separation  of  tlie  Medulla  Spinalis  from  the  Medulla  Obion- 
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gata,  which  is  thus  estabHshed,  is  in  itself  purely  artificial,  yet  it  will  b, 
found  to  correspond  completely  with  the  natural  division  founded  on  tbeii 
respective  physiological  attributes. — The  S2nnal  Cord*  then,  which  ex- 
tends from  the  margin  of  the  foramen  mag-num  to  the  first  or  second 
lumbar  vertebra,  and  which  is  prolonged  as  the  filum  terminalef  to  tlx 
extremity  of  the  sacral  canal,  is  almost  completely  divided  by  the  anterior 
and  posterior  median  fissures  (Fig.  129),  into  two  lateral  and  symmetrical 
halves.    The  'anterior  median  fissure'  (a)  is  more  distinct  than  the  pos- 
terior, being  wider  at  the  sm-face ;  but  it  only  penetrates  to  about  cue- 
third  of  the  thickness  of  the  Cord,  its  depth  increasing,  however,  towards 
its  lower  part.    The  sides  of  the 'posterior  median  fissure'  (p),  on  tin 
other  hand,  are  in  closer  approximation;  but  the  division  commoulv 
extends  to  about  half  the  thickness  of  the  cord,  being  deeper  towards  its 
upper  than  towards  its  lower  end.    The  two  halves,  therefore,  are  only 
united  by  a  commissural  band  which  occupies  the  central  part  of  the  cord, 
and  this  is  traversed  by  the  'Spinal  canal'  (/),  which  is  continued  down- 
wards from  the  fourth  ventricle.  |    At  a  little  distance  from  either  side  of 
the  posterior  median  fissure,  and  corresponding  with  the  line  of  attach- 
ment of  the  posterior  roots  of  the  nerves,  is  the  posterior  lateral  fxtrrow; 
a  shallow  longitudinal  depression,  which  marks-out  the  'posterior  columns' 
of  the  Cord  as  distinct  from  the  '  antero-lateral  columns.'    A  correspond- 
ing fiu^row  has  been  sometimes  described  as  travei'sing  the  Cord  in  the 
line  of  the  anterior  roots  of  the  nerves  on  either  side ;  but  this  can  scarcely 
be  said  to  have  a  real  existence ;  and  the  separation  of  the  '  antero-lateral 
columns'  into  the  'anterior'  and  the  'lateral'  columns,  is  only  marked 
externally  by  the  attachment  of  the  nerve-roots,  but  is  made  more  obvious 
internally  by  the  peculiar  distribution  of  the  gi-cy  matter.  These  columns 
are  entirely  comiDosed  of  nerve-fibres,  whose  general  direction  is  longi- 
tudinal; and  of  these  fibres  it  is  quite  certain  that  some  are  directly 
continuous  with  those  which  constitute  the  roots  of  the  spinal  nerves.  It 
has  been  generally  considered  by  Anatomists,  that  the  anteinor  roots  arc 
chiefly  connected  with  the  anterior  columns,  but  that  some  of  their  fibres 
ai'e  also  continuous  with  the  lateral  columns ;  and  that  the  posterior  roots 
are  in  like  manner  connected  chiefly  with  the  posterior  but  also  with  the 
lateral  columns.  Some  have  maintained,  on  the  other  hand,  that  both 
sets  of  nerve-roots  are  connected  with  the  lateral  columns  exclusively. 
According  to  the  most  recent  researches,  however,  it  appears  that  the 
anterior  roots  are  directly  connected  with  the  anterior  columns  only, 
and  the  jDOsterior  roots  with  the  posterior,  columns  alone;  bvit  of  those 
fibres  from  both  these  roots  which  pass  at  first  into  the  grey  matter,  a 
certain  proportion  emerge  from  this  and  enter  the  lateral  columns. — 
To  what  extent  any  of  these  fibres  proceed  along  the  columns  of  the 

*  The  sketch  given  in  the  text  of  the  anatomy  of  the  Spinal  Cord  is  chiefly  derived  from 
the  statements  of  Prof.  Kblliker  in  his  "  Mikroskopische  Anatomie  "  (Band  n,     11 5, 11 
and  of  Mr.  J.  L.  Clarke  in  the  "  Philosophical  Transactions,"  1851 ;  between  which  there  is 
a  general  accordance. 

+  The  structure  of  the  '  filum  terminale '  is  in  every  respect  essentially  the  same  as  that 
of  the  proper  Spinal  Cord,  save  that  no  nerve-roots  are  connected  with  it. 

J  The  spinal  canal  is  much  more  obvious  in  Fishes ;  and  the  commissural  connection 
between  the  two  halves  of  their  spinal  cord  is  far  less  distinct  than  in  higher  Vertebrate. 
The  canal  can  only  be  distinguished  in  Man,  being  no  more  than  1-1 00th  of  an  inch  in 
diameter,  by  submitting  thin  transverse  sections  of  the  Cord  to  microscopic  examination. 


THE  SPINAL  CORD. 


685 


iual  Cord,  no  precise  anatomical  evidence  has  yet  been  obtained;  and 
hough  there  are  appearances  which  may  be  regarded  as  sanctioning 
0  idea,  that  a  direct  and  continuous  communication  is  established  by 
•ir  ijieans  between  the  roots  of  the  nerves  and  the  encephalic  centres, 
'  there  are  difficulties  in  such  a  view  of  the  case,  which  must  be  taken 
o  account  in  our  physiological  consideration  of  it  (§  700). 
G97.  The  'grey  matter'  of  the  Spinal  Cord  is  readily  brought  into  view 
making  ti'ansverse  sections  in  different  parts;  and  although  its  distri- 
:ion  is  by  no  means  uniform,  yet  on  the  whole  it  may  be  described  as 
istituting  (when  thus  exposed)  two  somewhat  crescent-shaped  masses 
g.  129),  whose  convexities  are  turned  towards  each  other,  and  are  con- 
L'ted  by  the  grey  commissure,  whilst  their  cornua  are  directed  towards 

>  sm-face  of  the  cord,  the  posterior  peak  on  either  side  reaching  the 
-terior  lateral  fm"row,  whilst  the  anterior,  though  the  larger  cornu,  does 
t  approach  quite  so  near  to  the  sm-face.    This  grey  matter,  however,  is 

V  no  means  uniform  in  its  texture  throughout.    A  considerable  part  of 

>  posterior  cornua  is  destitute  of  vesicular  or  ganglionic  corpuscles,  and 
known  under  the  name  of  substantia  gelatinosa  (g) ;  it  has  been  lately 
iwn  by  Mr.  J.  L.  Clarke,  however,  that  a  tract  of  vesicular  matter  does 

\ist  on  either  side  (e),  in  intimate  connection  with  the  posterior  roots  of 

>  nerves,  and  that  this  may  be  traced  continuously  from  the  lower  extre- 
ty  of  the  spinal  cord  to  the  medulla  oblongata  where  it  terminates,  and 
it  it  increases  in  size  in  the  lumbar  and  cervical  enlargements.  The  grey 
Liter  of  the  anterior  cornua,  which  has  been  distinguished  as  the  suh- 

tantia  spongiosa,  contains  a  large  amount  of  vesicular  structure  {cl,  d), 
:  he  number  of  vesicles  being  constantly  in  direct  proportion  to  the  size  of 
i  he  nerve-roots  in  connection  with  it.  The  vesicles  are  of  the  stellate 
'.haracter,  each  having  several  prolongations  which  seem  to  unite  with 
ihose  of  other  vesicles;  and  hitherto  it  has  not 'been  found  possible  to 
race  any  direct  passage  of  these  prolongations  into  nerve-fibres.  The 
:ommissure  is  formed  entu-ely,  according  to  Mr.  J.  L.  Clarke,  by  the 
ibrous  portion  of  the  grey  matter,  neither  the  anterior  nor  the  posterior 
lolumns  having  any  direct  connection  by  transverse  fibres;  and  the 
jentral  part  of  it  is  stated  by  him  to  consist  of  a  layer  of  fine  fibrous 
•issue  smTounding  the  wall  of  the  spinal  canal,  which  is  lined  with  a  layer 
)f  columnai-  epithelium.  The  fibres  of  the  grey  substance  and  even  those 
)f  the  substantia  gelatinosa,  are  tubular,  but  are  of  extremely  minute 
dze,  their  average  diameter  not  exceeding  1-1 0,000th  of  an  inch,  and 
jome  of  them  measuring  as  little  as  1-1 5,000th  or  1-1 6,000th. — The 
jourse  of  the  fibres  which  constitute  the  roots  of  the  Spinal  Nerves,  as 
jeen  in  transverse  sections  of  the  Cord,  is  thus  described  by  Mr.  J.  L. 
Olarke.  The  bundles  of  fibres  which  form  the  posterior  root  (Fig.  129, 
J,  c)  are  much  larger,  but  less  numerous  than  those  of  the  anterior ;  the 
fibres  themselves  are  mostly  finer  and  more  delicate,  their  average  dia- 
meter being  about  l-7000th  of  an  inch.  On  entering  the  posterior 
columns  of  the  Cord,  the  fasciculi  traverse  them  obliquely  inwards, 
interlacing  and  forming  with  each  other  an  intricate  plexus.  From  this 
plexus,  straight  and  distinct  bundles  enter  the  posterior  cornua  along 
their  whole  breadth,  and  cross  the  'substantia  gelatinosa'  botli  obliquely 
and  at  right  angles ;  some  being  immediately  continuous  with  fibres  of 
the  transverse  commissure,  some  passing  to  the  vesicular  tract,  while 
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others  break  up  and  form  a  finer  Detwork  whioli  extends  towards  the  an- 
terior cornua.  Some  of  these  fibres,  after  traversing  the  grey  substiince, 
pass  out  again  into  the  posterior  and  lateral  white  columns ;  and  many  of 


Fig.  129. 


Transverse  section  of  Human  Spinal  Cord,  through  the  middle  of  the  lumbar  enlargement, 
showing  on  the  right  side  the  course  of  the  nerve-roots,  and  on  the  left  the  position  of  the  prin- 
cipal tracts  of  vesicular  matter: — a,  a,  anterior  columns  ;  p,  p,  posterior  columns ;  l,  l,  portion 
of  lateral  columns  ;  a,  anterior  median  fissure  ;  /j,  posterior  median  fissure ;  A,  i,  A,  A,  anterior 
roots  of  spinal  nerves  ;  c,  c,  posterior  roots  ;  d,  d,  tracts  of  vesicular  matter  in  anterior  column ; 
e,  tracts  of  vesicular  matter  in  posterior  column ;  /,  spinal  canal;  g,  substantia  gelatinosa. 


those  of  the  '  substantia  gelatinosa'  seem  to  become  longitudinal.  The 
fasciculi  of  fibres  which  constitute  the  anterior  roots,  on  the  other  hand, 
traverse  the  anterior  columns  of  the  Cord  somewhat  obliquely,  and  iu 
straight  and  distinct  bundles,  which  do  not  interlace  with  each  other,  but 
proceed  directly  to  the  anterior  grey  cornu.  On  reaching  this,  they  break 
up  into  smaller  bundles  and  separate  fibres,  which  diverge  in  various 
directions ;  of  those  proceeding  towards  the  external  border  of  the  cornu, 
some  pass  out  again  into  the  antero-lateral  column,  whilst  others,  after 
winding  round  groups  of  caudate  vesicles,  ciurve  inwai'ds  and  join  tlic 
fibres  of  the  transverse  commissure ;  of  those  proceeding  along  the  inner 
border  of  the  comu,  a  few  pass  into  the  white  column  at  the  side  of  the 
median  fissure,  while  others,  entering  the  anterior  portion  of  the  trans- 
verse commissure,  cross  to  the  opposite  side  j  and  the  remainder,  plunging 
into  the  central  portion  of  the  cornu,  and  winding  among  its  vesicles, 
seem  to  lose  themselves  in  its  substance,  some  of  them  probably  changing 
their  direction  and  becoming  longitudinal.    According  to  Stilling, 
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absolute  continuity  is  thus  established  between  certain  of  the  anterior  and 
Dsterior  root-fibres  of  the  same  side ;  and  also  between  the  anterior  fibres 
if  one  side  and  the  posterior  of  the  other,  through  the  transverse  commis- 
-ure._    The  evidence  which  he  has  adduced  in  favom-  of  this  doctrine, 
iiowever,  is  by  no  means  satisfactory;  and  for  the  present  it  must  be 
reg-arded  as  hypothetical.    That  an  actual  decussation  of  the  fibres  of  the 
( 'ord  is  effected  by  means  of  the  transverse  commissure,  although  denied 
Ity  Hannover,  seems  to  have  been  fully  proved  by  Mr.  J.  L.  Clarke; 
' 'lis  decussation,  however,  is  limited,  as  already  stated,  to  the  fibres  of 
he  grey  matter.* 

698.  The  Spinal  Cord  is  by  no  means  of  uniform  dimensions  through- 
iit  its  leng-th,  but  presents  an  enlargement  at  the  origins  of  the  large 
iierves  forming  the  bra- 
chial and  crm-al  plexuses. 
This  enlargement  is  pro- 
duced by  an  increase  in 
t  he  quantity  both  of  the 
urey  and  of  the  white 
substances ;  and  it  is  ob- 
viously comparable  to 
the  enlargement  of  the 
ranglia  of  the  ventral 
■i  )rd  of  Articulata,  which 
presents  itself  in  connec- 
tion with  the  nerves  of 
the  special  locomotive 
organs,  as  we  well  see  in 

tracing    the    alterations   showing  the  proportional  cjuantity  and  arrangement  of  grey  and 
which  this  cord  under'-    white  matter  at  each : — 1,  opposite  11th  dorsal  vertebra ;  2,  oppo- 
,  5    site  lOth  dorsal ;  3,  opposite  8th  dorsal ;  4,  opposite  5th  dorsal ; 

goes  between  the  lai*Va  5,  opposite  7th  cervical;  6,  opposite  4th  cervical;  7,  opposite  3rd 
and  '  imaso'  states  of  the  ^'  section  of  meduUa  oblongata  through  centre  of  corpus 

Insect,  t    Its  relation  to 

the  functions  of  these  nerves  is  further  indicated  by  the  constancy  with 
which  it  presents  itself,  through  the  entire  Vertebrated  series,  in  those  parts 
of  the  Cord  from  which  the  largest  supply  is  transmitted  to  the  locomotive 
organs.  In  most  Fishes,  for  example,  the  body  being  propelled  through  the 
water  rather  by  the  lateral  action  of  the  flattened  trunk  and  tail  (with  that 
of  the  median  fins),  than  by  the  movements  of  the  extremities  which  serve 
principally  to  guide  it,  the  size  of  the  Cord  usually  varies  but  little 
through  its  whole  length ;  and  this  is  especially  the  case  with  the  Eel  and 
other  vermiform  apodal  fishes.  But  in  the  Flying-fish,  and  others  whose 
pectoral  fins  are  unusually  powerful,  a  distinct  ganglionic  enlargement  of 
the  cord  presents  itself  where  their  nerves  are  given  off".  In  Serpents, 
again,  the  spinal  cord  is  nearly  uniform  throughout  its  entire  length ; 

•  Mr.  J.  L.  Clarke  has  succeeded  in  preparing  transverse  sections  of  the  Cord  of  suffi- 
cient thinness  to  enable  them  to  be  seen  under  high  powers  with  transmitted  light; 
whereas  the  statements  of  Stilling,  and  of  other  observers  who  have  used  his  method,  have 
been  founded  upon  observations  made  upon  comparatively  opaque  sections  seen  under  low 
powers,  and  often  with .  reflected  light,  whereby  the  nature  of  the  several  structures  was 
often  left  in  obscurity. 

+  See  "  Princ,  of "Phys.,  Gen.  and  Corap.,"  $  776. 


Fig.  130. 


Transverse  sections  of  Human  Spinal  Cord  at  different 
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whilst  m  Amphibia  it  is  so  during  the  Tadpole  condition,  but  presents 
enlargements  corresponding  to  the  anterior  and  posterior  extremities, 
when  these  are  developed ;  at  the  same  time  becoming  much  shortened 
as  the  tail  is  less  important  to  locomotion,  or  is  altogether  atrophied.  In 
Birds,  the  ganglionic  enlargements  are  generally  very  perceptible,  and 
bear  a  close  relation  in  size  with  the  development  of  the  locomotive 
organs  with  which  they  are  connected :  thus  in  birds  of  active  flight,  and 
short  powerless  legs,  the  anterior  enlargement  is  the  principal ;  but  iu 
those  which  are  more  adapted  to  run  on  land  than  to  wing  their  way 
through  the  air,  such  as  the  whole  tribe  of  Struthious  birds,  the  size  of 
the  posterior  enlargement  is  very  remarkable ;  and  this  exactly  corre- 
sponds with  what  has  been  observed  in  the  Articulated  classes,  and 
especially  in  watching  the  metamorphosis  of  Insects.  In  Birds  and  Mam- 
malia, however,  the  whole  amount  of  the  grey  matter  in  the  spinal  cord 
does  not  bear  so  large  a  proportion  to  the  bulk  of  the  nerves  proceeding 
from  it,  as  in  the  lower  Vertebrata ;  and  the  reason  of  this  seems  obvious. 
The  actions  of  the  locomotive  organs  are  less  and  less  of  a  reflex  character, 
and  ai-e  more  directly  excited  by  tlie  will,  and  consequently  by  the  bi-ain,' 
than  in  the  inferior  tribes;  and  just  in  proportion,  therefore,  to  the  de^ 
vclopment  of  the  Brain,  will  it  become  the  moving  spring  of  all  the 
actions  performed  by  the  animal,  and  the  Spinal  Cord  be  merely  its 
instrument.  Still,  in  all  the  Mammalia,  as  in  Man,  do  we  find  these 
ganglionic  enlargements  of  the  spinal  cord ;  and  in  Man  it  is  the  posterior 
one  (or  rather  the  inferior),  which  contains  the  largest  quantity  of  grey 
matter. 

G99.  No  doubt  is  now  entertained  amongst  Physiologists,  that  the 
Spinal  Cord  is  to  be  regarded  under  a  double  aspect; — on  the  one  hand, 
as  an  independent  centre  of  nervous  jDOwer,  on  which  excitor  impressions 
operate  to  produce  reflex  movements ; — and,  on  the  other,  as  the  channel 
of  communication  between  the  roots  of  the  spinal  nerves  and  the  ence- 
phalic centres,  whereby  sensory  impressions  are  transmitted  upwards  to 
the  sensorium,  and  motor  influences  originating  in  the  brain  are  trans- 
mitted downwards  to  the  efferent  nerves.  But  with  regai-d  to  what  may 
be  termed  the  mechanism  by  which  this  is  effected,  there  is  at  present  a 
considerable  diversity  of  opinion  ;  which  arises  out  of  the  difficulty  of 
determining,  on  the  one  hand,  whether  any  of  the  root-fibres  actually 
terminate  in  the  grey  matter  of  the  Cord,  and,  on  the  other,  whether  the 
longitudinal  fibres  of  the  white  columns  are  actually  continuous  from  the 
Medulla  Oblongata  to  the  roots  of  the  Spinal  nerves.  Three  distinct 
notions  of  this  mechanism  at  present  have  their  several  advocates  amongst 
Anatomists  of  distinction. 

I.  According  to  the  first  view,  which  may  be  regarded  as  a  modification 
of  the  doctrine  which  was  cm-rent  before  the  independent  power  of  the 
Spinal  Cord  had  been  distinctly  recognized,  all  the  root-fibres  of  the  Spinal 
ners'es  are  brought  by  means  of  its  longitudinal  columns  into  direct 
continuity  with  the  Enceplmlic  centres;  so  that  sensory  impressions  are 
transmitted  upwards  to  the  sensorium,  and  motor  impulses  are  trans- 
mitted downwards  from  the  seats  of  volition,  emotion,  &c.,  without  any 
interruption.  Biit  these  fibres  pass  iliroxigli  the  grey  substance  of  the 
Spinal  Cord,  in  their  transit  from  the  white  columns  to  the  nerve-roots, 
and  arc  thus  subjected  to  the  influence  of  its  vesicular  matter,  which  is 
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■apable  of  exerting  an  indej)endent  operation  throngh  them,  especially 
when  their  continuity  with  the  Brain  is  interrupted. 

II.  According  to  the  second  view,  the  Spinal  Cord  is  the  real  ganglionic 
•cntre  of  all  the  root-fibres  of  the  nerves  issuing  from  it ;  each  pair  of 
'le.i-ves  being  thus  directly  connected  only  with  its  own  segment  of  the 
cord,  or  with  other  segments  a  little  above  or  below  this ;  and  the  func- 

ion  of  the  white  or  longitudinal  columns  being  to  establish  a  commissural 
•onnection  between  the  several  segments  of  the  Cord,  and  to  bring  them 
dto  connection  also  with  the  Encephalic  centres.    On  this  hypothesis,  no 
sensory  impressions  pass  directly  from  the  Spinal  nerves  to  the  Sensorium, 
and  no  motor  impulse  is  directly  transmitted  from  any  part  of  the  Ence- 
phalon  to  these  nerves,  the  vesicular  matter  of  the  Spinal  Cord  being  in 
each  case  the  immediate  recipient  of  the  change,  and  serving  (so  to  speak) 
IS  a  fresh  starting-point  for  the  nerve-force;  whilst,  if  the  connection  of 
ny  seg-ment  with  the  Encephalon  be  interrupted,  that  segment  reacts 
upon  impressions  transmitted  to  it,  in  virtue  of  the  direct  connection  of 
the  nerve-roots  wdth  its  own  ganglionic  centre. 

III.  The  third  view  is  a  combination  of  both  the  preceding  doctrines ; 
:  for  it  is  considered  by  those  who  advocate  it,  that  certain  of  the  root- 
!  fibres,  passing  continuously  along  the  longitudinal  columns  of  the  Cord, 
I  establish  a  direct  connection,  for  sensory  and  motor  purposes,  between 
1  the  Spinal  nerves  and  the  Encephalic  centres ;  whilst  certain  other  fibres 
i  have  their  central  termination  in  the  grey  matter  of  the  Cord  itself  It 
:  is  considered  on  this  hypothesis,  that  the  fibres  which  minister  to  sensory 
i  impressions,  do  so  in  virtue  of  their  direct  and  continuous  passage  from 
'  the  peripheral  sm'face  to  the  sensorium;  whilst  the  fibres  which  transmit 
>  downwards  from  the  Encephalic  centres  the  motor  impulses  originating 

in  them,  pass  continuously  to  the  muscles  which  they  call  into  play.  On 
the  other  hand,  each  segment  of  the  Cord  is  Considered  to  minister  to 
its  own  reflex  action;  the  different  segments,  however,  possessing  such 
a  commissural  connection  with  each  other,  that  an  impression  made  upon 
one  of  them  may  be  transmitted  to  many  others,  and  may  excite  reflex 
movements  through  them. — Among  those  who  hold  this  view,  however, 
there  is  a  very  considerable  difference  of  opinion  with  regard  to  the  real 
centre  of  the  EncephaUc  fibres ;  some  maintaining  that  they  pass  through 
the  Coqjora  Striata,  Thalami  Optici,  and  other  Sensory  Ganglia,  to  the 
peripheral  vesicular  matter  of  the  Cerebrum ;  whilst  others  hold  that  the 
real  termination  of  all  of  them  is  in  the  Sensory  Ganglia,  and  that  the 
Cerebrum  has  therefore  no  connection  with  them,  otherwise  than  through 
the  intemiediation  of  those  bodies.  Although  this  question  may  be  con- 
sidered as  rather  related  to  the  structure  and  functions  of  the  Encephalic 
centres,  than  to  that  of  the  Spinal  Cord,  yet  it  has  such  a  bearing  upon 
the  function  assigned  to  the  longitudinal  fibres  of  the  Cord,  that  it 
must  be  taken  into  account  in  the  present  discussion. 

700.  The  principal  argument  for  the  doctrine  (which  seems  to  have 
originated  with  the  anatomical  researches  of  Stilling  and  Wallach,*  and 
to  have  been  first  put  forth  on  a  j)hysiological  basis  by  Messrs.  Todd  and 
Piowman  t)  that  the  Spinal  Cord  is  the  real  centre  of  all  the  nerve-fibres 

•  "  Untersuchungen  iiber  die  Textur  des  RiickenmarkB,"  Leipzig,  1842. 
t  "  Physiological  Anatomy  and  Physiology  of  Man,"  Part  ii.,  1845. 
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connected  with  it,  arises  from  the  asserted  difficulty  of  supposing  that  its 
longitudinal  columns  can  transmit  any  considerable  number  of  nerve- 
fibres  from  the  Encephalon  to  the  Spinal  nerve-roots.  Thus  it  is  urged 
by  Dr.  Todd,  that  it  is  highly  improbable  that  the  only  channel  by  which 
the  Will  can  influence  the  spinal  nerves  should  be  (as  generally  admitted) 
that  afforded  by  the  Anterior  Pyramids;  since  the  whole  bulk  of  these 
pyramids  on  both  sides,  taken  together,  scarcely  equals  that  of  one  of  the 
anterior  portions  of  the  anterolateral  columns.  Moreover,  if  tliere  were  a 
gradual  giving-off  of  Encephalic  fibres  from  the  longitudinal  columns  into 
the  roots  of  the  nerves,  the  size  of  these  columns  ought  progressively  to 
diminish  from  above  downwards ;  whereas  it  is  asserted  by  Volkmann,  who 
has  strenuously  upheld  this  doctrine,*  that  the  size  of  the  white  columns 
presents  no  such  diminution,  but  that  it  is  everj^where  j)roportional  to 
the  quantity  of  grey  matter  in  the  Cord.  Thus  in  Serpents,  the  Spinal 
cord  (as  already  noticed)  is  remai'kable  for  its  uniformity  of  dimension 
through  its  entire  length,  the  absence  of  limbs  preventing  the  necessity 
for  an  increase  in  the  quantity  of  grey  matter  in  any  part,  and  the  fibrous 
columns  presenting  a  similar  uniformity  throughout ;  whereas,  if  the 
latter  be  really  Encephalic,  they  should  gradually  dwindle-away  from  the 
head  to  the  tail.  Moreover  it  has  been  estimated  by  Volkmann  that  the 
area  of  the  whole  Spinal  Cord  of  a  Boa,  at  its  anterior  part,  is  not  more 
than  one-eleventh  part  of  the  united  area  of  the  221  pairs  of  nerves  which 
are  given  off  from  it.  Further,  it  is  urged  by  Volkmann,  that  the  white 
columns  are  absolutely  smaller  in  the  cervical  region,  than  they  are  iu 
the  lower  part  of  the  cord,  so  that  they  woidd  not  suffice  to  convey  even 
the  lumbar  columns  upwards  to  the  Encephalon,  much  less  to  transmit 
the  fibres  of  all  the  intervening  nerves  in  addition.  Thus  having  weighed 
four  pieces  of  a  Horse's  spinal  cord,  all  of  the  same  length,  and  taken  re- 
spectively from  below  the  second,  eighth,  nineteenth,  and  thirtieth  pairs 
of  nerves,  he  found  that  their  weights  were  respectively  219,  293,  163, 
and  281  grains ;  and  that  the  transverse  sections  of  the  grey  matter  gave 
respectively  the  area  of  13,  28,  11,  and  25  square  lines,  whilst  those  of 
the  white  matter  measm-ed  109,  142,  89,  and  121  square  lines.  Hence 
the  greatest  amount  of  fibrous  as  well  as  of  grey  substance  is  found  in 
those  enlargements  of  the  cord  which  are  the  ganglionic  centres  of  the 
nerves  of  the  extremities  j  these  being  the  parts  from  which  the  second 
and  fourth  segments  were  taken  in  the  preceding  exi^eriment.  On  the 
other  hand,  in  the  middle  dorsal  region,  the  amount  of  fibrous  structure 
appears  reduced  to  its  minimum ;  and  in  the  upper  cervical  region  it  is  con- 
siderably less  than  in  the  segments  below. — These  and  similar  statements, 
however,  have  been  recently  met  by  Prof  Kolliker,t  who  inclines  to  the 
first  of  the  doctrines  stated  in  the  preceding  paragraph ;  his  OAvn  re-  > 
searches  having  led  him  to  a  conclusion  opj)osed  to  that  of  Volkmann,  | 
although  he  was  at  one  time  disposed  to  coincide  with  it.  He  has 
assured  himself  that  in  Man  the  thickness  of  the  white  columns  aug-  j 
ments  from  below  upwards,  and  that  the  increase  in  the  diameter  of  tlie 
Cord  at  the  ganglionic  enlargements  is  due  to  the  augmentation  of  the 

•  See  his  valuable  article  '  Nervenphj'siologie,'  in  AVagner's  "  Hand  wcirterljuch  dcr 
Physiologic." 

t  "  Mikroskopische  Anatomie,"  Band  ii.  §  116. 
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_;Tev  matter  only.  Moreover,  the  diameter  of  the  nerve-tubes  in  the 
t  'ord,  especially  at  its  upper  pai't,  is  so  much  smaller  than  the  diameter  of 
the  nerve-tubes  of  the  Nerve-roots,  that  a  large  allowance  must  be  made 
for  this  difference  in  estimating  the  relative  number  of  nerve-tubes  in  the 
i'lbrous  columns  of  the  Cord  and  in  the  spinal  Nerves;  and  he  asserts 
from  actual  measurement,  that  it  is  by  no  means  impossible  for  the 
iibrous  strands  of  the  former  to  contain  all  the  nerve-tubes  which  issue 
from  them  in  the  latter.  He  has  found  himself  unable,  moreover,  to 
detect  any  termination  of  nerve-fibres  in  the  vesicular  substance  of  the 
spinal  cord ;  and  hence  he  thinks  it  probable  that  they  all  pass  upwards 
io  the  brain. 

701.  The  researches  of  Prof  Kolliker  have  thus  shown  it  to  be  quite 
possible  that  many  of  the  nerve-fibres  (to  say  the  least)  do  pass  continu- 
' aisly  between  the  Encephalon  and  the  nerve-roots;  whilst  there  is  an 
antecedent  probability,  derived  from  the  relation  of  these  fibres  to  the 
vesicular  substance  of  the  Cord,  and  from  the  attributes  of  each  segment 
of  the  cord  as  an  independent  ganglionic  centre,  that  some  of  them  ter- 
minate there.  This  probability  becomes  very  strong,  when  the  Spinal 
Cord  is  compared  with  the  ventral  column  of  the  Articulata;  for  it  may 
be  stated  with  certainty,  that  some  of  the  root-fibres  of  the  nerves  pro- 
ceeding from  the  latter  have  their  ganglionic  centres  in  the  vesicular 
matter  of  the  ganglia;  whilst  it  is  equally  certain  that  some  of  the  fibres 
pass  along  the  purely  fibrous  tract  of  the  cord,  directly  to  the  cephalic 
ganglia,  which  they  thus  connect  with  the  roots  of  all  the  nerves.*  But 
this  fibrous  tract  terminates  in  the  Cephalic  ganglia,  which  are  homolo- 
gous, as  already  remarked  (§  674),  not  with  the  whole  Encephalon  of 
Vurtebrata,  but  with  their  'sensory  ganglia'  alone;  and  thus  analogy  would 
lead  us  to  suppose,  that  the  fibrous  strands  of,  the  Spinal  Cord  do  not  pass 
on  continuously  to  the  Cerebrum,  but  really  extend  no  further  upwards 
than  the  Corpora  Striata,  Thalami  Optici,  and  the  other  ganglionic 
centres  in  connection  with  them,  which  lie  along  the  floor  of  the  cranial 
cavity.  This  view  will  be  hereafter  shown  (Sect.  3)  to  be  in  harmony 
with  anatomical  and  physiological  facts,  which  indicate  that  the  Cere- 
bnma  only  receives  its  impulses  to  action  through  the  medium  of  the 
Sensory  Ganglia,  and  that  it  reacts  upon  the  muscular  apparatus  only 
through  the  same  channel.  That  some  of  the  afferent  fibres  of  the  spinal 
nei-ves  should  pass  continuously  upwai-ds  to  the  ganglia  of  tactile  sense  in 
Man  and  other  Vertebrata,  as  well  as  in  Articulated  animals,  would  seem 
a  legitimate  deduction  from  the  fact  that  such  continuity  obviously  exists 
between  the  olflictive,  visual,  and  auditory  nerves,  and  their  respective 
ganglionic  centres,  no  intermediate  apparatus  of  vesicular  matter  being 
interposed  in  their  course;  and  there  seems  no  reason  why  the  motor 
fibres  which  are  instrumental  in  those  movements  that  are  dependent 
upon  antecedent  or  co-existent  sensations,  should  not  pass  continuously 
from  these  sensorial  centres  to  the  muscles  which  are  called  into  action. 
If  such  be  the  case,  it  does  not  seem  at  all  improbable  that  there  should 

*  Sec  "  Princ.  of  Phys.,  Geii.  and  Comp.,"  §  70"fj. — Tlie  important  facts  here  referred  to, 
have  been  cliicfly  substantiated  by  the  researches  of  Mr,  Newport;  u  very  important  addition 
to  his  statements,  however,  has  been  recently  made  by  M.  Giinther,  who  has  demonstrated 
the  actual  continuity  between  the  nerve-fibres  and  the  caudate  vesicles,  in  the  ganglia  of  the 
ventral  cord  of  the  hccch. 
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be  a  difference  iu  difierent  tribes  of  animals,  as  to  the  proportion  of  fibres 
which  have  their  centres  in  the  Spinal  cord  and  in  the  Sensorial  centres 
respectively;  for  in  those  whose  ordinary  movements  of  progression,  &c. 
are  independent  of  sensation,  being  performed  through  the  reflex  action 
of  the  sj)inal  cord,  it  might  be  expected  that  the  chief  connection  of  the 
spinal  nei'ves  should  be  with  its  own  ganglionic  siibstance,  and  that  the 
bulk  of  the  fibrous  columns  shotdd  be  composed  of  commissural  fibres 
resembling  those  which  intervene  between  the  separate  portions  of  the 
ganglionic  tract  of  the  ventral  cord  of  Articulata  ;  whilst  in  like  manner 
it  might  be  anticipated  that  in  Man,  so  large  a  part  of  whose  movements 
are  performed  in  obedience  to  a  mental  stimulus  and  under  the  guidance 
of  sensation,  the  longitudinal  strands  shoidd  be  chiefly  composed  of  fibres 
that  directly  connect  the  sensorial  centres  with  the  roots  of  the  spinal 
nerves.  Such  a  difference  would  appear,  from  the  comparative  researches 
of  MM.  Volkmann  and  KoUiker,  to  exist  between  the  structure  of  the 
Spinal  cord  of  the  Horse  and  that  of  Man. 

702.  Of  the  three  doctrines  previously  stated,  then,  the  third  appears 
to  be  most  in  conformity  with  the  analogy  of  the  lower  animals;  whilst 
it  is  fairly  justified  by  all  that  is  certainly  known  of  the  anatomical 
structure  of  the  Spinal  Cord  in  Man.  When  originally  advanced  by  Mr. 
Grainger,*  its  novelty  chiefly  consisted  in  the  idea  that  any  of  the  root- 
fibres  of  the  spinal  nerves  have  their  central  termination  in  the  Spinal 
Cord;  and  no  doubt  was  at  that  time  entertained  by  Anatomists  or 
Physiologists,  that  the  Encephalic  fibres  pass  onwards  continuously  to 
the  peripheral  surface  of  the  Cerebrum,  and  directly  minister  to  volun- 
tary movement  as  well  as  to  sensation.  Conseqiiently,  Mr.  Grainger's 
view  of  the  constitution  of  the  Spinal  Cord  was  considered  by  many 
Physiologists  (among  whom  the  Author  is  not  ashamed  to  have  himself 
ranked)  as  affording  the  needed  structural  confirmation  to  Dr.  Marshall 
Hall's  hypothesis  of  a  system  of  nerve-fibres  ministering  to  the  reflex 
action  of  the  Cord,  physiologically  distinct  fi'om  those  which  are  sub- 
servient to  sensation  and  voluntary  movement.  But  when  that  distinc- 
tion is  made  between  the  several  Encephalic  centres  which  there  now 
appears  ground  for  relying-on,  those  fibres  which  connect  them  with  the 
Spinal  nerves  are  no  longer  to  be  accoimted  Cerebral,  nor  to  be  regarded 
as  ministering  to  volition ;  but,  on  the  other  hand,  are  to  be  considered 
as  merely  Sensorial,  and  as  belonging,  no  less  than  the  fibres  which  link- 
together  the  several  segments  of  the  Spinal  Cord  itself,  to  the  '  automatic 
apparatus'  (§  677). — Thus  the  view  here  advocated  has  a  close  2^hi/siolo- 
gical  resemblance  to  the  doctrine  of  Messrs.  Todd  and  Bowman,  Volk- 
mann, &c. ;  whilst  it  is  in  full  conformity  with  the  anatomical  facts 
supplied  by  Prof  Kolliker ;  for  whilst  it  recognizes  the  white  columns  of 
the  Spinal  Cord  as  chiefly  composed  of  fibres  which  form  a  continuous 
connection  between  the  nerve-roots  and  certain  Encephalic  centres,  it 
regards  these  fibres  as  really  of  the  same  order  with  those  which  are  gene- 
rally admitted  to  pass  from  the  nerves  of  one  segment  of  the  Spinal  Cord 
to  other  segments  above  and  below  it,  the  only  difference  being  that  they 
extend  themselves  to  its  cranial  segments;  and  it  considers  the  entire 
'  automatic  apparatus '  as  receiving  all  the  terminations  of  the  nerves, 

*  "  Observations  on  the  Structure  and  Functions  of  the  Spinal  Cord,"  1837. 
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SO  that  all  impressions  upon  the  afiPerent  nerves  first  operate  upon  it 
(affecting  the  consciousness,  or  not,  according  as  they  reach  the  sensory 
gtmglia,  or  are  arrested  in  their  progress  thither),  and  all  motor  impulses, 
whether  simply-reflex,  or  originating  in  emotional  or  volitional  excite- 
ment, are  issued  from  it  through  the  nerve-trunks  to  the  muscles. 

7 03.  In  considering  the  functions  of  the  Spinal  Cord,  we  have  to  regard 
it  under  two  aspects ; — in  the  first  place,  as  a  conductor  of  nervous  force 
between  the  Nerve-trunks  and  the  Encephalic  centres; — and  in  the  second 
place,  as  itself  an  independent  centre  of  nervous  power.  As  a  mere  con- 
ductor of  nervous  force,  its  functions  are  the  same  as  those  of  a  nerve- 
trunk  ;  for  if  it  be  divided,  all  the  parts  of  the  body  which  are  solely 
supplied  by  nerves  coming  off  below  the  point  of  section,  are  completely 
paralyzed  as  far  as  regards  sensibility  and  voluntary  movement;  no  im- 
pressions made  upon  them  having  the  least  power  to  afiect  the  conscious- 
ness, and  no  exertion  of  the  will  being  able  to  determine  contraction  of 
then-  muscles.  This  state  of  parajolegia,  which  may  be  experimentally 
induced  in  animals,  is  frequently  exhibited  in  Man  as  a  result  of  injury  or 
of  disease  which  seriously  implicates  the  Spinal  Cord ;  and  as  it  has  been 
shown  that  among  the  lower  animals  complete  reunion  of  the  Cord  may 
take  place  after  complete  division,  as  indicated  by  the  entire  restoration  of 
its  functional  powers  and  the  complete  redintegxation  of  its  structure 
(§  349),  so  have  we  reason  to  believe  that  a  similar  regeneration  may  take 
place  to  a  considerable  extent  in  Man,  this  being  marked  by  the  gradual 
return  of  sensibility  and  power  of  voluntaiy  movement  in  the  lower  limbs 
"which  had  been  at  first  completely  paralysed.  This  regeneration  is  of 
coui-se  less  likely  to  occur  in  cases  of  disease,  when  the  parts  around  are 
in  an  unhealthy  state,  than  when  the  paralysis  is  due  to  injury,  which  all 
the  restorative  powers  of  the  system  are  engaged  in  repairing :  but  it  is 
to  be  remembered,  that  as  the  injuries  which  are  likely  to  cause  such 
lesions  of  the  Cord  are  nearly  always  attended  with  severe  concussion  (it 
being  very  rare  for  it  to  be  accidentally  woimded  by  the  penetration  of 
a  sharp  instrument  between  the  vertebrte,  in  the  mode  in  which  experi  - 
ments are  made  upon  animals),  some  of  their  first  effects  are  attributable 
to  the  sJioch  which  it  has  sustained;  so  that  the  partial  recovery  which 
takes  place  at  an  early  period,  must  not  be  regarded  as  the  residt  of 
regeneration  of  nervous  tissue,  which  requires  a  much  longer  time  for 
its  completion. 

704.  The  conducting  power  of  the  entire  Spinal  Cord  being  thus 
established,  we  have  next  to  inquire  whether  any  difference  in  endow- 
ment can  be  shown  to  exist  in  its  several  columns.  By  Sir  C.  Bell,  it 
was  supposed  that  the  anterior  columns  possess  the  same  endowments  as 
the  anterior  roots  of  the  nerves,  and  the  posterior  columns  the  same  as 
the  posterior  roots;  and  this  view  is  supported  by  the  experiments  of 
Longet,'*  who  deduces  from  them  the  conclusion,  that  irritation  of  the 
posterior  columns,  as  of  the  posterior  nerve-roots,  gives  rise  to  excmciating 
pain,  without  exciting  any  other  movements  than  such  as  are  called 
into  action  in  reflex  respondence  to  the  impression,  and  that  irritation  of 
the  anterior  columns  excites  movements  directly  (or  without  reflexion), 

*  "Anatomic  et  Physiologic  du  Systemc  Nerveux,"  1842  ;  and  "  Traite  dc  Phvsioloiiic  " 
H).50,  torn.  ii.  pp.  184-8.  ^       6  > 
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and  is  not  a  sonrce  of  paiu.  Again,  he  found  tluit  when  the  Spinal  Cuiil 
was  completely  divided,  and  time  was  allowed  for  the  reflex  activity  ol' 
the  cord  to  subside  (this  disappearing  rapidly  in  adult  warm-blooded 
animals)  the  application  of  an  electric  current  to  the  posterior  columns 
of  the  separated  part  occasioned  no  movement  whatever,  whilst  its  trans- 
mission throi;gh  the  anterior  columns  called  forth  vigorous  movements. 
Moreover,  he  states  that  the  effects  of  the  reversal  of  the  electric 
current,  transmitted  throiigh  the  anterior  columns,  were  the  same  as 
those  of  the  same  reversal  when  the  currents  were  transmitted  through 
■the  anterior  roots  of  the  spinal  nerves ;  whilst  they  differed  from  those 
produced  by  the  same  change  in  the  direction  of  the  currents,  transmitted 
through  a  nerve  of  mixed  endowments. — The  researches  of  Van  Deen* 
lead  on  the  whole  to  the  same  conclusions :  but  they  tend,  in  his  opinion, 
to  show  that  the  conducting  power  both  of  the  anterior  and  posterior 
columns  is  veiy  imperfect,  if  their  white  strands  be  completely  separated 
from  their  grey  matter.  His  experiments  appear  to  have  conclusively 
established  that  the  grey  matter,  as  well  as  the  white,  possesses  conduct- 
ing powers ;  as  we  might  indeed  anticipate  from  the  circumstance,  that  it 
contains  a  large  amount  of  the  fibrous  form  of  nerve-tissue,  and  that  the 
commissural  connection  between  the  two  lateral  halves  of  the  Cord  is 
established  (according  to  INIr.  J.  L.  Clarke,  §  696)  by  its  grey  substance 
alone.  That  a  ready  transverse  communication  exists,  is  proved  not 
merely  by  the  fact  that  an  impression  made  upon  a  nerve  of  one  side  will 
very  commonly  excite  reflex  movements  on  both ;  but  also  by  the  experi- 
ment of  completely  dividing  one  half  of  the  cord  as  far  as  the  median  line, 
and  dividing  the  other  half  to  the  same  extent  a  short  distance  below 
the  first  section ;  for  this  operation  does  interrupt  the  transmission  of 
sensory  impressions,  although  it  seems  doubtful  whether  motor  influences 
can  be  thus  propagated. t — The  experimental  results  of  Stilling, J  again, 
are  on  the  whole  in  hai-mony  with  the  preceding;  but  he  lays  yet  greater 
stress  than  Van  Deen  on  the  importance  of  the  grey  matter  to  even  the 
conductive  power  of  the  white. — These  deductions,  however,  are  strongly 
opposed  by  Longet ;  who  afl&rms  that  he  could  never  obtain  any  evidence 
either  of  sensibility  or  of  motor  power,  on  irritating  the  grey  substance 
alone  by  the  electric  current;  and  that,  on  the  other  hand,  the  entire 
destruction  of  the  grey  matter  for  a  considerable  length,  by  means  of 
a  rod  introduced  into  the  interior  of  the  Cord,  did  not  seem  in  any 
degree  to  impair  the  conducting  power  of  its  columns. — It  must  be 
borne  in  mind,  however,  that  there  are  numerous  pathological  phenomena, 
which  it  is  very  difficult  to  reconcile  with  the  foregoing  conclusions 
regarding  the  relative  functions  of  the  anterior  and  posterior  columns  of 

*  "Traites  et  Decouvertes  sur  la  Physiologie  et  la  Moelle  Epiniere,"  Leide,  1841. 

+  A  case  is  cited  by  Longet  from  Begin,  in  which  a  man  was  stabbed  at  the  back  of  the 
neck,  the  point  of  the  knife  passing  obliquely  forwards  between  the  sixth  and  seventh 
cervical  vertebra;,  dividing  the  antcro-lateral  and  anterior  columns  of  the  Spinal  Cord  on  the 
right  side.  He  survived  the  injury  six  days  ;  and  suffered  from  complete  paralysis  of 
motion  of  the  corresponding  lower  extremity,  with  incomplete  paralysis  of  motion  of  the 
right  arm  :  the  sensibility  remaining  perfect.  This  case  seems  to  show  that  the  Will  has  no 
power  to  direct  its  motor  impulses  across  the  cord ;  since  the  parts  deriving  their  nerves  from 
the  part  of  the  cord  below  the  partial  section,  were  entirely  withdrawn  from  its  influence. 

X  "  Untersuchungen  iiber  die  Functionen  des  Riickenniarks  und  die  Nerven,"  Leipzig. 
1842. 


TUE  SPINAL  CORD, 


695 


the  Spinal  Cord;  cases  having  occurred,  iu  which  complete  destruction 
of  the  anterior  columns  appeared  to  have  taken  place,  without  loss  of 
voluntary  inotion  in  the  parts  below;  whilst  a  similar  destruction  of  the 
posterior  columns  has  occurred  without  corresponding  lesion  of  sensibility.* 
Biit  it  must  be  borne  in  mind  that  we  are  still  far  from  having  an  accu- 
mte  knowledge  of  the  degree  of  structural  change  in  the  nervous  centres, 
which  is  incompatible  with  the  continued  performance  of  their  functions ; 
and  that  there  are  instances  in  which  the  whole  thickness  of  the  cord  has 
undergone  softening  and  apparent  disintegration,  without  the  destruction  of 
the  functional  connection  between  the  Encephalon  and  the  parts  below 
the  seat  of  the  disease.  + 

705.  It  is  difficult  to  reconcile  with  the  experimental  results  already  cited, 
those  of  other  Physiologists,  which  appear  to  show  that  the  anterior  and 
posterior  divisions  of  the  Spinal  Cord  respectively  minister  to  the  motions 
of  flexion  and  extension.  This  notion,  which  originated  with  Bellingeri,:{: 
was  afterwards  advocated  by  Valentin,  §  who  inferred  from  his  exj)eri- 
ments,  that  if  the  posterior  column  of  the  Spinal  Cord  of  the  Frog  be 
iri'itated  at  the  point  at  which  the  nerves  of  either  extremity  are  given 
off,  that  extremity  is  extended^  and  that  if  the  anterior  column  be  irri- 
tated, the  extremity  is  flexed;  so  that,  since  he  admitted  the  anterior 
columns  to  be  chiefly  motor,  and  the  posterior  to  be  for  the  most  pai't 
sensory,  it  would  appear  that  the  motor  fibres  of  the  extensors  pass 
from  the  anterior  into  the  posterior  column,  whilst  those  of  the  flexors 
are  continued  onwards  in  the  anterior  column.  Confirmation  of  this  in- 
ference was  obtained  by  Valentin  from  experiments  on  Mammalia;  and 
it  is  borne-out,  according  to  him,  by  pathological  phenomena  observed  in 
Man.  According  to  this  eminent  physiologist,  also,  relaxation  of  the 
sphincters  is  analogous  to  the  extended  state  of  the  extremities;  and 
he  has  noticed  a  manifest  relaxation  of  the-  sphincter  ani  in  the  frog, 
when  the  superior  part  of  the  spinal  cord  was  irritated,  so  as  to  pro- 
duce extension  of  the  limbs.  The  experiments  of  Budge  ||  and  Engel- 
hai*t,ir  however,  led  them  to  an  opposite  conclusion;  for  it  a^^peared  to  them 
that,  in  Mammalia,  the  nerve-fibres  which  act  upon  the  extensor  muscles  are 
contained  in  the  anterior  columns,  and  those  of  the  flexor  muscles  in  the 
posterior  columns ;  whilst,  as  regards  the  Frog,  the  nerve-fibres  connected 
wdth  the  extensor  muscles  appeared  to  be  situated  posteriorly  to  those  of 
the  flexors.    The  experiments  of  Harless,"^*  again,  have  led  him  to  regard 

*  See  especially  the  case  recorded  by  Mr.  Stanley  in  "  Med.-Chir.  Transact.,"  vol.  xxiii. 
and  by  Dr.  Webster,  Op.  cit.,  vol.  xxvi. 

+  Sec,  for  example,  the  case  of  '  Softening  of  the  Spinal  Marrow,'  recorded  by  Dr.  Nairne 
in  the  "Med.-Chir.  Trans.,"  vol.  xxxiv. ;  in  which  a  portion  of  the  Cord  at  least  an  inch 
long,  situated  opposite  the  third  and  fourth  dorsal  vertebrae,  was  "  so  soft  that  the  slightest 
pressure  of  the  finger  broke  it  up,"  being  nearly  in  a  fluid  state  through  its  whole  thickness  ; 
yet  the  patient  Mi  pain  in  his  lower  limbs,  showing  that  the  power  oi  upward  transmission 
remained  ;  and,  although  he  had  lost  all  voluntary  control  over  the  muscles  of  the  lower  part 
of  the  body,  yet  they  were  affected  witli  incessant  cZtoj'cfc  movement  (which,  as  will  be  shown 
hereafter,  Sect.  7,  appears  to  originate  in  the  Sensory  Ganglia),  and  these  movements  were 
affected  in  such  a  marked  manner  by  emotions,  as  plainly  to  indicate  a  doiviiivard  transmission 
of  motor  power. 

+  "  De  Medulla  Spinali,  nervisque  ex  ea  prodcuntibus,"  &c.,  Turin,  1823. 

$  "De  Functionibus  Nervorum  Cerebralium  et  Nervi  Sympathici,"  Bernre,  1(^30. 

II  "  Unter  suchungen  liberdas  Nervensystem,"  1(541. 

MuUer's  Arcliiv.,"  heft  .'5,  1841.  *»  "  MiUlcr's  Archiv.,"  184(;. 
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the  ujyi^et'  part  of  the  spinal  cord  in  the  Frog,  between  the  2nd  and  4th 
vertebrae  inclusive,  as  specially  concerned  in  the  flexion  both  of  the  ante- 
rior and  posterior  extremities ;  and  the  loiver  part,  from  the  5th  to  the 

8tli  vertebrse  inclusive,  as  in  like  manner  concerned  in  their  extension.  

All  these  results  can  only  at  present  be  accepted  as  indicating  that  some 
such  special  arrangement  of  the  nerve-fibres  in  the  Spinal  Cord,  having 
reference  to  the  combination  of  different  muscular  actions  in  groups, 
may  have  a  real  existence ;  there  is  far  too  little  accordance,  however, 
among  the  phenomena  described  by  different  observers,  to  enable 
even  a  probable  statement  to  be  hazarded  in  regard  to  the  nature  of 
this  arrangement;  and  it  seems  quite  possible  that  it  may  vaiy  in  differ- 
ent animals,  in  accordance  with  their  resiDective  modes  of  progxession. 
As  far  as  Man  is  concerned,  we  have  no  evidence  but  that  of  pathological 
phenomena;  and  we  certainly  may  find,  in  many  forms  of  convulsive 
action,  an  indication  that  there  is  some  common  centre  or  tract  of  motor 
impulse  for  the  extensor  muscles  generally,  and  another  such  centre  or 
tract  for  the  flexors. 

706.  We  have  now  to  consider  the  Spinal  Cord  as  an  independent 
centre  of  nervous  power,  and  to  inquire  whether  the  movements  "which 
are  excited  through  its  'reflex'  activity  really  involve  sensation.  These 
movements  are  most  cliaracteristically  displayed,  when  the  Spinal  Cord 
is  cut  off"  from  communication  with  the  higher  Nervous  centres ;  probably 
rather  because  the  nerve-force  excited  by  the  impression  reacts  through 
the  Spinal  ganglion  to  which  it  is  conveyed,  when  it  can  no  longer  pass 
on  to  the  Encephalic  centres  (§  683),  than  because  (as  some  suppose)  the 
impulse  to  reflex  movement  is  ordinarily  neutralized  and  rendered  inope- 
rative by  an  effort  of  the  will.  It  is  true  that  those  reflex  actions  of  the 
Spinal  Cord  which  are  necessary  to  the  maintenance  of  Organic  life,  and 
which  are  equally  performed  whether  the  Spinal  axis  be  in  communica- 
tion with  the  higher  Encephalic  centres  or  not,  are  continually  modified 
or  temporarily  suspended  by  the  Will ;  but  this  is  only  when  we  con- 
sciously bring  the  Will  to  bear  upon  them;  and  it  is  no  less  certain 
that  we  are  not  continually  making  any  such  exertions,  in  order  to  an- 
tagonize movements,  which  (as  we  learn  from  Pathological  evidence), 
would  be  continually  excited  but  for  this  neutralizing  influence,  if  such  a 
doctrine  were  correct. — The  readiest  demonstration  of  the  independent 
power  of  the  Spinal  Cord,  is  derived  fi-om  the  motions  exhibited  by  the 
limbs  of  animals,  when  irritation  is  applied  to  them  after  section  of  the 
Spinal  Cord  at  some  point  above  the  entrance  of  their  neiwes ;  the  fact 
that  these  movements  are  reflected  through  the  Cord,  and  are  not  the 
product  of  direct  stimulation  applied  to  the  part  irritated,  being  showi 
by  their  complete  cessation  when  the  nerve-trunks  are  divided,  or  the 
substance  of  the  Spinal  Cord  is  broken  down.  Further,  it  is  to  be 
observed  that  a  slight  irritation  applied  to  the  peripheral  extremities  of 
the  afferent  nerves,  is  a  more  powerful  exciter  of  reflex  action  than  a 
much  stronger  impression,  which  occasions  acute  pain,  applied  to  their 
trunhs;  thus  Mr.  Grainger  found  that  he  could  remove  the  entire  hiud- 
leg  of  a  Salamander  with  the  scissors,  without  the  creature  moving,  or 
giving  any  expression  of  suffering,  if  the  Spinal  Cord  had  been  first 
divided;  yet  that  by  irritation  of  the  foot,  especially  by  heat,  in  an 
animal  similiu-ly  circumstanced,  violent  convulsive  actions  in  the  Icg-s  ana 
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ail  were  excited.    This  fact  is  important,  not  only  as  showing  the  com- 
arativcly  powerful  effect  of  impressions  upon  the  cutaneous  surface,  but 
Iso  as  proving  how  little  relation  the  amount  of  reflex  action  has  to  the 
utensity  of  sensation.    That  the  movements  executed  by  the  limbs  of 
(10  lower  animals,  when  these  are  no  longer  connected  by  the  Spinal  Cord 
\  ith  the  Encephalon,  but  remain  connected  with  the  Cord  itself,  do  not 
;),ke  place  through  the  intermediation  of  sensation,  might  be  supposed  to 
.0  sufficiently  proved  by  the  simple  fact,  that  division  of  the  Cord,  m 
'.ian,  and  hence  by  inference  in  the  lower  animals,  reduces  the  parts 
jIow  to  a  state  of  complete  insensibility.    But,  on  the  other  hand,  the 
,  Li-y  performance,  by  decapitated  animals  of  inferior  tribes,  of  actions 
s\  hich  had  not  been  witnessed  in  Man  under  similar  circumstances,  has 
'cen  held  to  indicate,  that  the  spinal  cord  in  them  has  an  endowment 
\\  hich  his  does  not  possess.  The  possibility  of  such  an  explanation,  however 
unconformable  to  that  analogy  throughout  organized  nature,  which,  the 
more  it  is  studied,  the  more  invariably  is  found  to  guide  to  truth,  could 
not  be  disproved.    Whatever  experiments  on  decapitated  animals  were 
appealed  to,  in  support  of  the  doctrine  that  the  Brain  contains  the  only 
Mjat  of  sensibility,  could  be  met  by  a  simple  denial  that  the  Spinal  Cord 
is  eveiywhere  as  destitute  of  that  endowment  as  it  appears  to  be  in  Man. 
The  cases  of  profound  sleep  and  apoplexy  might  be  cited  as  examples  of 
reflex  action  without  consciousness  j  but  these  have  been  met  by  the  asser- 
t  ion,  that  in  such  conditions  sensations  are  felt,  though  they  are  not 
■rmembered.    It  is  difficult,  however,  to  apply  such  an  explanation  to  the 
ase  of  anencephalous  human  infants  (in  which  all  the  ordinary  reflex 
actions  have  been  exhibited,  with  an  entire  absence  of  brain),  without 
supposing  that  the  MeduUa  Oblongata  is  the  seat  of  a  sensibility  which 
we  know  that  the  lower  part  of  the  Spinal  Cord  jdoes  not  possess ;  and  of 
this  there  is  no  evidence  whatever, — Experiments  on  tlie  lower  animais, 
then,  and  observation  of  the  phenomena  manifested  by  apoplectic  patients 
;ind  anencephalous  infants,  might  lead  to  the  conclusion,  that  the  Spinal 
( .'ord  does  not  itself  possess  sensibility,  and  that  its  reflex  actions  are  inde- 
[jendent  of  sensation.   At  this  conclusion,  Unzer,  Prochaska,  Sir  G.  Blane, 
Mourens,  and  other  physiologists,  had  arrived';  but  it  was  not  until 
pecial  attention  was  directed  to  the  subject  by  Dr.  M.  Hall,  that  facts 
w  ere  obtained  by  which  a  positive  statement  of  it  could  be  supported, 
l^'or  the  question  might  have  been  continually  asked, — If  the  Spinal  Cord 
iu  Man  be  precisely  analogous  in  function  to  that  of  the  lower  Vertebrata, 
why  are  not  its  reflex  phenomena  manifested,  when  a  portion  of  it  is 
-evered  from  the  rest  by  disease  or  injiu-y  1    The  answer  to  this  question 
IS  twofold.    In  the  first  place,  simple  division  of  the  cord  with  a  sharp 
instrument  leaves  the  sepai'ated  portion  in  a  state  of  much  more  complete 
integi'ity,  and  therefore  in  a  state  much  more  fit  for  the  performance  of 
its  peculiar  functions,  than  it  ordinarily  is  after  disease  or  violent  injury; 
and  as  the  former  method  of  division  is  one  with  which  the  Physiologist 
is  not  likely  to  meet  in  Man  as  a  result  of  accident,  and  which  he  cannot 
experimentally  put  in  practice,  the  cases  in  which  reflex  actions  would  be 
manifested  are  likely  to  be  comparatively  few.    But,  secondly,  a  sufficient 
number  of  such  instances  have  now  been  accumulated,  to  prove  that  the 
occurrence  is  by  no  means  so  rare  as  might  have  been  supposed;  and  that 
nothing  is  required  but  patient  observation,  to  throw  a  great  light  on  this 
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interesting  question,  from  the  phenouiena  of  disease.  A  most  valuable 
collection  of  such  cases,  occurring  within  his  own  experience,  has  been 
published  by  Dr.  W.  Budd;*  and  the  leading  facts  observed  by  him  will 
be  now  enumerated. 

707.  In  the  first  case,  paraplegia  was  the  result  of  angular  distortion  of 
the  spine  in  the  dorsal  region.    The  sensibility  of  the  lower  extremities 
was  extremely  feeble,  and  the  power  of  voluntaiy  motion  was  almost 
entirely  lost.  "  When,  however,  any  part  of  the  skin  is  pinched  or  pricked, 
the  limb  that  is  thus  acted  on  jmnps  with  great  vivacity;  the  toes  are 
retracted  towards  the  instep,  the  foot  is  raised  on  the  heel,  and  the  knee 
so  flexed  as  to  raise  it  ofi"  the  bed ;  the  limb  is  maintained  in  this  state  of 
tension  for  several  seconds  after  the  withdrawal  of  the  stimulus,  and  then 
becomes  suddenly  relaxed."    "In  general,  while  one  leg  was  convulsed, 
its  fellow  remained  quiet,  unless  stimidus  was  applied  to  both  at  once." 
"  In  these  instances,  the  pricking  and  pinching  were  perceived  by  the 
patient;  but  much  more  violent  contractions  ai-e  excited  by  a  stimulus,  of 
whose  j)^'<isence  he  is  unconscious.    When  a  feather  is  passed  lightly  over 
the  skin,  in  the  hollow  of  the  instej),  as  if  to  tickle,  convulsions  occur  in 
the  corresponding  limb,  much  more  vigorous  than  those  induced  by 
pinching  or  pricking;  they  succeed  one  another  in  a  rapid  series  of  jerks, 
which  are  repeated  as  long  as  the  stimulus  is  maintained."    "When  any 
part  of  the  limb  is  u-ritated  in  the  same  way,  the  convulsions  which  ensue 
are  very  feeble,  and  much  less  powerful  than  those  induced  by  pricking 
or  pinching."    "  Convidsions,  identical  with  those  already  described,  ai'e 
at  all  times  excited  by  the  acts  of  defecation  and  micturition.    At  these 
times,  the  convulsions  ai"e  much  more  vigorous  than  under  any  other 
circumstances,  insomuch  that  the  patient  has  been  obliged  to  resort  to 
mechanical  means  to  secure  his  person  while  engaged  in  these  acts. 
Diiring  the  act  of  expulsion,  the  convidsions  succeed  one  another  rapidly, 
the  urine  is  discharged  in  interrupted  jets,  and  the  passage  of  the  fasces 
suffers  a  like  interruption."     The  convulsions  are  more  vigorous,  the 
greater  the  accumidation  of  urine;  and  involuntary  contractions  occur 
whenever  the  bladder  is  distended,  and  also  when  the  desire  to  reheve  the 
rectum  is  manifested.    "  In  all  these  circumstances,  the  convulsions  ai'c 
perfectly  in  voluntaiy ;  and  he  is  unable,  by  any  effort  of  the  will,  to  con- 
trol or  moderate  them."    The  patient  subsequently  regained,  in  a  gi-adual 
manner,  both  the  sensibility  of  the  lower  extremities,  and  voliintaiy  power 
over  them ;  and  as  voluntary  power  increased,  the  susceptibility  to  invo- 
luntary movements,  and  the  extent  and  power  of  these  diminished. — This 
case,  then,  exhibits  an  increased  tendency  to  perform  reflex  actions,  when 
the  control  of  the  brain  was  removed ;  and  it  also  shows  that  a  slight  im- 
pression upon  the  surface,  of  which  the  patient  was  not  conscious,  was 
more  efficacious  in  exciting  reflex  movements,  than  were  others  that  more 
powerfully  affected  the  sensory  organs. — It  should  be  added  that,  in  the 
foregoing  case,  the  nutrition  of  the  lower  extremities  was  not  impaired,  as 
in  most  cases  of  paraplegia;  the  rationale  of  this  phenomenon,  which  is 
to  be  constantly  observed  when  the  reflex  actions  of  the  part  remain 
entire,  wiU  be  understood  by  reference  to  §  325. 

708.  In  another  case,  the  paralysis  was  more  extensive,  having  been 

*  "  Medico-Chirurgical  Transactions,"  vol. 
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produced  by  an  injury  (residtiug  from  a  fall  into  the  hold  of  a  vessel)  at 
the  lower  part  of  the  neck.  There  was  at  first  a  total  loss  of  voluntary 
power  over  the  lower  extremities,  trunk,  and  hands;  slight  remaining 
voluntary  power  in  the  wrists,  rather  more  in  the  elbows,  and  still  more 
in  the  shoulders.  The  intercostal  muscles  did  not  participate  in  the 
movements  of  respiration.  The  sensibility  of  the  hands  and  feet  was 
greatly  impaired.  There  were  retention  of  urine,  and  involuntary  evacu- 
ation of  the  fasces.  Recovery  took  place  very  gradually ;  and  during  its 
progi-ess,  several  remarkable  phenomena  of  reflex  action  were  observed. 
At  fii-st,  tickling  one  sole  excited  to  mo  vement  that  limb  only  which  was 
acted  upon ;  afterwards,  tickling  either  sole  excited  both  legs,  and,  on  the 
26th  day,  not  only  the  lower  extremities,  but  the  trunk  and  other  extre- 
mities also.  Irritating  the  soles,  by  tickling  or  otherwise,  was  at  first  the 
only  method,  and  always  the  most  efficient  one,  by  which  convulsions 
coidd  be  excited.  From  the  26th  to  the  69th  day,  involuntary  move- 
ments in  all  the  palsied  parts  continued  powerful  and  extensive,  and  were 
excited  by  the  following  causes:  in  the  lower  extremities  only,  by  the 
passage  of  flatiis  from  the  bowels,  or  by  the  contact  of  a  cold  urinal  with 
the  penis;  convulsions  in  the  upper  extremities  and  trunk,  attended  with 
sighing,  by  plucking  the  hair  of  the  pubes.  On  the  41st  day,  a  hot  plate 
of  metal  was  ajDplied  to  the  soles,  and  found  a  more  powerful  excitor  of 
movement  than  any  before  tried.  The  movements  continued  as  long  as 
the  hot  plate  was  kept  applied ;  but  the  same  plate,  at  the  common  tem- 
peratm-e,  excited  no  movements  after  the  first  contact.  The  contact  was 
distinctly  felt  by  the  patient ;  but  no  sensation  of  heat  was  perceived  by 
him,  although  the  plate  was  applied  hot  enough  to  cause  vesication.  At 
three  difierent  intervals,  the  patient  took  one-eighth  of  a  grain  of  strychnia 
three  times  a  day.  Great  increase  of  susceptibility  to  involuntary  move- 
ments immediately  followed,  and  they  were  excited  by  the  slightest  causes. 
No  convulsions  of  the  upper  extremities  could  ever  be  produced,  however, 
by  irritating  their  integaiment;  though,  under  the  influence  of  strychnia, 
pulling  the  hair  of  the  head,  or  tickling  the  chin,  would  occasion  violent 
spasmodic  actions  in  them.  Spontaneous  convulsions  of  the  palsied  parts, 
which  occm-red  at  other  times,  were  more  frequent  and  more  powerful 
after  the  use  of  strychnia.  On  the  first  retiu-n  of  voluntary  power,  the 
patient  was  enabled  to  restrain  in  some  measure  the  excited  movements ; 
but  this  required  a  distinct  effort  of  the  will;  and  the  first  attempts  to 
walk  were  curiously  affected,  by  the  persistence  of  the  suscejjtibility  to 
excited  involuntary  movements.  When  he  first  attempted  to  stand,  the 
knees  immediately  became  forcibly  bent  under  him ;  this  action  of  the 
legs  being  excited  by  contact  of  the  soles  with  the  ground.  On  the  95th 
day  this  effect  did  not  take  i)lace,  until  the  patient  had  made  a  few  steps ; 
the  legs  then  had  a  tendency  to  bend-up,  a  movement  which  he  counter- 
acted by  rubbing  the  surface  of  the  belly:  this  rubbing  excited  the 
extensors  to  action,  and  the  legs  became  extended  with  a  jerk.  A  few 
more  steps  were  then  made;  the  manoeuvre  rejjeated,  and  so  on.  This 
susceptibility  to  invohmtary  movements  from  impressions  on  the  soles, 
gradually  diminished;  and  on  the  141st  day,  the  patient  was  able  to 
walk  about,  supporting  himself  on  the  back  of  a  chair  which  he  pushed 
before  him;  ])ut  his  gait  was  unsteady,  and  much  resembled  that  of 
chorea.    Sensation  improved  very  slowly :  it  was  on  the  53rd  day  that 
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he  first  slightly  perceived  the  heat  of  the  metal  plate. — Now  in  this  case 
the  abolition  of  common  sensation  was  not  so  complete  as  in  the  former 
instance;  but  of  the  peculiar  kind  of  impression,  which  was  found  most 
efficacious  in  exciting  reflex  movements,  no  consciousness  whatever  was 
experienced.  Not  less  interesting  was  the  circumstance,  that  convulsions 
could  be  readily  excited  by  impressions  on  surfaces  above  the  seat  of 
injury :  as,  by  pulling  the  hair  of  the  scalp,  a  sudden  noise,  and  so  ou. 
This  proves  two  imj)ortant  points :  first,  that  a  lesion  of  the  cord  may  be 
such  as  to  intercept  the  transmission  of  voluntary  influence,  and  yet  may 
allow  the  transmission  of  that  reflected  from  incident  nerves.  Secondly, 
that  all  influ.ences  from  impressions  on  incident  nerves  are  difiused  through 
the  cord;  for,  in  the  instance  adduced,  the  reflected  influence  was  un- 
doubtedly not  made  to  deviate  into  the  cord  by  the  morbid  condition  of 
that  organ,  but  followed  its  natural  course  of  diff'usion,  being  rendered 
manifest  in  this  case  by  the  convulsions  which  were  excited,  in  conse- 
quence of  increased  activity  of  the  motor  function  of  the  cord.  It  is 
further  interesting  to  remark,  that,  in  the  foregoing  case,  the  reflex 
actions  were  very  feeble  during  the  first  seven  days,  in  comparison  with 
then'  subsequent  energy ;  being  limited  to  slight  movements  of  the  feet, 
which  could  not  always  be  excited  by  tickling  the  soles.  In  another  case 
of  very  similar  character,  it  was  tlu'ee  days  after  the  accident,  before  any 
reflex  actions  could  be  produced.  It  is  evident,  then,  that  the  spinal 
cord  must  have  been  in  a  state  of  concussion,  which  prevented  the  mani- 
festation of  its  peculiar  fvmctions,  so  long  as  this  effect  lasted ;  and  it  is 
easy,  therefore,  to  perceive,  that  a  stiU  more  severe  shock  might  perma- 
nently destroy  its  power,  so  as  to  prevent  the  exhibition  of  any  of  the 
phenomena  of  reflex  action. 

709.  So  many  cases  of  this  kind  have  now  occurred,  that  it  may  be 
considered  as  a  demonstrated  fact,  that  the  Spinal  Cord,  or  insulated 
portions  of  it,  may  serve  in  Man,  no  less  than  in  the  lower  animals,  as  the 
centre  of  very  energetic  reflex  actions,  when  the  Encephalic  power  which 
ordinarily  operates  through  it  is  suspended  or  destroyed,  or  when  it  is 
prevented  from  influencing  the  Spinal  nerves  by  such  an  injury  to  the 
Cord  above  their  points  of  connection  with  it,  as  prevents  the  transmis- 
sion of  nervous  polarity  :  and  it  is  further  evident  that  these  movements 
are  not  more  dependent  upon  sensation,  than  they  are  upon  the  will, 
since  they  may  be  excited  without  the  consciousness  of  the  individual, 
even  when  this  is  fully  directed  to  the  part.*  And  we  thus  have  ade- 
quate ground  for  the  assertion,  that  the  movements  which  may  be  called 
forth  by  stimulation  in  the  states  of  profound  Sleep  or  Coma,  are  not  to 
be  held  to  indicate  that  sensation  is  even  momentarily  excited  ;  since  we 
know  that  the  reflex  power  of  the  Spinal  Cord  may  be  called  into  action 
by  impressions  which  do  not  travel  onwards  to  the  sensorium,  or  which 
are  powerless  to  affect  the  consciousness  even  when  they  arrive  there. 
These  reflex  actions  of  the  Spinal  Cord  have  much  more  regularity  and 

"  The  Author  is  informed  by  his  friend  Mr.  Paget,  that  among  the  notes  left  by  John 
Hunter  (which  furnished  some  of  the  materials  for  the  admirable  Catalogue  of  the  Patholo- 
gical portion  of  the  Hunteiian  Museum  drawn  up  by  Mr.  Paget),  there  was  the  record  ot  a 
case  of  paraplegia,  in  which  it  appeared  that  Hunter  had  witnessed  reflex  movements  ot  the 
legs  in  wliich  sensation  did  not  participate.  When  the  patient  was  asked  whether  lie  fell 
the  irritation  by  which  the  motions  were  excited,  he  significantly  replied— glancing  at  Ins 
limbs,—"  No,  Sir,  but  you  see  my  legs  do," 
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ippai-ent  piirposiveness  in  the  lower  Vertebrata,  approaching  in  this 
ospect  to  the  reflex  actions  of  the  ganglionic  column  of  Articulata,  than 
hey  have  in  Man.    For  we  see  that  when  a  portion  of  his  Spinal  Cord  is 
\  ithdrawn  from  the  influence  of  the  Cerebrum,  the  reflex  actions  that 
Lay  be  excited  in  the  limbs  with  which  it  has  nervous  connection,  are 
.isorderly  and  purposeless  in  their  character,  notwithstanding  that  they 
I  nay  be  powerful ;  whilst,  on  the  other  hand,  if  a  Frog  be  decapitated,  its 
Mxly  is  still  supported  on  its  limbs  in  the  usual  position,  and  will  recover 
aiis  if  it  be  distm-bed;  irritation  of  the  feet  will  cause  it  to  leap;  tickling 
the  cloaca  with  a  probe  will  excite  eflbrts  to  push  away  the  instrument; 
iu  fact,  the  movements  altogether  show  almost  as  much  adaptiveness 
and  regularity,  as  if  the  mind  of  the  animal  were  engaged  in  direct- 
ing them.    It  would  seem  absurd,  however,  to  attribute  any  psychical 
agency  to  the  Spinal  Cord;  since,  to  remove  these  movements  from  the 
category  of  automatic  actions,  we  must  attribute  to  that  organ  a  jDOwer, 
not  merely  of  feeling,  but  also  of  choosing  and  dii-ecting  movements  with 
a  conscious  design;  and  all  our  knowledge  of  the  functions  of  the  Nerv- 
t  »us  System  tends  to  the  belief,  that  such  attributes  belong  only  to  the 
I>rain.    Hence,  the  adaptiveness  of  the  reflex  actions  performed  by  many 
« if  the  lower  tribes  of  animals,  can  only  be  held  to  indicate  that  a  larger 
hai'e  of  such  adaptation  is  effected  in  them  by  what  may  be  termed  the 
niechanism  of  their  nervous  centres,  and  that  less  is  left  to  voluntary 
choice  and  direction,  which  can  only  be  safely  trusted  where  a  consi- 
derable amount  of  Intelligence  exists  to  guide  it.    That  the  existence  of 
oven  the  most  perfectly  adapted  combination  of  different  muscular  ac- 
tions, all  obviously  bearing  upon  a  definite  object,  does  not  in  itself 
justify  the  attributing  this  combination  to  a  design  or  voluntary  choice 
in  the  individual  that  executes  it,  is  sufficiently  proved  by  the  existence 
if  such  a  combination  in  various  automatic  movements,  most  essential  to 
the  maintenance  of  the  organic  functions,  which  are  performed  with  the 
ntmost  regularity,  not  only  without  our  bestowing  any  volitional  effort 
upon  tliem,  but  also  under  circumstances  which  indicate  that  not  even 
our  consciousness  has  any  share  in  developing  or  directing  them.  Such 
are  the  ordinary  and  extraordinary  movements  of  Respiration,  the  move- 
ments of  Deglutition  and  Defecation,  &c. 

710.  Medulla  Oblongata. — The  cranial  prolongation  of  the  Spinal  cord, 
which  is  distinguished  by  this  appellation,  has  been  regarded  by  some  Phy- 
siologists as  the  peculiar  seat  of  vitality ;  since,  although  the  other  Ence- 
phalic masses  may  be  withdrawn  from  above,  and  nearly  the  whole  of  the 
Spinal  Cord  may  be  removed  from  below,  without  the  destruction  of  life, 
yet  a  complete  stop  is  put  to  the  current  of  vital  action  when  the  Medulla 
Oblongata  is  destroyed.  But  the  dependence  of  the  vital  activity  of  the 
body  generally  upon  the  functional  integrity  of  this  part  of  the  nei-vous 
system,  is  simply  consequent  upon  the  fact,  that  the  Medulla  Oblongata 
contains  the  ganglionic  centre  of  the  Respiratory  movements ;  upon  the 
continuance  of  which,  as  already  shown  (chap.  x.  Sect.  3),  the  continuance 
of  the  Circulation  is  dependent,  and,  with  this,  the  maintenance  of  the 
Organic  functions  generally.  In  no  other  essential  respect  docs  the 
Medulla  Oblongata  differ  from  the  Medulla  Spinalis,  than  in  its  ministra- 
tion to  certain  classes  of  reflex  movements  which  are  specially  destined  to 
afford  the  conditions  requisite  for  the  performance  of  the  functions  of 
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Fig.  131. 


Respiration  and  'Deglntition,  instead  of  exerting  its  reflex  power  in  tlu" 
ordinary  locomotive  actions  of  the  body;  but  the  arrangement  of  its 
fibrous  strands  and  of  its  nuclei  of  grey  matter  is  peculiar ;  and  a  brici 
notice  of  its  structure,  and  of  the  connections  of  its  parts,  is  consequently 
desirable. — Four  principal  strands  of  nerve-fibres  may  be  distinguished  in 
each  of  its  lateral  halves ;  these  are, — i.  The  Anterior  Pyramids  or  Cor- 
pora  Pyvamidalia ;  ii.  The  Olivary  Bodies,  or  Corpora  Olivaria;  in.  The 
Restiform  Bodies,  or  Gorporia  Restiformia ;  otherwise  called  Processus  a 
Cerebello  ad  Medidlam  Ohlongatam;  iv.  The  Posterior  Pyramids,  or  Cor- 
pora Pyramidalia  Posteriora. — The  connections  of  these  with  the  Brain 
above,  and  with  the  Spinal  Cord  below,  will  be  presently  traced.*  The 
vesicular  substance,  on  the  other  hand,  is  principally  aggregated  in  three 
l^airs  of  ganglionic  centres;  of  wdiich  the  anterior  forms  the  nucleus  of  the 
Olivary  body,  the  lateral  of  the  Restiform,  and  the  2^osterior  of  the  Pos- 
terior Pyi'amidal. 

711.  The  Anterior  Pyramids  (i)  consist  entirely  of  fibrous  structure, 

and  establish  a  communica- 
tion between  the  '  motor 
tract'  (Fig.  131  mt)  of  the 
Crura  Cerebri,  and  the  an- 
terior and  antero-lateral  co- 
lumns of  the  Spinal  Cord. 
The  principal  pai-t  of  their 
fibres  decussate ;  and  these, 
as  they  pass  from  abo^c 
downwards,  dip  away  from 
the  anterior  surface  of  the 
Cord,  and  connect  them- 
selves with  its  middle 
lateral  columns,  instead  of 
with  its  anterior,  as  was 
pointed  out  by  Rosenthal,+ 
and  more  fully  described  by 
Dr.  J.  Reid.|  A  small  part 
of  the  fibres  of  the  pyra- 
midal columns,  however,  do 
not  decussate,  but  proceed 
downwards   on   the  same 


Dissection  of  the  Medulla  Oblongata,  to  show  the  connections 
of  its  several  strands : — a,  corpus  striatum;  b,  tlialanius  opti- 
cus; c,  D,  corpora  quadriitemina;  e,  commissure  connecting 
them  with  the  cercljcllum ;  f,  corpora  restiformia;  p,  p,  pons 
varolii ;  st,  si,  sensory  tract;  mt,  vit,  motor  tract ;  g,  olivary 
tract;  p,  pyramidal  tract;  oj;,  olivary  ganglion ;  o/>,  optic  nerve ; 
3  m,  root  of  the  third  pair  (motor);  5s,  sensory  root  of  the  fifth 
pair. 


*  Great  diversities  will  be  found  in  the  accounts  given  of  those  connections  by  different 
authors ;  some  of  which  are  attributable  to  a  variation  in  the  use  of  terms,  which  must  not 
pass  unnoticed.  By  the  majority  of  Anatomists,  the  name  of  Corpora  Restiformia  is  given  to 
the  Cerebellar  Columns;  and  this  designation,  therefore,  it  seems  advisable  to  retain.  Some, 
however,  and  amongst  them  Dr.  J.  Reid,  in  his  very  excellent  description  of  the  Anatoni}'  of 
the  MeduHa  Oblongata  ("•  Edinb.  Med.  and  Surj;.  Journal,"  Jan.  1841),  give  that  name  to 
the  columns  that  pass  up  from  the  posterior  division  of  the  spinal  cord  into  the  crus  cerebri 
— which  are  here  called  (after  Sir  C.  Bell)  the  posterior  pyramids ;  and  apply  the  terms 
Posterior  Pyramids  to  the  Cerebellar  column.  The  truth  is  that,  as  Sir  C.  IBell  has  justly 
observed,  all  the  tracts  of  fibrous  matter  connecting  the  Brain  with  the  Spinal  Cord,  have  a 
somewhat  jt5?/ra?nzc/aZ  form  ;  and  it  might  be  added  tliat  all  have  something  of  a  resiifortn  or 
cord -like  aspect. 

t  "Ein  Beitrag  zur  Encephalatomie,"  Weimar,  1815. 

X  "Edinb.  Med.  and  Surg.  Jouru.,"  Jan.  1841  ;  and  "Physiol.,  Pathol.,  and  Anat.  Re- 
searches," chap.  vii. 
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i(le,  into  the  coiTesponding  anterior  columns  of  the  Spinal  Cord,  — 
1 1.  The  Olivary  bodies  are  composed  of  fibrous  strands,  enclosing  a  grey 
luiclcus  (Fig.  131,  ofj)  on  either  side.  The  upward  continuation  of  the 
former  divides,  while  passing  through  the  Pons  Varolii,  into  two  bands, 
one  of  which  proceeds  upwards  and  forwards  as  a  part  of  the  'motor  tract' 
{m  i)  of  the  Crus  Cerebri,  whilst  the  other  (o)  proceeds  upwards  and  back- 
wards to  reach  the  Coi'pora  Quadrigemina  (c,  d).  The  olivary  columns 
are  continuous  inferiorly  with  the  anterior  columns  of  the  Spinal  Cord; 
and  aftbrd  attachments  to  the  anterior  roots  of  the  1st  and  2nd  cervical 
nerves.  The  vesicular  nucleus,  which  is  known  as  the  corpus  dentatum, 
^eems  to  be  especially  connected  with  the  origins  of  the  nerves  concerned 
in  the  regulation  of  the  movements  of  the  tongue ;  thus  we  find  that 
anteriorly  a  portion  of  the  roots  of  the  Hypoglossal,  which  is  the  motor 
nerve  of  the  tongue,  issue  from  it ;  whilst  posteriorly  a  portion  of  the 
roots  of  the  Glosso-pharyngeal,  which  is  one  of  the  sensoiy  nerves  of  that 
organ,  seem  to  terminate  in  it. — in.  The  Restiforin  bodies,  in  like  manner, 
each  consist  of  fibrous  strands  (f)  enclosing  a  gi^ey  nucleus.  The  fibrous 
strands  pass  upwards  into  the  Cmra  Cerebelli ;  whilst  below  they  arc 
chiefly  continuous  with  the  posterior  columns  of  the  Spinal  Cord,  having 
also  some  connection  with  the  posterior  part  of  the  middle  columns. 
Tliuse  Cerebellar  columns  also  communicate,  however,  with  the  anterior 
(jolnmns  of  the  Spinal  Cord,  by  a  band  of  'arciform'  fibres,  whose  connec- 
tions were  first  distinctly  described  by  Mr.  Solly;*  of  these  there  is  a 
superficial  set  which  unites  itself  with  the  pyramidal  columns,  and  a  deep 
set  which  comes  into  relation  with  the  olivary.  Their  gi-ey  nucleus,  or 
'restiform  ganglion,'  appears  to  l^e  the  ganglionic  centre  of  the  Pneumo- 
'j,'astric  nerves,  and  of  a  portion  of  the  roots  of  the  Glossopharyngeal. — 
IV.  The  Posterior  Pyramids  are  scarcely  distinguishable  externally  from 
the  Ptcstiform  bodies,  of  which  they  were  formerly  described  as  a  consti- 
tuent jjart;  they,  however,  foim  the  immediate  boundaries  of  the  posterior 
median  fissure  ;  and  whilst  superficially  raarked-ofF  from  the  Restiform 
l)odieS  by  a  slight  groove,  are  more  completely  separated  from  them  by 
their  anatomical  relations  to  the  parts  above  and  below.  Their  fibres 
'establish  a  connection  between  the  sensory  tract  {st,  st)  of  the  Crura 
Cerebri,  and  the  posterior  part  of  the  lateral  columns  of  the  Spinal  Cord, 
some  of  them  passing  also  into  its  posterior  columns.  These  fibrous 
tracts  are  stated  by  Mr.  Solly  t  and  Dr.  Radclyfi^e  Hall  J  to  decussate, 
partially  at  least,  whilst  passing  through  the  Pons  Varolii.§  The  grey 
nuclei  of  the  Posterior  Pyramids,  situated  immediately  beneath  the  'fourth 
ventricle'  (which  is  nothing  else  than  the  space  left  by  the  divergence  of 
the  Restiform  and  Posterior-Pyramidal  tracts),  are  the  ganglionic  centres 
of  the  Auditoiy  nerves,  or  the  \)ro]}QT  Auditory  ganglia ;  and  it  is  interest- 
ing to  observe  that  their  seat  precisely  corresponds  with  that  of  the  rudi- 
raental  organ  of  hearing  in  many  Invertebrata. 

•  "Philosophical  Transactions,"  1836. 

t  "The  Human  Brain,"  2nd  edit.,  p.  243; 

t  "Edinb.  Med.  and  Surg.  Joum.,"  July,  1847,  Plate  vii. 

§  A  decussation  of  the  Posterior  Pyramids  was  described  by  Sir  C.  Bell  as  occurrini^  at 
the  same  level  with  the  decussation  of  the  Anterior  Pyramids  (Fig,  13.3,  c)  ;  there  can  be 
no  doubt,  however,  that  this  is  an  error,  which  probably  originated  in  his  having  misinter- 
preted the  appearance  presented  by  the  posterior  aspect  of  the  anterior  decussation. 
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712.  Tlie  Medulla  Oblongata  is  usually  considered  as  terminating  at  the 
lower  border  of  tbe  Pons  Vai-olii ;  but  it  will  be  convenient  here  to 
trace  upwards  the  strands  by  which  it  is  connected  with  the  higher  Ence- 

Fig.  132. 


/;  ■ 

Coxjrse  of  the  Motor  tract,  according  to  Sir  C.  Bell.— A,  a,  fibres  of  the  Heniisiihcres,  con- 
verging to  form  the  anterior  portion  of  the  cms  cerebri ;  b,  the  same  tract,  where  passing  tlie 
crus  cerebri;  c,  the  i-ight  Pyramidal  body,  a  little  above  the  point  of  decussation  ;  n,  thcremani- 
ing  part  of  the  Pons  Varolii,  a  portion  having  been  dissected  oft"  to  expose  n. — 1,  olfactory  ncn  c, 
in  outline;  2,  union  of  optic  nerves;  3,  3,"  motor  ocuU ;  -J,  4,  pathcticus;  5,  5,  trigeminus; 
6,  6,  its  muscular  division;  ",  /,  its  sensory  root:  8,  origin  of  sensory  root  from  the  posterior 
part  of  the  medulla  oblongata  ;  9,  abduccns'oculi;  10,  auditory  nerve ;  1 1,  fiicial  nerve ;  12,  eight  n 
pair;  13,  hypoglossal ;  14,  spinal  ner\es;  13,  spinal  accessory  of  right  side,  separated  firom  par 
yagum  and  glosso-pharyngeal. 

phalic  centres,  as  a  cleai-er  idea  of  its  anatomical  and  physiological  rela- 
tions will  thus  be  obtained. — The  Pons  is  chiefly  composed  of  tmusverse 
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fibres  which  constitute  the  great  commissiu'e  of  the  Cerebellum ;  and 
hese  fibres  not  only  surround  the  longitudinal  bands  which  connect 
he  Cerebral  mass  with  the  Spinal  Cord,  but  pass  througJi  them;  so 
is  in  some  degree  to  isolate  the  two  lateral  halves  from  one  another, 
md  to  form  a  complete  septum  between  the  anterior  and  posterior  por- 
tions of  each.    These  anterior  and  posterior  tracts  of  the  Crura  Cerebri 
.  re  respectively  subservient  to  the  motor  and  the  sensory  functions ;  as  is 
leai-ly  indicated  by  the  endowments  of  the  nerves  which  are  connected 
.  ith  each."^ — The  Motor  tract  is  brought  into  view,  by  simply  raising  the 
su2)erficial  layer  of  the  Pons,  and  tracing  upwards  and  downwards  the 
longitudinal  fibres  which  then  present  themselves.    It  is  then  found,  that 
these  fibres  may  be  traced  upwards  into  the  Corpora  Striata;  and  down- 


FiG.  133. 


Course  of  the  Sensory  tract  according  to  Sir  C.  Bell.— a.  Pons  Varolii ;  b,  b,  sensory  tract 
separated  ;  c,  union  of  posterior  columns;  d,  d,  posterior  roots  of  spinal  nerves;  e,  sensory 
roots  of  fifth  pair. 

wards  into  the  Anterior  Pyramids  and  a  portion  of  the  Olivary  columns ; 
80  that  they  connect  the  Corpora  Striata  with  the  anterior  and  with  the 
anterior  portion  of  the  lateral  columns  of  the  Spinal  Cord.  With  this  tract 
we  find  connected — passing  from  below  upwards — the  roots  of  the  Spinal 
Accessory,  the  Hypoglossal,  the  Facial  or  Portio  Dura  of  the  7th,  the  6th 
or  Abducens  oculi,  the  smaller  root  of  the  5th  (which  can  be  traced  to 
the  part  of  the  Olivary  column  that  passes  upwai'ds  to  the  Corpora 
Quadrigemina),  the  4th  or  Trochlearis  (which  is  attached  to  the  same 
part  of  the  tract),  and  the  3rd  or  Oculo-motor  nerves;  all  of  which  are 
purely  motor  in  their  endowments.— The  Sensory  tract  is  displayed,  by 
opening  the  Medulla  Oblongata  on  its  posterior  aspect;  and  then  sepa- 

*  This  was  first  clearly  shown  by  Sir  C.  Bell  in  the  "  Philos.  Transact.,"  1835. 
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rating  and  turning  aside  the  Restiform  columns,  so  as  to  bring  into  view 
the  posterior  pyramids.  Its  fibres  may  be  traced  upwards  into  the 
Thalami  Optici ;  whilst  they  pass,  through  the  Posterior  Pyramids,  into 
the  posterior  portion  of  the  lateral  columns,  and  also  into  the  2^ost^rior 
columns  of  the  Spinal  Cord.  With  this  tract  are  connected  nearly  the 
whole  of  the  roots  of  the  Pneumogastric  and  Glosso-pharyngeal  nei'ves, 
and  the  larger  or  sensory  root  of  the  5th  pair. — The  greater  part  of  the 
Motor  tract  decussates  where  the  Anterior  Pyramids  become  continuous 
with  the  lateral  columns  of  the  Spinal  Cord;  on  the  other  hand,  the 
greater  part  of  the  Sensory  tract  decussates  in  its  passage  through  the 
Pons  Varolii. — The  following  tabular  view  may  assist  in  conveying  a 
knowledge  of  this  somewhat  intricate  piece  of  Anatomy;  which,  when 
once  mastered,  will  be  found  to  be  really  simpler  than  it  appears. 


Spinal  Cord.  Medulla  Oblongata.  Brain. 

A  nterior  or  Motor  Division. 


iArciform  fibres  of  Olivary  and  Anterior  Pyramidal  columns  Cerebellum. 
Posterior  portion  of  Olivary  columns  ....     Coi-pora  Quad- 
Anterior  portion  of  Olivary  columns       .       .       .      ^  rigemina. 
Non-decussating  portion  of  Anterior  Pyramidal  columns  (  Corpora  Striata 
Anterior  portion  of  )  ..         ^-       c  \  l    •     r>  ^  i 

Lateral  Columns  (  ^^'^iissating  portion  oi  Anterior  Pyramidal  columns     .  / 

Posterior  or  Sensory  Division. 
Tf^Latend  Column^  \  decussating  portion  (?)  of  Posterior  Pyramidal  columns       1  Thalami 

Posterior  Columns!  Non-decussating  portion  (?)  of  Posterior  Pyramidal  columns 

(  Kestiiorm  columns        ......  Cerebellum. 

713.  Nerves  of  the  Spinal  Axis. — With  the  Spinal  Cord  (in  its  hmited 
sense)  there  ai'O  connected  thirty-one  pairs  of  nerves;  each  of  these  cor- 
responding to  a  vertebral  segment  of  the  body,  and  having  a  double  set 
of  roots,  as  ali-eady  described  (§  696).    The  anterior  roots  are  usually  the 
smaller;  and  this  is  particulariy  the  case  with  those  of  the  cervical 
nerves,  in  which  the  posterior  roots  are  of  remarkable  comparative  size. 
In  the  1st  Cervical  or  'sub-occipital'  pair,  the  anterior  roots  are  some- 
times wanting;  but  there  is  then  a  derivation  of  fibres  from  the  Spinal 
Accessory,  or  from  the  Hypoglossal,  or  from  both.    The  two  roots  of  the 
ordinary  Spinal  nerves  unite  immediately  beyond  the  ganghon,  which  is 
situated  on  the  posterior  one;  and  the  trunk  thus  formed  separates  im- 
mediately into  two  divisions, — the  anterior  and  posterior, — each  of  which 
contains  both  afferent  and  motor  fibres.    These  divisions,  of  which  the 
antei'ior  is  by  far  the  larger,  proceed  to  the  anterior  and  posterior  parts  of 
the  body  respectively;  and  are  chiefly  distributed  to  the  skin  and  the 
muscles.    The  anterior  branch  is  that  which  communicates  with  the 
Sympathetic  nerve. — In  addition  to  these,  however,  the  cranial  prolong-a- 
tion  of  the  Spinal  Axis  is  the  centre  of  all  the  cephalic  nerves,  save  those 
of  special  sensation,  which  terminate  in  their  respective  ganglia ;  and  as 
these  cephalic  nerves  are  for  the  most  part  distinguished  by  the  pecu- 
liarity of  their  endowments,  they  require  to  be  separately  noticed. 

71 4.  The  pair  of  nerves  commonly  designated  as  the  Fijih  oi  tne 
Cephalic  series,  or  as  the  Trigeminus,  is  the  one  which  more  nearly  re- 
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zombies  the  ordinary  Spinal  nerves  (as  was  long  since  pointed  out  by  Sii- 
C.  Bell),  than  does  any  other  of  those  originating  within  the  cranium.  It 
possesses  two  distinct  sets  of  roots,  of  which  one  is  much  larger  than  the 
>ther;  on  the  lai'ger  root,  as  on  the  posterior  and  larger  root  of  the 
Spinal  nerves,  is  a  distinct  ganglion;  and  the  fibres  arising  from  the 
smaller  root  do  not  blend  with  the  others,  until  after  the  latter  have 
passed  through  this  ganghon.  The  trunk  of  the  nerve  separates,  as  is 
well  known,  into  three  divisions, — the  Ophthalmic,  the  Superior  Maxillary, 
and  the  Inferior  Maxillaiy ;  and  it  can  be  easily  shown,  by  careful  dissec- 
tion, that  the  fibres  of  the  smaller  root  pass  into  the  last  of  these  divi- 
sions alone.  When  the  distribution  of  this  nerve  is  carefully  examined, 
it  is  found  that  the  first  and  second  divisions  of  it  proceed  almost  entirely 
to  the  skin  and  mucous  surfaces,  only  a  very  small  proportion  of  their 
fibres  being  lost  in  the  muscles;  whilst  of  the  branches  of  the  third 
division,  a  large  number  are  distinctly  muscular.  Hence  analogy,  and 
the  facts  supplied  by  anatomical  research,  would  lead  to  the  conclusion, 
that  the  first  two  divisions  are  nerves  of  sensation  only,  and  that  the 
third  division  combines  sensory  and  motor  endowments.  Such  an  infer- 
ence is  fully  borne  out  by  experiment.  When  the  whole  trunk  is  divided 
within  the  cranium  by  the  penetration  of  a  sharp  instrument  (which 
Magendie,  by  firequent  practice,  has  been  able  to  accomplish),  evident 
signs  of  acute  pain  are  given.  After  the  incision  has  been  made  through 
the  skin,  the  animal  remains  quiet  until  the  nerve  is  touched;  and  when 
it  is  pressed  or  divided,  doleful  cries  are  uttered,  which  continue  for  some 
time,  showing  the  painful  efiect  of  the  irritated  state  of  the  cut  extremity. 
The  common  sensibility  of  all  the  parts  supplied  by  this  nerve  is  entirely 
destroyed  on  the  affected  side.  The  jaw  does  not  hang  loosely,  because 
it  is  partly  kept  up  by  the  muscles  of  the  other  side ;  but  it  falls  in  a 
flight  degree ;  and  its  movements  are  seen,  when  carefully  observed,  to 
l)e  somewhat  oblique.  If  the  trunk  be  divided  on  each  side,  the  whole 
head  is  deprived  of  sensibility;  and  the  animal  carries  it  in  a  curious 
vacillating  manner,  as  if  it  were  a  foreign  body. — If  the  anterior  or 
Ophthalmic  branch  only  be  divided,  all  the  parts  supplied  by  it  are  found 
to  have  lost  their  sensibility,  but  their  motions  are  unimpaired ;  and  all 
experiments  and  pathological  observations  concur  in  attributing  to  it 
sensoiy  endowments  only.  The  only  apparent  exception  is  in  the  case  of 
the  naso-ciliary  branch,  since  there  is  good  reason  to  believe  that  the 
long  root  of  the  ciliary  ganglion  and  the  long  ciliary  nerves  possess  motor 
powers ;  bu.t  these  appear  to  be  derived  from  the  Sympathetic  or  from  the 
3rd  pair.  Wlien  the  whole  nerve,  or  its  anterior  branch,  is  divided  in  the 
rabbit,  the  pupil  is  exceedingly  contracted,  and  remains  immovable ;  but 
in  dogs  and  pigeons  it  is  dilated.  The  pupil  of  the  other  eye  is  scarcely 
affected ;  or,  if  its  dimensions  be  changed,  it  soon  returns  to  its  natiu'al 
state.  The  eyeball,  however,  speedily  becomes  inflamed ;  and  the  inflam- 
mation usually  runs  on  to  suppuration  and  complete  disorganization. 
The  commencement  of  these  changes  may  be  commonly  noticed  within 
twenty-four  hours  after  the  operation ;  and  they  appear  to  be  due  to  the 
want  of  the  protective  secretion,  which  (as  will  be  explained  when  the 
direct  influence  of  the  nervous  system  upon  the  organic  functions  is  con- 
sidered) is  necessary  to  keep  the  mucous  surface  of  the  eye  in  its  healthy 
condition,  and  which  is  not  formed  when  the  sensibility  of  that  surface 
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is  destroyed. — The  Superior  Maxillari/  branch,  considered  in  itself,  ia 
equally  destitute  of  motor  endowments  with  the  ophthalmic;  but  its 
connections  with  other  nerves,  through  the  spheno-palatine  ganglion  and 
its  anastomosing  twig-s,  may  introduce  a  few  motor  fibres  into  it. — The 
Inferior  Maxillary  branch  is  the  only  one  which  possesses  motor  as  well 
as  sensory  endowments  from  its  origin ;  but  its  different  subdivisions 
possess  these  endowments  in  varying  proportions,  some  being  almost  ex- 
clusively motor,  and  othei-s  as  completely  of  a  sensoiy  character.  The 
latter  is  probably  the  nature  of  the  Lingual  branch ;  and  thei'e  seems  good 
reason  to  believe,  as  will  hei-eafter  be  showni  (§  717),  that  this  ministera 
not  only  to  the  tactile  sensibility  of  the  tongue,  but  to  the  sense  of  Taste. 
The  muscles  put  in  action  by  this  division  are  solely  those  concerned  iu 
the  masticatory  movements. — The  5th  pair  is  connected,  in  different  pails 
of  its  coui-se,  with  a  number  of  small  ganglia  belonging  to  the  Sympathe- 
tic system.  One  of  the  most  interesting  of  these  ganglia  is  the  Ophthal- 
mic or  Ciliary  (Fig.  134),  which  is  the  centre  whence  the  eyeball  derives 
its  supply  of  nerves,  sensoiy,  motor,  and  sympathetic.  This  ganglion 
derives  its  sensory  fibres  by  its  'long  root'  from  the  nasal  branch  of  the 
Ophthalmic  division  of  the  5th  pair;  its  motor  fibres,  by  the  'short 
root,'  fi-om  the  3rd  pair ;  whilst  by  another  small  root  it  is  connected 
with  the  cavernous  plexus  of  the  Sympathetic  system; — thus  presenting 
a  sort  of  miniature  representation  of  the  entire  series  of  Sympathetic 
ganglia,  and  of  theu-  connections  with  the  Cerebro-spiual  system.* 

715.  The  Third,  Fourth,  and  Sixth  pairs,  together  make  up  the 
apparatus  of  motor  nerves,  by  which  the  muscles  of  the  Orbit  ai*e  called 
into  action.  The  3rd  pair  supplies  the  greater  number  of  the  muscles ; 
the  4tlx  being  confined  to  the  Superior  Oblique,  and  the  6th  to  the  Exter- 
nal Rectus.  Of  these  nerves,  the  3rd  pair  is  the  only  one  which  exhibits 
any  appearance  of  sensibility,  when  its  trunk  is  irritated;  but  this  seiisi- 

*  The  functions  of  this  ganglion  have  been  made  the  subject  of  particular  investigation  by 
Dr.  C.  Radclyffe  Hall  ("  Edinb.  Med.  and  Surg.  Journal,"  1846-48),  whose  most  important 
results  are  as  follows : — 

1 .  The  size  of  the  ciliary  ganglion  is  alwaj's  in  direct  proportion  to  the  activity'  of  the  ins, 
which  in  turn  always  bears  a  direct  relation  to  the  strength  and  acuteness  of  vision,  and  to 
the  nocturnal  habits  of  the  animal,  and  implies  a  proportionate  development  of  the  internal 
vascular  apparatus  of  the  eye. 

2.  The  ganglion  is  always  more  intimately  connected  with  the  3rd  pair  than  with  any 
other,  the  size  of  the  short  root  being  al  waj's  in  direct  relation  to  that  of  the  ganglion ;  and 
the  ganglion  being  sometimes  a  mere  swelling  on  the  trimk  of  the  nerve. 

3.  The  fibres  derived  from  the  5th  pair  do  not  terminate  in  the  ganglion,  but  pass  on- 
wards through  it  to  the  ciliary  plexus. 

4.  In  the  Rabbit,  the  iris  receives  fibres  from  the  6th  pair  which  do  not  pass  through 
the  ganglion  ;  and  it  is  through  this  thiit  the  contraction  of  the  pupil  is  produced  in  that 
animal  by  irritation  of  the  5th  pair,  which  will  not  produce  any  eflfect  upon  the  pupil  of  the 
Dog,  Cat,  or  Pigeon,  so  long  as  it  does  not  affect  the  brain  to  the  extent  of  producing  vertigo, 
nor  affect  the  visual  sense  in  any  other  way.  _  , 

5.  Irritation  of  the  5th  nerve'  does  not  in  any  animal  affect  the  action  of  the  iris  after  the 
division  of  the  cerebral  connections  of  all  the  other  ocular  nerves ;  so  that  its  influence  over 
the  movements  of  the  iris  must  be  reflected  through  the  encephalic  centres,  not  througn  tne 
ophthalmic  ganglion. 

6.  The  function  of  the  ganglionic  centre  itself,  as  a  part  of  the  Sympathetic  system, 
is  to  bring  the  "organic  actions"  of  the  eyeball,  especially  its  supply  of  blood,  into  harmony 
with  its  functional  activity;  this  harmony  being  produced  by  the  passage  of  the  cerebro- 
spinal nerves  through  the  ganglion,  which  CKcites  the  synergetic  action  of  its  own  vesicle 
and  nerve-fibres. 
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hility  is  not  nearly  so  great  as  that  of  the  5th  pair;  and  as  there  is 
11)  reason  to  believe  that  it  is  really  possessed  by  the  3rd  in  virtue  of  its 
lii-ect  connection  with  the  nervous  centres,  it  is  probably  imparted  by 
I  he  "anastomosis  of  that  nerve  with  the  5th, — some  filaments  of  which 
may  pass  backwards  as  well  as  forwards,  so  as  to  confer  sensibility  on  the 


The  Nerves  of  the  Orbit  seen  from  the  outer  side :  after  Arnold.— 1 .  Section  of  the  frontal  bone ; 
immediately  behind  the  numeral  is  the  frontal  sinus,  and,  in  front,  the  integument.  2.  The 
superior  maxillary  bone;  the  section  in  front  of  the  numeral  exhibits  the  maxillary  sinus. 
3.  Part  of  the  sphenoid  bone.  4.  The  levator  palpebrae  and  superior  rectus  muscles.  5.  The 
superior  oblique  muscle.  6,  The  inferior  oblique  muscle.  7.  The  ocular  half  of  the  external 
rectus  muscle  drawn  forwards.  8.  The  orbital  half  of  the  external  rectus  muscle  turned  down- 
wards. On  this  muscle  the  sixth  nerve  is  seen  dividing  into,  branches.  9-  The  inferior  rectus 
muscle.  10.  The  optic  nerve.  11.  The  internal  carotid  arterylemerging  from  the  cavernous 
sinus.  12.  The  ophthalmic  artery.  13.  The  third  nerve.  14.  The  branch  of  the  third  nerve  to 
the  inferior  oblique  muscle.  Between  this  and  the  sixth  nerve  (7)  is  seen  the  branch  which  sup- 
plies the  inferior  rectus ;  its  branch  to  the  ophthalmic  ganglion  is  seen  proceeding  from  the 
upper  side  of  the  trunk  of  the  nerve,  at  the  bottom  of  the  orbit.  15.  The  fourth  nerve.  l6.  The 
trunk  of  the  fifth  ner\'e.  17.  The  Casserian  ganglion.  18.  The  ophthalmic  nerve.  19,  The 
superior  maxillary  nerve.  20.  The  inferior  maxillary  nerve.  21.  The  frontal  nerve.  22.  Its 
division  into  branches  to  supply  the  integument  of  the  forehead.  23.  The  lachrymal  nerve. 
24.  The  nasal  nerve;  the  small  nerve  seen  in  the  bifurcation  of  the  nasal  and  frontal  nerve,  is 
one  of  the  branches  of  the  upper  division  of  the  third  nerve.  25.  The  nasal  nerve  passing  over 
the  internal  rectus  muscle  to  the  anterior  ethmoidal  foramen.  26.  The  infra-trochlear  nerve. 
27.  A  long  ciliary  branch  of>the  nasal;  another  long  ciliary  branch  is  seen  proceeding  from  the 
lower  a,spect  of  the  nerve.  28.  The  long  root  of  the  ophthalmic  ganglion,  proceeding  from  the 
nasal  nerve,  and  receiving  the  sympathetic  root  which  joins  it  at  an  acute  angle.  29.  The 
ophthalmic  ganglion,  giving  off  from  its  fore-part  the  short  ciliary  nerves.  30.  The  globe  of 
the  eye. 

tmnk  of  the  3rd,  above  as  well  as  beyond  their  point  of  entrance. — The 
peculiar  mode  in  which  those  motor  nerves  ordinarily  excite  the  muscles 
to  action,  under  the  guidance  of  the  visual  sense,  will  be  considered  in 
the  next  Section,  Although  commonly  ranked  as  cephalic  nerves,  they 
have  no  direct  connection  with  the  Cerebrum;  their  real  origin  being 
from  the  upper  part  of  the  Spinal  Axis  (§  712),  The  roots  of  the  3rd 
pair  may  be  traced  into  direct  connection  with  the  Corpora  Quadri- 
gemina ;  a  fact  of  considerable  physiological  importance,  as  will  hereafter 
appear, — The  chief  actions  of  a  pm'ely  reflex  nature,  to  which  this  group 
of  nerves  ordinarily  ministers,  are  the  government  of  the  diameter  of  the 
pupil,  which  is  accomplished  through  the  Third  pair ;  and  the  rolling  of 
the  eyeball  Ijeneatli  the  upper  lid  during  sleep,  as  well  as  in  the  efforts 
of  sneezing,  coughing,  &c.    But  irregular  movements  of  the  eyeballs 
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which  must  be  refen-ed  to  the  same  group,  are  continually  seen  to  accom- 
pany various  other  forms  of  convulsive  action. 

716.  The  Poriio  Dura  of  the  Seventh  pair,  or  Facial  nerve,  has  been 
considered,  since  the  first  reseai'ches  of  Sir  C.  BeU,  to  be  a  nerve  of  motiou 
only;  but  some  physiologists  have  maintained,  that  it  both  possesses 
sensory  endowments,  and  arises  by  a  double  root.  According  to  Valentin, 
laowever,  who  experimented  on  the  roots  exposed  -within  the  cranium,  it 
possesses  no  sensory  endowments  at  its  origin;  since,  when  these  roots 
were  touched,  the  animals  gave  no  signs  of  pain,  though  violent  musculai- 
movements  were  excited  in  the  face.  Subsequently  to  its  first  entrance 
into  the  canal  by  which  it  emerges,  however,  it  anastomoses  with  other 


Fig.  135. 


The  distribution  of  the  Facial  nerve,  and  the  branches  of  the  Cervical  plexus. — 1.  The  facial 
nerve,  escaping  from  the  stylo-niastoid  foramen,  and  crossing  the  ramus  of  the  lower  jaw ;  the 
parotid  gland  has  been  removed  in  order  to  see  the  nerve  more  distinctly.  2.  The  posterior  auri- 
cular branch  ;  the  digastric  and  stylo-mastoid  filaments  are  seen  near  the  origin  of  this  branch- 
3.  Temporal  branches,  communicating  with  (4)  the  branches  of  the  frontal  ner\'e.  5.  Facial 
branches,  communicating  with  (6)  the  infra-orbital  nerve.  7.  Facial  branches,  communicating 
with  (8)  the  mental  nerve.  Q.  Cervico-facial  branches,  communicating  with  (10)  the  super- 
ficialis  colli  nerve,  and  forming  a  plexus  (11)  over  the  submaxillary  gland.  The  distribution  of 
the  branches  of  the  facial  in  a  radiated  direction  over  the  side  of  the  face,  constitutes  the  pes 
anserinus.  12.  The  auricularis  raagnus  nerve,  one  of  the  ascending  branches  of  the  cemciu 
plexus.  13.  The  occipitalis  minor,  ascending  along  the  posterior  border  of  the  sterno-niastoiQ 
muscle.  14.  The  superficial  and  deep  descending  branches  of  the  cervical  plexus,  15.  The 
spinal  accessory  nerve,  giving  off  a  branch  to  the  external  surface  of  the  trapezius  muscle. 
16.  The  occipitalis  major  nerve,  the  posterior  branch  of  the  second  cervical  nerve. 

nerves;  and  thus  sewsory  fibres  are  introduced  into  it  fi'om  many  different 
sources, — anteriorly,  from  the  5th  pair,  and  posteriorly,  from  the  cervical 
nerves, — which  cause  irritation  of  several  of  its  branches  to  produce  pam. 
The  number  and  situation  of  the  anastomoses  vary  much  in  different 
animals ;  so  that  it  is  impossible  to  make  any  very  comprehensive  state- 
ment in  regard  to  them. — Experimental  reseai-ches  leave  no  doubt  that 
the  Portio  Dura  is  the  general  motor  nerve  of  the  face ;  ministering  to  the 
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illiience  of  Volition  and  of  Emotion,  and  also  being  the  channel  of  the 
ilex  movements  concerned  in  respiration  and  other  automatic  actions 
the  muscles;  but  not  being  in  the  least  concerned  in  the  act  of 

aastication.  ,  ,       .       i      ,  x? 

717.  The  functions  of  the  Glosso-Pharyngeal  nerve  have  been  heretofore 
Ihided  to  in  part;  but  there  still  remain  several  questions  to  be  discussed 
P  regai-d  to  them.  Seasons  have  been  given  for  the  belief,  that  it  is 
•liiefly  an  afferent  nerve,  —  scarcely  having  any  direct  power  of  exciting 
iiuscular  contraction,  but  conveying  impressions  to  the  Medulla  Oblon- 
ata,  which  produce  reflex  movements  of  the  motor  nerves  concerned  m 
iedutition  (§  427).  This  view  of  its  function  was  deduced  by  Dr.  J .  Reid 
ioui  minute  anatomical  investigation,  and  from  a  large  number  of  expe- 
•iments.  Some  experimenters  assert,  that  they  have  succeeded  m  excit- 
ug  dii-ect  muscular  actions  through  its  trunk ;  but  these  actions  seem  to 
.0°  limited  to  the  stylo-pharyngei  and  to  the  palato-glossi  muscles.— 
Much  controversy  has  taken  place  on  the  question,  whether  this  nerve  is 
.0  be  regarded  as  ministering,  pai-tly  or  exclusively,  to  the  sense  of  Taste; 
iud  many  high  authorities  have  ranged  themselves  on  each  side.  The 
liiestion  involves  that  of  the  function  of  the  Lingual  branch  of  the  5th 
Mil-;  and  it  is  partly  to  be  decided  by  the  anatomical  relations  of  the 
[wo  nei-ves  respectively.  The  Glosso-pharyngeal  is  principally  distributed 
jn  the  mucous  surface  of  the  fauces,  and  on  the  back  of  the  tongue  ;  but 
iccording  to  Valentin,  it  sends  a  branch  foi-wards,  on  either  side,  some- 
what beneath  the  lateral  margin,  which  supplies  the  edges  and  inferior 
,iuface  of  the  tip  of  the  tongue,  and  inosculates  with  the  Lingual  branch 
L)f  the  5th.    On  the  other  hand,  the  upper  surface  of  the  fr-ont  of  the 

-ug-ue  is  supphed  by  this  Lingual  branch.  The  experiments  of  Dr. 
Alcock,  whose  conclusions  are  borne  out  by  Dr..J.^Reid,  decidedly  support 
the  conclusion,  that  the  gustative  sensibility  of  this  part  of  the  tongue  is 
cliiefiy  due  to  the  latter  nerve,  being  evidently  impaired  by  division  of 
it.  On  the  other  hand,  it  is  equally  cei-tain,  that  the  sense  of  taste  is  not 
ilestroyed  by  section  of  the  Lingual  nerve  on  each  side  ;  and  it  seems  also 
well  ascertained,  that  it  is  impaired  by  section  of  the  Glosso-pharyngeal 
nerve. — The  pathological  evidence  bearing  upon  this  point  appears  some- 
what contradictory.  Numerous  cases  have  been  recorded,*  in  which  both 
common  and  gustative  sensation  were  destroyed  in  the  parts  of  the 
t^ongue  supphed  by  the  5th  pair,  when  that  nerve  was  paralysed;  in 
ume  of  these,  the  loss  of  the  sense  of  taste  appeared  to  extend  itself  to  the 

ase  of  the  tongue,  but  then  there  was  evidence  that  the  Glosso-pharyngeal 
w  as  involved  in  the  paralysis.  On  the  other  hand,  cases  of  paralysis  of 
tlie  5th  pair  are  related  by  Mr.  Noble  and  by  Vogt,t  in  which  common 

tjnsation  was  lost,  whilst  the  sense  of  taste  remained  in  the  same  pai'ts  ; 

uid  Mr.  Noble  relates  another  case,^  in  which  there  was  loss  of  taste 
without  impairment  of  common  sensation.  The  cases  of  Mr.  Noble  and 
Vogt  would  seem  to  indicate  that  the  5th  pair  does  not  minister  to  the 

onse  of  Taste ;  but,  as  Dr.  J.  Reid  has  justly  observed,  we  have  no  evidence 

*  See  especially  the  cases  of  Romberg,  in  "Miiller's  Arcliiv,,"  1838,  heft  iii. ;  Todd  and 
Bowman,  in  "  Physiological  Anatomy,"  vol.  i.  p.  446  ;  and  Dixon,  in  "  Med.  Cliir.  Trans." 
vol.  xxviii. 

t  "  Medical  Gazette,"  Oct.  25,  1834  ;  and  "  Miiller's  Arcliiv.,"  1840,  p.  72. 
X  "Medical  Gazette,"  Nov.  21,  1835. 
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Fig.  136. 


Origin  and  distribution  of  the  Eighth  Pair  of 
nerves. —  1,  3,  4.  The  Medulla  Oblongata.  1.  The 
Corpus  Pyramidalc  of  one  side.  3.  The  Corpus 
Olivare.  4.  The  Corpus  Restiforme.  2.  The  Pons 
Varolii.  5.  The  Facial  nerve.  6.  The  origin  of 
the  Glosso-pharyngeal  nerve.  7-  The  ganglion  of 
Andersch.  8.  The  trunk  of  the  nerve.  9.  The 
Spinal  Accessory  nerve.  10.  The  ganglion  of  the 
Pneumogastric  nerve.  11.  Its  plesiform  ganglion. 
12.  Its  trunk.  13.  Its  pharyngeal  branch  forming 
the  pharyngeal  plexus  (14)  assisted  by  a  branch 
from  the  glosso-pharyngeal  (8)  and  one  from  the 
superior  laryngeal  nervc(15).  l6.  Cardiac  branches. 
1/.  Recurrent  laryngeal  branch.  18.  Anterior 
pulmonary  br.inches.  IQ.  Posterior  pulmonary 
branches.  20.  Oesophageal  plexus.  21.  Gastric 
branches.  22.  Origin  of  the  Spinal  Accessory 
nerve.  23.  Its  branches  distributed  to  the  sterno- 
mastoid  muscle.  24.  Its  branches  to  the  trapezius 
muscle. 


that  all  the  filaments  of  tlie  5th  Pair 
sent  to  the  tongue  were  affected; 
and  there  is  believed  to  be  no  case 
on  record,  in  which  the  whole  of  the 
5th  pair,  or  of  its  3rd  branch,  was 
found  to  be  diseased  after  death,  and 
in  which  during  life  the  sense  of  Taste 
had  been  retained  in  the  anterior  and 
middle  parts  of  the  tongue.  Hence 
these  cases  only  serve  to  indicate 
what  is  probable  on  other  grounds ; 
viz.,  that  the  filaments  which  convey 
gustative  impressions  are  not  the 
same  with  those  that  minister  to 
common  sensation.  —  On  the  whole, 
then,  it  seems  to  be  proved  by  anato- 
mical and  experimental  evidence, 
that  both  the  Glosso-pharyngeal  and 
the  Fifth  pair  minister  alike  to  the 
tactile  and  to  the  gustative  sense ; 
and  there  is  nothing  in  the  patho- 
logical facts  just  noticed,  that  mili- 
tates against  this  conclusion.  There 
seems  good  reason  to  believe  the 
Glosso-i:)haryngeal  to  be  exclusively 
the  nerve,  through  which  the  im- 
pressions made  by  disagreeable  sub- 
stances taken  into  the  mouth  are 
propagated  to  the  Medulla  Oblongata, 
so  as  to  produce  nausea  and  to  excite 
efforts  to  vomit. 

718.  The  functions  of  the  Pnevr 
mogastric  nerve  at  its  roote  have  been 
made  the  subject  of  particular  exa- 
mination by  various  experimenter ; 
some  of  whom  (for  instance,  Valeutiui 
Longet,  and  Morganti)  have  con- 
cluded that  it  there  possesses  no  motor 
power,  but  is  entirely  a  sensory  or 
rather  an  afferent  nerve.  According 
to  these,  if  the  roots  be  cai'efully 
separated  from  those  of  the  Glosso- 
pharyngeal, and  (which  is  a  matter 
of  some  difficulty)  from  those  of  the 
Spinal  Accessory  nerve,  and  be  then 
unitated,  no  movements  of  the  organs 
supphed  by  its  trunk  can  be  observed : 
whilst,  if  the  roots  be  irritated  when 
in  connection  with  the  nervous  cen- 
tres, muscular  contractions,  evidently 
of  a  reflex  character,  result  from 
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lie  irritation ;  and  strong  evidences  of  their  sensibility  are  also  given, 
t  has  been  further  asserted  that,  when  the  roots  of  the  Spinal  Accessory 
erve  ai"e  irritated,  no  indications  of  sensation  are  given ;  but  that  the 
luscular  parts  supplied  by  the  Pneumogastric,  as  well  as  by  its  own 
I'uuk,  ai*e  made  to  contract,  even  when  the  roots  are  separated  from  the 
lervous  centres  j  so  that  these  roots  must  be  regarded  as  the  channel  of 
he  motor  influence,  transmitted  to  them  from  the  Medulla  Oblongata. 
\Vhere  the  Pneumogastric  swells  into  the  jugular  ganglion,  an  interchange 
r  fibres  takes  place  between  it  and  the  Spinal  Accessory  ;  and  it  seems 
•leai*  that  the  phai'yngeal  branches,  which  are  among  the  most  decidedly 
motor  of  all  those  given  ofi"  from  the  Pneumogastric,  may  in  great  part 
be  traced  backwai'ds  into  the  Spinal  Accessory. — But,  on  the  other  hand, 
:iu  equally  numerous  and  trustworthy  set  of  experimenters  (among  whom 
may  be  mentioned  J.  Reid,  Miiller,  Volkmann,  Stilling,  Wagner,  and 
Bernard)  are  opposed  to  this  opinion ;  maintaining  that  the  Pneumo- 
-  astric  has  motor  roots  of  its  own ;  and  afl&rming  that  irritation  of  the 
roots  of  the  Spinal  Accessory  produces  little  or  no  elFect  on  the  muscles 
applied  by  the  trunk  of  the  Par  Vagum. — The  fact  appears  to  be,  that 
the  roots  of  these  two  nerves  are  so  commingled,  that  it  is  difficult  to 
^iay  what  belong  exclusively  to  each.  Some  of  the  fibres  usually  consi- 
'lered  to  belong  to  the  Spinal  Accessory  are  occasionally  seen  to  connect 
t  hemselves  with  the  roots  of  the  Pneumogastric,  even  before  the  ganglion 
s  found  upon  it.  And  it  seems  most  probable,  that  while  the  roots  of 
the  Spinal  Accessory  are  entirely  motor,  those  of  the  Pneumogastric  are 
>'luefiy  afferent ;  that  they  inosculate  with  each  other,  in  a  degree  which 
may  vaiy  in  different  species,  and  even  in  different  individuals  ;  and  that 
the  Pneumogastric  may  thus  derive  additional  motor  fibres  from  the 
Spinal  Accessory,  whilst  it  supplies  that  nerve  with  afferent  fibres.  Fur- 
ther, from  the  researches  of  M.  CI.  Bernard,  to  be -presently  noticed  (§  719), 
it  appears  probable  that  the  motor  fibres  properly  belonging  to  the  Pneu- 
mogastric are  adequate  to  the  regulation  of  those  movements  of  the 
larynx  and  other  portions  of  the  air-passages,  which  are  concerned  in  the 
passive  act  of  Respiration. — In  regard  to  its  tnonh,  there  can  be  no  doubt 
that  the  Pneumogastric  is  to  be  considered  as  a  nerve  of  double  endow- 
ments; although  it  is  certain  that  these  endowments  are  very  differently 
distributed  amongst  its  branches.  That  the  nerve  is  capable  of  conveying 
those  impressions,  which  become  sensations  when  communicated  to  the 
sensorium,  is  experimentally  proved  by  the  fact,  that,  when  its  trunk  is 
pinched,  the  animal  gives  signs  of  acute  pain  :  but  it  is  also  evident  from 
the  painfid  consciousness  we  occasionally  have,  of  an  abnormal  condition 
of  the  organs  which  it  supplies.  Thus,  the  suspension  of  the  respiratoiy 
movements  gives  rise  to  a  feeling  of  the  gi-eatest  uneasiness,  which  must 
be  excited  by  impressions  conveyed  through  this  nerve  from  the  lungs  ; 
and  an  inflamed  state  of  the  walls  of  the  air-passages  causes  the  contact 
of  cold  and  diy  air  to  produce  distressing  pain  and  irritation.  Yet  of 
the  ordinary  impressions  conveyed  from  these  organs,  which  are  con- 
cerned in  producing  the  respu'atory  movements,  and  in  regulating  the 
actions  of  the  glottis,  we  are  not  conscious.  The  same  may  be  said  of 
the  portion  of  the  nei-ve  distributed  upon  the  alimentary  tube.  The 
pharyngeal  branches  are  almost  exclusively  motor,  the  afferent  function 
being  performed  l^y  the  Glosso-pharyngeal ;  whilst  the  cosophageal  and 
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gastric  are  both  afferent  and  motor,  conveying  impressions  which  excite 
reflex  movements  in  the  muscles  of  those  parts,  but  which  do  not  Ijecome 
sensations  except  under  extraordinary  circumstances. — The  participation 
of  this  nerve  in  the  operations  of  Deglutition,  Digestion,  Circulation,  and 
.Respiration,  and  the  effects  of  injmy  to  its  trunk  or  branches,  have 
already  been  considered  in  the  account  of  those  functions. 

719.  In  regai'd  to  the  functions  of  the  Spinal  Accessory  nerve,  also, 
there  has  been  great  difierence  of  oj)inion ;  the  peculiarity  of  its  origin 
and  course  having  led  to  the  belief,  that  some  very  especial  purpose  is 
answered  by  it.  The  roots  of  this  nerve  aiise  from  the  side  of  the  Spinal 
Cord  as  low  down  as  the  5th  or  6th  cervical  nerve ;  and  the  trunk 
formed  by  them  ascends  into  the  cranium  between  the  anterior  and 
posterior  roots  of  the  spinal  nerves.  From  the  recent  researches  of 
Mr.  J.  L.  Clarke,*  it  appears  that  these  roots  may  be  traced  into  a 
special  tract  of  vesicular  matter,  which  descends  as  flir  as  the  lumbal" 
enlargement.  The  predominance  of  motor  fibres  in  its  roots,  its  inoscu- 
lation with  the  Pneumogastric,  and  its  probable  reception  of  sensory 
fibres  fit-om  the  latter  whilst  imparting  to  it  motor  filaments,  have  been 
already  referred  to  (§  718).  As  its  trunk  passes  through  the  foramen 
lacerum,  it  divides  into  two  branches ;  of  which  the  internal,  after  giving 
off  some  filaments  that  assist  in  forming  the  pharyngeal  bx'anch  of  the 
Pneumogxxstric,  becomes  incorporated  with  the  trunk  of  that  nerve  j 
wliilst  the  external  proceeds  outwards,  and  is  finally  distributed  to  the 
sterno-cleido-mastoideus  and  trapezius  muscles,  some  of  its  filaments  inos- 
culating with  those  of  the  cervical  plexus.  When  the  external  branch  is 
irritated,  before  it  perforates  the  sterno-mastoid  muscle,  vigorous  convul- 
sive movements  of  that  muscle  and  of  the  trapezius  are  produced ;  and 
the  animal  does  not  give  any  signs  of  pain,  unless  the  nerve  be  firmly 
compressed  between  the  forceps,  or  be  included  in  a  tight  ligature. 
Hence  it  may  be  inferred,  that  the  functions  of  this  nerve  are  chiefly 
motor,  and  that  its  sensory  filaments  are  few  in  number.  Ftirther,  when 
the  nerve  has  been  cut  across,  or  firmly  tied,  irritation  of  the  lower  end  is 
attended  by  the  same  convulsive  movements  of  the  muscles ;  whilst 
irritation  of  the  upper  end  in  connection  with  the  spinal  cord,  is  unat- 
tended with  any  muscular  movement.  Hence  it  is  clear  that  the  motions 
occasioned  by  irritating  it  are  of  a  direct,  not  of  a  reflex  chai-acter.  The 
same  muscular  movements  are  observed  on  irritating  the  nerve  in  the 
recently-killed  animal,  as  during  life.  —  According  to  Sir  C.  Bell,  the 
Spinal  Accessory  is  a  purely  Respiratory  nerve,  whose  office  it  is  to  excite 
the  involuntary  or  automatic  movements  of  the  muscles  it  sujjphes, 
which  share  in  the  act  of  respiration ;  and  he  states  that  the  division  of 
it  paralyses,  as  muscles  of  respiration,  the  muscles  to  which  it  is  distri- 
buted ;  though  they  still  perform  the  voluntary  movements,  through  the 
medium  of  the  spinal  nerves.  Both  Valentin  and  Dr.  J.  Reid,  however, 
positively  deny  that  this  is  the  case ;  and  Dr.  Reid's  method  of  experi- 
menting was  well  adapted  to  test  the  truth  of  the  assertion.t  The 
functions  of  this  nerve  have  been  made  the  subject  of  special  examination 

»  "  Philosophical  Transactions,"  1051,  p.  613.  , 
■h  "  Sec  his  "  Physiol.,  Pathol.,  aud  Aiiat.  Rescaiches,"  p.  151 ;  and  "  Edinb.  Med.  ana 
Surg.  Journ.,"  Jan.,  1838. 
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M.  CI.  Bernard  ;*  who  lias  arrived  at  the  conclusiou  that  the  Spinal 
cessory  is  a  purely  motor  nerve,  whose  action  is  not  essential  to  the 
Vinanj  movements  of  respiration,  these  being  provided-for  by  the  Pneu- 
>gastric  and  ordinary  Spinal  nerves ;  but  that  its  special  function  is  to 
iug  the  respu-atory  movements  into  accordance  with  the  requirements 
Animal  life,  adapting  the  actions  of  the  muscles  of  the  larynx  and 
•rax  to  the  production  of  voice,  or  to  general  muscular  effort.  The 
ernal  branch,  which  is  specially  distributed,  with  the  fibres  of  the 
cumogastric,  to  the  pharynx  and  larynx,  is  pecuharly  subservient  to  the 
rmer  of  these  purposes  ;  and  the  external  to  the  latter.    This  conclu- 
on  is  siifficiently  in  accordance  with  the  results  obtained  by  other  expe- 
menters,  to  be  received  as  a  probable  exj)lanation  of  the  facts  which 
ive  been  obsei'ved  by  them. 

720.  The  HT/poglbssal  nerve,  ov  Motor  Linguce,  is  the  only  one  which, 
I  the  regular  order,  now  remains  to  be  considered.  That  the  distribution 
f  this  nerve  is  restricted  to  the  muscles  of  the  tongue,  is  a  point  very 
isily  estabhshed  by  anatomical  reseai'chj  and  accordingly  we  find  that, 
aig  before  the  time  of  Sir  C.  Bell,  Willis  had  spoken  of  it  as  the  nerve  of 
iie  motions  of  articulation,  wliilst  to  the  Lingual  branch  of  the  5th  pair 
le  attributed  the  power  of  exercising  the  sense  of  taste ;  and  he  distinctly 
tated,  that  the  reason  of  this  organ  being  suppHed  with  two  nerves,  is  its 
ouble  function.    The  inference  that  it  is  chiefly,  if  not  entirely,  a  motor 
rve,  which  has  been  founded  upon  its  anatomical  distribution,  is  sup- 
rted  also  by  the  natm-e  of  its  origin,  which  is  usually  from  a  single  root, 
rresponcUng  to  the  anterior  root  of  the  Spinal  nerves.  Experiment 
hows  that,  when  the  trunk  of  the  nerve  is  stretched,  pinched,  or  gal- 
anized,  violent  motions  of  the  whole  tongue,  even  to  its  tip,  are  occasioned ; 
md  also,  that  similar  movements  take  place  after  division  of  the  nerve, 
v\  hen  the  cut  end  most  distant  from  the  brain  4s  irritated.    In  regard  to 
ho  degTce  in  which  this  nerve  possesses  sensory  properties,  there  is  some 
lifference  of  opinion  amongst  physiologists,  founded,  as  it  would  seem,  on  a 
\  ariation  in  this  respect  between  different  animals.    Indications  of  pain 
ire  usually  given,  when  the  trunk  is  irritated  after  its  exit  from  the 
cianium  j  but  these  may  proceed  from  its  free  anastomosis  with  the  cer- 
vical nei-ves,  which  not  improbably  impart  sensory  fibres  to  it.    But  in 
some  Mammalia,  the  hypoglossal  nerve  has  been  found  to  possess  a  small 
posterior  root  with  a  ganglion ;  this  is  the  case  in  the  Ox,  and  also  in  the 
Eabbit ;  and  in  the  latter  animal,  Valentin  states  that  the  two  trunks  pass 
out  from  the  cranium  through  separate  orifices,  and  that,  after  their  exit, 
one  may  be  shown  to  be  sensory,  and  the  other  to  be  motor.    Hence,  this 
nerve,  which  is  the  lowest  of  those  that  originate  in  the  cephalic  prolonga- 
tion of  the  spinal  cord  generally  known  as  the  medulla  oblongata,  ap- 
proaches very  closely  in  some  animals  to  the  regular  type  of  the  spinal 
nerves;  and  though  in  Man  it  still  manifests  an  irregularity,  in  having 
only  a  single  root,  yet  this  irregularity  is  often  shared  by  the  fii'st  cervical 

*  '  Recherches  Exp^rimentoles  sur  les  Fonctions  du  Nerf  Spinal,'  in  "  Archives  de 
M6decine,"  1844.  This  Memoir,  having  gained  the  prize  given  by  the  Academic  des 
Sciences  for  experimental  physiology  in  1)M5,  has  been  printed  in  the  "Recueil  des  Savants 
etrangers,"  tom.  xi.,  1851  ;  and  the  author  states  that  since  the  first  publication  of  liis 
researches,  he  has  confirmed  his  original  conclusions  by  the  repetition  and  variation  of  his 
experiments. 
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nerve,  which  also  has  sometimes  an  anterior  root  only. — The  Hypoglossal 
nerve  is  distributed  not  merely  to  the  tongue,  but  to  the  muscles  of  the 
neck  which  are  concerned  in  the  movements  of  the  larynx ;  and  the  pur- 
pose of  this  distribution  is  probably  to  associate  them  in  those  actions, 
which  are  necessary  for  articulate  speech.  Though  all  the  motions  of  the 
tongue  are  performed  through  the  medium  of  this  nerve,  yet  it  would 
appear,  from  pathological  phenomena,  to  have  at  least  two  distinct  con- 
nections with  the  nervous  centres;  for  in  many  cases  of  paralysis,  the 
masticatory  movements  of  the  tongue  are  but  little  affected,  when  the 
power  of  articulation  is  much  injm-ed  or  totally  destroyed ;  and  the  con- 
verse may  be  occasionally  noticed.  When  this  nerve  is  paralyzed  on  one 
side,  in  hemiplegia,  it  will  be  generally  observed  that  the  tongue,  when 
the  patient  is  directed  to  put  it  out,  is  projected  towards  the  palsied  side 
of  the  face :  this  is  due  to  the  want  of  action  of  the  lingual  muscles  of 
that  side,  which  do  not  aid  in  pushing  foi'ward  the  tip ;  the  point  is  conse- 
quently dii-ected  only  by  the  muscles  of  the  other  side,  which  wiU  not  act 
in  a  straight  direction,  when  uuantagonized  by  their  fellows.  It  is  a  curious 
fact,  however,  that  the  Hypoglossal  nerve  seems  not  to  be  always  palsied 
on  the  same  side  with  the  Facial,  but  sometimes  on  the  other.  This  has 
been  suggested  to  be  due  to  the  origination  of  the  roots  of  this  nerve  from 
near  the  point  at  which  the  pyramids  of  the  medulla  oblongata  decussate, 
so  that  some  of  its  fibres  come  off,  like  those  of  the  spinal  nerves,  without 
crossing,  whilst  others  are  transmitted  to  the  opposite  side,  like  those  of 
the  higher  cephalic  nei-ves ;  and  the  cause  of  paralysis  may  affect  one  or 
other  of  these  sets  of  roots  more  particularly.  Whatever  may  be  the 
validity  of  this  explanation,  the  circumstance  is  an  interesting  one  and 
well  worthy  of  attention.* 

72 1 .  The  general  character  and  arrangement  of  the  Cephalic  nerves,  as 
distinguished  from  the  ordinaiy  Spinal,  constitute  a  study  of  much  interest, 
when  considered  in  relation  to  Comparative  Anatomy,  and  to  Embiyolo^. 
It  appears,  from  what  has  been  already  stated,  that  the  Pneumogastric, 
Spinal  Accessory,  Glosso-phai-yngeal,  and  Hypoglossal  neiwes,  may  be  con- 
sidered nearly  in  the  light  of  ordinary  Spinal  nerves.  They  all  take  their 
origin  exclusively  in  the  MedvQla  Oblongata ;  and  the  want  of  correspond- 
ence in  position,  between  then-  roots  and  those  of  the  Spinal  nerves,  is 
readily  accounted  for,  by  the  alteration  in  the  direction  of  the  columns  of 
the  Spinal  cord,  which  not  only  decussate  laterally,  but,  as  it  were,  antero- 
posteriorly  (§  711).  The  Hypoglossal,  as  just  stated,  not  unfi'equently 
possesses  a  sensory  in  addition  to  its  motor  root.  The  Glosso-pharyugeal, 
which  is  principally  an  afferent  nerve,  has  a  small  motor  root;  but  most 
of  the  motor  fibres  which  answer  to  it  are  to  be  found  in  the  Pneumogas- 
tric. That  the  Pneumogastric  and  Spinal  Accessory  together  represent  a 
Spinal  nerve,  may  be  regarded  as  probable  from  what  .has  been  aheady 
said  of  their  relations. 

722.  Leaving  these  nerves  out  of  the  question,  therefore,  we  proceed  to 

*  It  may  be  questioned,  however,  whether  the  Hypoglossal  is  really  paralyzed  on  the 
opposite  side  from  the  Facial  in  sucli  cases.    An  instance  has  been  conmiiinicatcd  to  i 
Author  by  Dr.  W.  Budd,  in  which  the  hypoglossal  nerve  was  completely  divided  on  on^ 
side  ;  and  yet  the  tip  of  the  tongue,  when  the  patient  was  desired  to  put  it  out,  was 
times  directed  from  and  sometimes  towards  the  palsied  side  ;  siiowiiig  that  the  muscle 
cither  half  are  sufficient  to  give  any  required  direction  to  the  whole. 
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rest.  Compai-ative  anatomy,  and  the  study  of  Embryonic  development, 
ve  show  that  the  Spinal  Cord  and  Medulla  Oblongata  constitute  the  most 
ontial  part  of  the  nervous  system  in  Vertebrata ;  and  that  the  Cerebral 
mispheres  are  superadded,  as  it  were,  to  this.    At  an  early  period  "of 
elopment,  the  Encephalon  consists  chiefly  of  four  vesicles,  which  cor- 
>pond  with  the  ganglionic  enlargements  of  the  nervous  cord  of  the 
ticulata,  and  mark  foiu-  divisions  of  the  Cerebro-Spinal  axisj  and,  in 
tordance  \dth  this  view,  the  Osteologist  is  able  to  trace,  in  the  bones  of 
J  cranium,  the  same  elements  which  would  form  four  vertebrae,  in  a 
uch  expanded  and  altered  condition.*    However  improbable  such  an 
a  might  seem,  when  the  cranium  of  the  higher  Vertebrata  alone  is 
amined,  it  at  once  reconciles  itself  to  our  reason,  when  we  direct  our 
tention  to  that  of  Reptiles  and  Fishes;  in  which  classes  the  size  of  the 
erebral  or  hemispheric  ganglia  is  very  small,  in  comparison  with  that  of 
lo  ganglia  of  Special  Sensation;  and  in  which  the  latter  evidently  form 
it  a  continuation  of  the  Spinal  Cord,  modified  in  its  function :  so  that, 
hen  we  trace  upwards  the  cavity  of  the  spinal  column  into  that  of  the 
auium,  we  encounter  no  material  change,  either  in  its  size  or  direction, 
he  fom-  pairs  of  nerves  of  special  sensation, — Auditory,  Gustatory,  Optic, 
id  Olfactoiy, — make  their  way  out  through  these  three  cranial  vertebrae 
pectively.   At  a  later  period  of  development,  other  nerves  are  interposed 
ween  these ;  which,  being  intervertebral,  are  evidently  more  analogous 
>  the  Spinal  nerves,  both  in  situation  and  function.    A  separation  of  the 
rimitive  fibres  of  these  takes  place,  however,  during  the  progress  of  de- 
elopment,  so  that  their  distribution  appears  irregular.    Thus  the  greater 
art  of  the  sensory  fibres  are  contained  in  the  large  division  of  the  Trige- 
linus:  whilst  of  the  motor  fibres,  the  anterior  ones  chiefly  pass  forwards 
the  Oculo-motor  and  Patheticus ;  and  of  the  posterior,  some  form  the 
mall  division  of  the  Trigeminus,  and  others  umte'with  the  first  pair  from 
iio  Medulla  Oblongata  to  form  the  Facial.    Tliis  last  fact  explains  the 
lose  union,  which  is  found  in  Fishes  and  some  Amphibia,  between  that 
( i-ve  and  those  proceeding  more  directly  from  the  Medulla  Oblongata, 
according  to  Valentin,  the  Glosso-pharyngeal  is  the  sensory  portion  of  the 
irst  pau-  from  the  Medulla  Oblongata,  of  which  the  motor  part  is  chiefly 
lomprehended  in  the  Facial  nerve.    Although  we  are  accustomed  to 
jonsider  the  Fifth  pair  as  par  eminence  the  Spinal  nerve,  of  the  head,  the 
bregoing  statements,  founded  upon  the  history  of  development,t  show 
:hat  the  nerves  of  the  Orbit  really  belong  to  its  motor  portion ;  they  may 
3onsequently  be  regarded  as  altogether  forming  the  Jirst  of  the  interverte- 
bral nei-ves  of  the  cranium.    The  Facial  and  Glosso-pharyngeal  appear  to 
ponstitute  the  second;  whilst  the  Par  Vagum  and  Spinal  Accessory,  form- 
ing the  third  pair,  intervene  between  this  and  the  true  Spinal,  of  which 
the  Hypoglossal  may  be  considered  as  the  first. 

723.  Functions  of  the  Spinal  Axis. — Whatever  view  we  may  take  of 
the  structure  of  the  Spinal  Cord,  no  doubt  can  be  fairly  entertained  that 
it  must  be  physiologically  treated  on  the  one  hand  as  a  true  centre  (or 
rather  as  an  aggregation  of  separate  centres)  of  nervous  power,  and  on 

•  See  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  §  320  i ;  and  Prof.  Owen's  "  Archetvoe 
■Skeleton."  ""^ 

t  See  Prof.  Valentin  "  De  Functionibus  Nervorum  Cerebraliura  et  Nervi  Sympathici " 
Bemae,  1839  ;  lib.  iii.  cap.  i.  j   f  i 
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the  other  as  a  medium  of  conduction  between  the  Encephalic  centres  and 
the  roots  of  the  Spinal  nerves.  And  althougli  its  attributes  as  au  inde- 
pendent centre  become  most  obvious  when  it  is  separated  from  the  rest 
yet  there  can  be  no  reasonable  doubt  that  it  is  always  acting  as  such, 
even  when  every  part  of  the  Nervous  System  is  in  a  state  of  complete 
vigour.  It  may,  in  fact,  be  said  to  supply,  by  its  '  reflex  power,'  the  con. 
ditions  reqidsite  for  the  maintenance  of  the  various  Organic  j^rocesses;  and, 
as  Dr.  M.  Hall  has  pointed  out,  it  especially  governs  the  various  orifices 
of  ingress  and  egress.  Thus  the  act  of  Deglutition  is  entirely  dependent 
upon  the  Spinal  Axis  and  the  nerves  proceeding  from  it ;  the  Will  being 
in  no  other  way  concerned  in  it,  than  by  originating  the  necessaiy 
stimulus ;  and  even  sensation  not  being  a  necessary  link  in  the  chain  of 
excito-raotor  action  (§§  426 — 428).  The  action  of  the  cai'diac  sphincter, 
again, — and  probably  that  of  the  pyloric  sphincter  also, — is  dependent 
upon  its  nervous  connection  with  the  Spinal  Axis;  and  is  entirely  regu- 
lated without  sensorial  excitement  (§  428),  And  there  is  much  reason 
to  believe  that  certain  of  the  movements  of  the  Stomach  itself  are  in  like 
maimer  dependent  upon  its  connection  with  the  Medulla  Oblongata 
(§  430);  although  it  imquestionably  possesses  an  independent  motor  acti- 
vity of  its  own.  The  movements  of  the  Intestinal  tube  are  undoubtedly 
influenced  by  the  Spinal  Coi'd,  although  essentially  independent  of  it 
(§§  432,  433);  but  the  sphincter  which  sm-rounds  its  orifice  of  egress  is 
undoiibtedly  placed  under  its  gaiai'dianshij),  although  pai'tly  subjected  (in 
Man)  to  the  control  of  the  Will.  The  same  may  be  said  of  the  exjmlsor 
muscles  concerned  in  the  act  of  Defecation;  and  of  the  expulsors  and 
sphincter  which  effect  and  control  the  act  of  Urination  (§  434). — Look- 
ing, again,  at  the  movements  which  are  subservient  to  the  Respu-atory 
process,  we  find  that  all  those  which  are  essential  to  its  regulai-  main- 
tenance are  performed  through  the  intermediation  of  the  Sjiiual  Axis 
alone;  that  the  Will  has  only  such  a  limited  power  over  them,  as  to 
bi'ing  them  into  harmony  with  its  other  requirements,  as  in  the  acts  of 
vocalization  and  in  extraordinary  muscular  exertions;  and  that  the 
stimulus  by  which  they  are  commonly  maintained  does  not  even  affect 
the  consciousness,  the  '  besoin  de  respirer '  only  becoming  sensible  when 
the  resj)iratory  process  is  being  imperfectly  performed  (§§  548 — 551). 
Not  only  are  the  ordinary  respiratory  movements  performed  tln-ough 
this  channel,  but  the  aperture  of  the  Glottis  is  regxilated  by  it,  in  every- 
thing that  concerns  the  respiration;  and  either  by  its  spasmodic  closure 
against  the  entrance  of  unfit  substances,  or  by  the  expulsor  effort  of 
coughing,  which  is  excited  by  them  when  they  do  find  their  way  into  the 
air-passages,  these  passages  are  kept  free  from  solid,  liquid,  or  gaseous 
pai-ticles,  whose  presence  in  them  would  be  injurious. — In  the  expulsion 
of  the  Generative  products,  also,  the  reflex  power  of  the  Spinal  Cord  takes 
an  important  shai-e.  The  muscular  contractions  which  produce  the 
Emissio  Seminis  are  excito-motor  in  their  natm-e ;  being  independent  or 
the  WiU,  and  not  capable  of  restraint  by  it  when  once  fully  excited;  and 
being  (like  those  of  Deglutition)  excitable  in  no  other  way,  than  by  a 
particular  local  irritation.  It  has  been  shown  by  experiment,  and  also 
by  pathological  obsei-vation,  that  the  separation  of  the  lower  portion  ot 
the  Spinal  Cord  fi'om  the  upper  does  not  prevent  these  movements  from 
being  excited,  although  the  act  is  then  unaccompanied  with  sensation, 
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liich  proves  that  sensation  is  not  essential  to  its  performance  ;  on 
(i  other  hand,  the  power  of  emission  is  annihilated  by  destmction  of 
J  lower  portion  of  the  Spinal  Cord,  or  by  section  of  the  nerves  which 
I  )ply  the  genital  organs.    The  act  of  Parturition,  however,  seems  to  be 
.-i  dependent  upon  the  Spinal  Cordj  for,  as  will  be  shown  hereafter 
iiAP.  XIX.),  the  contractions  of  the  Uterus,  which  are  alone  sufficient  to 
^pel  the  foetus  when  there  is  no  considerable  resistance,  are  not  to  be 
}arded  as  reflex  j  and  it  is  only  in  the  co-operation  of  those  associated 
.uscles  which  come  into  play  in  the  second  stage  of  labour,  when  the 
ad  is  passing  through  the  os  uteri  and  is  engaged  in  the  pelvic  cavity, 
it  the  assistance  of  the  Spinal  cord  and  its  nerves  is  called-in.  These 
lovements,  like  those  of  Defecation,  may  be  to  a  certain  extent  promoted 
r  restrained  by  voluntary  effort;  but  when  the  exciting  influence  (the 
•ressm-e  of  the  head  against  the  parietes  of  the  vaginal  canal)  has  once 
.  )een  fully  brought  into  operation  by  the  uterine  contractions,  the  Will  has 
tittle  power  over  them,  either  in  one  way  or  the  other.    The  antagonizing 
unfluence  of  the  sphincter  vaginte  seems,  like  that  of  the  sphincter  ani, 
.0  be  dependent  upon  the  Spinal  Cord;  and  thus  it  happens  that  when 
-ts  tension  and  that  of  other  muscular  parts  has  been  destroyed  by 
death,  whilst  the  uterus  stiU  retains  its  contractility,  the  power  of  the 
latter  has  sufficed  for  the  completion  of  the  parturient  process,  the  child 
toeing  expelled  after  the  respiratory  movements  have  ceased. 

724.  The  Spinal  Cord  is  not  merely  the  instrument  whereby  the  move- 
inents  essential  to  the  maintenance  of  the  Organic  functions  are  sus- 
tained ;  it  is  also  subservient  to  other  muscular  actions  whose  chai'acter 
SIS  essentiaHj  protective.    Thus  it  was  ascertained  by  Dr.  M.  Hall*  that, 
'  f  the  fimctions  of  the  Brain  be  suspended  or  destroyed,  without  injury 
:o  the  Spinal  Cord  and  its  nerves,  the  Orbicularis  muscle  will  contract,  so 
fis  to  occasion  the  closure  of  the  eyelids,  upon  their  tarsal  margin  being 
.:ouched  with  a  feather.    This  fact  is  interesting  in  several  points  of 
iview.    In  the  fii-st  place,  it  is  a  characteristic  example  of  pm-e  reflex 
.  iction,  occun-ing  under  circumstances  in  which  volition  cannot  be 
imagined  to  guide  it,  and  in  which  there  is  no  valid  reason  to  believe 
that  sensation  directs  it.    Further,  it  explains  the  almost  irresistible 
natm-e  of  the  tendency  to  winking,  which  is  performed  at  short  intervals 
by  the  contraction  of  the  Orbicularis  muscle ;  this  is  evidently  a  Spinal 
action,  capable  of  being  in  some  degree  restrained  (like  that  of  respira- 
tion) by  the  will,  but  only  until  such  time  as  the  stimulus  (resulting 
perhaps  from  the  collection  of  minute  particles  of  dust  upon  the  eyes, 'or 
from  the  dryness  of  their  surface  in  consequence  of  evaporation,)  becomes 
too  strong  to  be  any  longer  resisted.    Again,  we  have  in  sleep  or  in 
;  apoplexy  an  example  of  this  pm-ely  spinal  action,  unbalanced  by  the 
influence  of  the  wiU,  which,  in  the  waking  state^  antagonizes  it  by  calling 
the  levator  palpebras  into  action.    As  soon  as  the  will  ceases  to  act,  the 
lids  droop,  and  close  over  the  eye  in  order  to  protect  it;  and  if  those' of  a 
sleeping  person  be  separated  by  the  hand,  they  will  be  found  presently  to 
return.    Here,  as  in  studying  the  respiratory  and  other  movements,  we 
are  led  to  perceive  that  it  is  the  Brain  alone  which  is  torpid  during 
sleep,  and  whose  functions  are  affected  by  this  torpidity.    As  Dr.  M.  Hall 

*  "  Memoirs  on  the  Nervous  System,"  1837,  p.  61. 
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very  justly  remarks, "  the  Spinal  system  never  sleeps it  is  constantly  iu 
activity ;  and  it  is  thus  that,  iu  all  periods  and  phases  of  Life,  the  move- 
ments which  are  essential  to  its  continued  maintenance  are  kept  up 
without  sensible  effort. — The  closure  of  the  pupil  against  a  strong  light, 
is  another  movement  of  the  same  protective  tendency.  The  channel 
through  which  that  just  named  is  performed,  is  completed  by  the  first 
branch  of  the  Fifth  and  the  Portio  Dm-a  of  the  seventh.  The  contrac- 
tion of  the  pupil  is  immediately  caused  by  the  Third  pair,  or  Motor 
Oculi,  as  is  easily  shown  by  irritating  the  trunk  of  that  nerve  and  observ- 
ing the  result ;  but  the  stimulus  which  excites  it  is  conveyed  through  the 
Optic  nerve.  But  although  the  contraction  of  the  pupil  is  usually  in  close 
accordance  with  the  sensation  occasioned  by  the  impression  of  light  upon 
the  retina,  yet  there  is  evidence  to  prove  that  the  sensation  of  light  is  not 
always  necessary ;  for,  even  when  the  sight  of  both  eyes  has  been  entirely 
destroyed  by  amaurosis,  the  regular  actions  have  been  witnessed  in  the 
pupil,  in  accordance  with  vaiying  degrees  of  light  impinging  on  the 
retina.  Such  cases  seem  to  indicate  that  the  motion  results  from  an 
impression  iipou  the  retina,  which  impression,  being  conducted  to  the 
Sensorium,  ordinarily  produces  a  sensation;  but  that  even  where  no  sen- 
sation is  produced,  on  account  of  a  disordered  state  of  the  part  of  the 
ganglionic  centre  in  whicli  the  Optic  nerve  terminates,  if  the  central  tract 
which  connects  that  nerve  with  the  Third  pair  retain  its  integrity,  a 
reflex  action  may  be  excited  through  it,  although  no  sensation  intervene. 
The  rarity  of  the  occurrence  is  easily  accounted  for,  by  the  fact  that  in 
most  cases  of  amaurosis,  the  disease  lies  in  the  retina  or  in  the  trunk  of 
the  nei've,  and  thereby  checks  both  its  spinal  and  its  encephalic  actions. 
— Although  we  are  not  at  present  acquainted  with  any  similar  protec- 
tive movements,  in  tlie  Human  being,  designed  to  keep  the  organ  of  Hear- 
ing from  injur}'^;  yet  there  can  be  little  doubt  that  those  which  we  are 
constantly  witnessing  in  other  animals,  possessing  large  external  eare,  ai'e 
reflex  actions  excited  by  the  in-itation  applied  to  them.  In  regard  to  the 
Nose,  we  find  a  remarkably  complex  action — that  of  Sneezing — adapted 
to  drive  olf  any  cause  of  irritation  (§  555).  The  stimulus  is  conveyed,  in 
this  case,  not  through  the  Olfactory  nerve,  but  through  the  Fifth  pair; 
so  that  it  is  not  dependent  upon  the  excitement  of  the  sensation  of  Smell. 
The  act  of  Coughing,  also,  may  be  regarded  as  of  a  protective  chaivacter; 
being  destined  to  remove  sources  of  irritation  from  the  air-passages. 
Many  of  the  automatic  movements,  performed  by  the  limbs  of  Frogs 
and  other  animals,  when  their  connection  with  the  brain  has  been  cut 
off,  appear  destined  to  remove  these  parts  fr'om  sources  of  irritation  or 
injury ;  and  they  may  thus  be  rightly  placed  under  the  same  categoiy. 

725.  The  fact  that  Sensation  is  very  commonly  associated  with  the 
reflex  actions  we  have  been  considering,  being  produced  by  the  impression 
that  excites  them,  has  led  many  to  suppose  that  it  necessarily  partici- 
pates in  them ; — a  doctrine  which  we  have  seen  to  be  untenable.  But 
the  question  not  unnaturally  arises,  tvhy  Sensation  should  so  constantly 
participate  in  these  operations,  if  not  essential  to  them ;  and  the  answer 
to  this  question  is  to  be  found  in  the  fact,  that  it  is  only  throiigh  sensar 
tion  that  a  higher  set  of  actions,  mental  and  bodily,  is  called  into  play, 
which  is  essential  to  the  continued  maintenance  of  those  belonging  to  the 
present  category.    Illustrations  of  this  truth  might  be  divawn  from  any 
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one  of  the  fuuctious  already  noticed  j  but  the  Ingestion  of  food  will 
supply  us  with  one  of  the  most  apj)Osite.    We  have  seen  that  the  act  of 
Deglutition  is  in  itself  independent  of  sensation ;  anything  that  comes 
wiUiin  the  grasp  of  the  phaiyngeal  constrictors  being  conveyed  down- 
wards by  theu'  reflex  contraction,  just  as  anything  which  touches  the 
arms  of  a  Polype  is  entrapped  by  them  and  drawn  into  the  stomach. 
Now  this  action  may  be  considered  as  attended  with  sensation,  in  the 
ordinary  condition  of  the  higher  Animal,  in  order  that  it  may  be  guided 
in  the  performance  of  those  other  movements  of  prehension,  mastication, 
&c.,  by  which  the  food  may  be  brought  within  reach  of  the  apparatus  of 
deglutition;  and  the  sensations  which  are  linked  with  these  are  among 
the  influences  which  prompt  to  those  mental  operations,  whereby  food  is 
provided  for  the  digestive  apparatus  to  make  use  of.    The  Zoophj^te  is 
'  dependent  for  its  supplies  of  aliment,  upon  what  the  currents  in  the  sur- 
!  rounding  fluid,  or  other  chances,  may  bring  into  its  neighbourhood;  and 
'  if  these  should  fail,  it  starves.    The  anencej)halou8  Infant,  again,  can 
swallow,  and  even  suck ;  but  it  can  execute  no  other  movements  adapted 
to  obtain  the  supply  of  food  continually  necessary  for  maintenance, 
because  it  has  not  a  mind  which  sensations  could  awake  into  activity. 
The  sensation  connected  with  excito-motor  actions  has  not  only  this  im- 
portant end,  but  it  frequently  contributes  to  enjoyment,  as  in  Suction 
:  and  Ejaculatio  seminis.    The  sensation  accompanying  the  actions  of  this 
.  class,  moreover,  frequently  aflbrds  premonition  of  danger,  or  gives  excite- 
'  ment  to  supplementary  actions  destined  to  remove  it,  as  in  the  case  of 
Respiration ;  for  where  anything  interferes  with  the  due  discharge  of  the 
t  function,  the  uneasy  sensation  that  ensues  occasions  unwonted  move- 
i  ments,  which  are  more  or  less  adapted  to  remove  the  impediment,  in  pro- 
j  portion  as  they  are  guided  by  judgment  as  well  as  by  consciousness. 
.  Again,  sensation  often  gives  warning  against  inconvenience,  as  in  the 
Excretory  functions ;  and  here  it  is  very  evident,  that  its  pm-pose  is  not 
only  (if  it  be  at  all)  to  excite  the  associated  muscles  necessary  for  the 
I  excretion,  but  actually  to  make  the  will  set  up  the  antagonizing  action 
'  of  the  sphincters  (§  434). 

726.  We  have  now  to  inquire  how  far  the  independent  action  of  the 
^  Spinal  Cord  is  concerned  in  the  general  muscular  movements  of  Man, 
.  and  especially  in  the  locomotive  actions  of  his  lower  extremities.   On  this 
!  point  it  is  obvious  that  we  must  not  be  guided  by  the  analogy  of  the 
:  lower  animals;  since  in  Man  the  locomotive  and  other  movements  are  for 
I  the  most  part  volitional  and  purposive,  and  he  has  to  acquire  by  experi- 
ence  that  control  over  his  muscular  apparatus  which  is  necessary  to  enable 
i  him  to  perform  them;  whilst  in  Invertebrata  generally,  and  in  a  large 
I  part  of  the  lower  Vertebrata,  it  is  evident  that  the  movements  of  pro- 
gression, &c.  which  are  characteristic  of  each  species,  come  under  the 
general  category  of  automatic  actions,  and  ai'e  provided-for  in  the  original 
organization  of  its  nervous  centres,  being  performed  without  any  educa- 
tion, and  under  circumstances  which  render  the  notion  of  a  purpose  on 
the  Animal's  own  part  quite  untenable.    In  so  far  as  these  instinctive 
movements  require  the  guidance  and  direction  of  sensations,  they  must  be 
refen-ed  to  the  'consensual'  group;  but  clear  evidence  is  afforded  by  the 
continuance  of  many  of  them  after  the  removal  of  the  centres  of  sensa- 
tiou,  that  they  are  excito-motor  in  their  character,  and  that  they  reiiuire 
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no  higher  ceutve  than  the  ganglia  which  coiTespond  to  the  Spinal  Cord 
of  Man.*    Tliere  can  be  little  doubt  that  the  habitual  movements  of  loco- 
motion, and  others  which  have  become  '  secondarily  automatic,'  may  be 
performed  by  Man  under  pai'ticular  circumstances  through  the  agency 
of  the  Spinal  Cord  alone,  under  the  guidance  and  direction  of  the  Sen- 
sorial centres,  or  even  without  such  guidance;  the  required  condition 
being,  that  the  influence  of  the  Cerebrum  shall  be  entirely  withdrawn. 
There  are  numerous  instances  on  record,  in  which  soldiers  have  continued 
to  march  in  a  soimd  sleep ;  and  the  Author  has  been  assured  by  an  intel- 
ligent witness,  that  he  has  seen  a  very  accomplished  pianist  complete  the 
performance  of  a  jDiece  of  music  in  the  same  state.t    A  case  has  been 
mentioned  to  him  by  his  friend  Dr.  William  Budd,  of  a  patient  who 
laboured  under  that  form  of  epilepsy  in  which  there  was  simply  a  tempo- 
raiy  suspension  of  consciousness  without  convulsion;  and  whenever  the 
paroxysm  came  on,  he  persisted  in  the  kind  of  movement  in  which  he 
was  engaged  at  the  moment,  having  on  one  occasion  fallen  into  the  water 
througli  continuing  to  walk  onwards,  and  having  on  several  occasions 
(being  a  shoemaker  by  trade)  woimded  his  fingers  with  the  awl  in  his 
hand,  by  a  repetition  of  the  movement  by  which  he  was  endeavouring  to 
pierce  the  leather.    Such  facts  as  these  add  great  strength  to  the  proba- 
bility, that  when  the  Cerebral  power  is  not  susi^ended,  but  merely  directed 
into  another  channel,  as  in  the  states  of  reverie  or  abstraction,  and  tlie 
attention  is  entirely  drawn-off  from  the  movements  of  locomotion,  the 
continuance  of  these  is  due  to  the  independent  automatic  action  of  the 
Spinal  Cord,  the  direction  being  given  to  them  by  the  Sensory  Ganglia. 
This  point,  however,  will  be  more  fully  considered  hereafter  (§  749);  at 
present  it  may  be  remarked,  that,  when  a  regular  train  of  movements  is 
being  performed  under  such  conditions,  each  action  may  be  probably 
regai'ded  as  affording  the  stimulus  to  the  next;  each  contact  of  the  foot 
with  the  ground,  in  the  act  of  walking,  exciting  the  muscular  contractions 
which  constitute  the  next  step;|.  and  each  movement  of  the  musician 
exciting  that  which  has  customai-ily  followed  it,  after  the  same  fashion. — 
Now  in  all  these  cases,  it  seems  reasonalile  to  infer,  that  the  same  kind  of 
connection  between  the  excitor  and  motor  nerves  comes  to  be  formed  by 
a  process  of  gi'adual  development,  as  originally  exists  in  the  nervous 
systems  of  those  animals  whose  movements  are  entirely  automatic. 
Whether  there  is  in  any  case  an  actual  continuity  of  nerve-fibres,  may  be 
reasonably  doubted.    That  such  a  peculiar  continuity  is  not  requisite,  in 
order  to  9JI0W  an  excitor  impression  made  upon  one  part  of  the  Cord,  to  call 
forth  motions  thi'ough  another,  may  be  certainly  inferred  from  the  fact, 
that  under  particulai"  circumstances  we  find  the  influence  of  such  impres- 
sions radiating  in  every  direction,  and  extending  to  nerves  which  they  do 
not  ordinarily  affect  (§  728).   Still  there  can  be  no  doubt  that  the  nerve- 

*  See  "  Princ.  of  Phys.,  Gen.  and  Comp         769-771 . 

+  In  playing  by  memory  on  a  musical  instrument,  the  muscular  sense  often  suggests  tnc 
sequence  of  movements  with  more  certainty  than  the  auditory;  and  since  the  impressions 
derived  from  the  mnscles  may  prompt  and  regulate  successional  movements  without  affectnig 
the  consciousness,  there  is  no  such  improbability  in  the  above  statement  as  might  at  nrs 
sight  appear.  .      ,  , 

X  The  truth  of  this  view  seems  to  the  Author  to  be  strongly  supported  by  observation  ot  tn 
mode  in  which  Infants  learn  to  walk  ;  for  long  before  they  can  stand,  they  will  instmctivel} 
perform  the  movements  of  walking,  if  tliey  be  so  supported  tliat  the  feet  touch  the  ground. 
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force  is  disposed  to  pass  in  special  tracks;  and  it  seems  probable  that 
whilst  some  are  originally .  marked-out  for  the  automatic  movements, 
others  may  be  gi'adually  worn-in  (so  to  speak)  by  the  habitual  action  of 
the  Will;  and  that  thus,  when  a  train  of  sequential  actions  originally 
directed  by  the  Will  has  been  once  set  in  operation,  it  may  continue 
without  any  further  influence  from  that  source. 

727.  Another  manifestation  of  the  independent  power  of  the  Spinal 
Cord,  is  seen  in  its  influence  on  Ifuscular  Tension. — The  various  muscles 
of  the  body,  even  when  there  is  the  most  complete  absence  of  efibrt, 
maintain,  in  the  healthy  state  of  the  system,  a  certain  degree  of  firmness, 
by  their  antagonism  with  each  other;  and  if  any  set  of  muscles  be  com- 
pletely paralyzed,  the  opposing  muscles  will  draw  the  part  on  which  they 
act  out  of  its  position  of  repose  j  as  is  well  seen  in  the  distortion  of  the 
face  which  is  chai-acteristic  of  paralysis  of  the  facial  nerve  on  one  side. 
This  condition  has  been  designated  as  the  tooie  of  the  Muscles;  but  this 
term  renders  it  liable  to  be  confounded  with  their  tonic  contraction 
(§  331),  which  is  also  concerned  in  maintaining  their  firmness,  but  which 
is  a  manifestation  of  the  simple  contractility  of  their  tissue,  and  is  exhi- 
bited alike  by  the  striated  and  the  non-striated  forms  of  muscular  fibre, 
but  more  es23ecially  by  the  latter.  On  the  other  hand,  the  condition  now 
alluded  to,  which  may  perhaps  be  appropriately  termed  their  tensio7i,  is 
the  result  of  a  moderate  though  continued  excitement  of  that  contrac- 
tihty,  through  the  nervous  centres.  It  has  been  proved  by  Dr.  M.  Hall, 
that  the  Musculai*  Tension  is  not  dependent  upon  the  influence  of  the 
Brain,  but  upon  that  of  the  Spinal  Cord;  as  the  following  experiments 
demonstrate. — "Two Rabbits  were  taken;  from  one  the  head  was  removed; 
from  the  other  also  the  head  was  removed,  and  the  spinal  marrow  was 
cautiously  destroyed  with  a  sharp  instrument the  limbs  of  the  former 
retained  a  certain  degree  of  firmness  and  elasticity ;  those  of  the  second 
were  perfectly  lax."  Again  :  "  The  limbs  and  tail  of  a  decapitated  Turtle 
possessed  a  certain  degree  of  firmness  or  tone,  recoiled  on  being  drawn 
from  their  position,  and  moved  with  energy  on  the  application  of  a 
stimulus.  On  withdrawing  the  spinal  marrow  gently  out  of  its  canal,  all 
these  phenomena  ceased.  The  limbs  were  no  longer  obedient  to  stimuli, 
and  became  perfectly  flaccid,  having  lost  all  their  resilience.  The  sphinc- 
ter lost  its  circular  form  and  contracted  state,  becoming  lax,  flaccid,  and 
shapeless.  The  tail  was  flaccid,  and  unmoved  on  the  application  of 
stimuli."  *  It  is  further  remarked  by  Messrs.  Todd  and  Bowman,  that 
''a  decapitated  frog  will  continue  in  the  sitting  posture  through  the 
influence  of  the  spinal  cord;  but  immediately  this  organ  is  removed,  the 
limbs  fall  apart." — This  operation  of  the  Spinal  Cord  is  doubtless  but  a 
peculiar  manifestation  of  its  ordinary  reflex  function.  We  shall  hereafter 
see  (§  750)  how  much  the  influence  of  the  Will  in  producing  the  active 
contraction  of  a  muscle,  is  connected  with  sensations  received  from  it ; 
and  it  seems  highly  probable,  that  the  impression  of  the  state  of  the 
muscle,  conveyed  by  the  afferent  fibres  proceeding  from  it  to  the  spinal 
cord,  is  sufficient  to  excite  this  state  of  moderate  tension  through  the 
motor  nerves  arising  from  the  latter.  Such  a  view  derives  probability 
from  the  fact,  which  must  have  fallen  under  the  observation  of  almost 

*  "  Memoirs  on  the  Nervous  System,"  1837,  p.  0'.',. 
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every  one,  that  most  reflex  actions  become  increased  in  energy  if  resist- 
ance be  made  to  them.  Of  this  we  have  familiar  examples  in  the  action 
of  the  expnlsor  muscles,  which  operate  in  defecation,  lu-ination,  and 
parturition,  if,  when  they  are  strongly  excited,  their  efforts  be  opposed  by 
spasmodic  contraction  of  the  sphincters,  or  by  mechanical  means.  Many 
forms  of  convulsive  movement  exhibit  the  same  tendency,  their  violence 
being  proportional  to  the  mechanical  force  used  to  restrain  them.*  Here 
it  is  evident  that  the  impression  of  resistance,  conveyed  to  the  Spinal  Cord, 
is  the  source  of  the  increased  energy  of  its  motor  influence;  from  which 
we  may  fairly  infer  that  the  moderate  resistance,  occasioned  by  the 
natui-al  antagonism  of  the  muscles,  is  the  source  of  their  continued  and 
moderate  tension,  whilst  they  are  under  the  influence  of  the  Spinal  Cord. 
This  constant  though  gentle  action  serves  to  keep  up  the  nutrition  of  the 
muscles,  which  are  paralyzed  to  the  will;  and  this  is  still  more  com- 
pletely maintained,  if  the  portion  of  the  nervous  centres,  with  which  they 
i-emain  connected,  be  so  unduly  irritable,  that  the  muscles  are  called  into 
contraction  upon  the  slightest  excitation,  and  are  thus  continually  exhi- 
biting twitchings,  startings,  or  more  powerful  conviilsive  movements.  It 
is  upon  the  state  of  nutrition  of  the  muscles,  that  their  contractility 
depends  (§  313);  and  hence  the  Spinal  Cord  has  an  indirect  influence 
upon  this  peculiar  property,  which  is  more  likely  to  be  retained,  when 
the  muscle  is  still  subject  to  the  influence  of  the  Spinal  Cord,  though  cut 
off  from  that  of  the  Brain,  than  when  it  is  completely  paralyzed  by  the 
entire  sepai'atiou  of  its  connection  with  the  nervous  centres. 

728.  The  functional  activity  of  the  Spinal  Cord  is  capable  of  being 
morbidly  diminished  or  augmented.  It  may  even  be  for  a  time  almost 
completely  suspended,  as  in  Syncope;  which  state  may  be  induced  by 
sudden  and  violent  imjjressions,  either  of  a  mental  or  physical  nature, 
that  operate  upon  the  whole  nervous  system  at  once — commencing,  how- 
ever, in  the  Brain.  It  is  to  be  remarked  that,  in  recovering  from  these, 
it  is  the  Spinal  system  of  which  the  activity  is  first  renewed ;  the  respi- 
ratory movements  recommencing,  and  the  power  of  swallowing  being 
restored,  before  any  voluntary  actions  can  be  performed.  A  correspond- 
ing state  may  be  induced  in  particular  portions  of  the  system,  by  Concus- 
sion ;  as  is  seen  in  severe  injuries  of  the  Spinal  Cord,  which  are  almost 
invariably  followed  for  a  time  by  the  suspension  of  its  functions.  Again, 
the  power  of  the  whole  Spinal  Cord  may  be  diminished  by  various  causes, 
such  as  enfeebled  circulation,  pressure,  &c. ;  and  then  we  have  torpidity 
and  imperfect  nutrition  of  the  whole  muscular  system,  t    If  oppression 


*  Hence  tlie  absurdity  of  the  common  practice  of  endeavouring  to  prevent  the  niovem«nU 
of  the  limbs  and  bodj',  in  convulsive  paroxysms,  by  mechanical  constraint.  Nothing  should 
be  attempted  but  what  is  requisite  to  prevent  the  sufferer  from  doing  himself  an  injury. 

■j-  A  case  has  been  for  some  time  under  the  Author's  observation,  in  which  the  males  ot  a 
family  have  been  successively  affected  with  a  general  muscular  debilitj'-,  commencing  ni  the 
lower  extremities,  which  is  pretty  obviously  traceable  to  deficient  functional  activity  of  the 
Spinal  Cord.    The  affection  has  manifested  itself  during  the  earlier  years  of  childhood ;  and 
in  the  two  elder  sons  has  advanced  until  it  has  produced  an  almost  complete  general  paralysi^ 
with  fatty  degeneration  of  the  muscles.    In  a  younger  son,  in  whom  the  same  affection  ha 
distinctly  begun  to  manifest  itself,  it  has  been  kept  in  check  by  very  careful  attention  to 
every  means  that  can  favour  healthy  nutrition  and  development  of  nervous  power ; 
which,  constant  exercise,  and  the  frequent  transmission  of  feeble  electrical  currents  down  tn 
spine  and  from  the  spine  to  the  limbs,  have  seemed  the  most  effectual. 
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exist  ill  the  Brain,  the  functions  of  the  Medulla  Oblongata  will  be  espe- 
cially affected;  and  if  it  be  prolonged  and  sufficiently  severe,  Asphyxia 
will  result  fi-om  the  interruption  of  the  respiratory  movements  which  it 
occasions.  —  On  the  other  hand,  the  excitability  of  the  whole  Cord,  or  of 
particular  parts  of  it,  may  be  morbidly  increased.*  This  is  especially 
seen  in  ordinary  Tetanus,  and  in  the  artificial  Tetanus  induced  by  Strych- 
nine; in  which  the  slightest  external  stimulus  is  sufficient  to  induce 
reflex  actions  in  their  most  terrific  forms.  It  is  interesting  to  remark, 
that  in  this  formidable  disease,  the  functions  of  the  muscles  controlling 
the  various  orifices  ai'e  those  most  affected ;  and  it  is  by  the  spasms 
affecting  the  organs  of  respiration  or  deglutition,  that  life  is  commonly 
terminated.  In  some  forms  of  Hysteria,  also,  there  is  a  morbid  excita,- 
bility  of  the  same  kind,  so  that  various  kinds  of  convulsions  are  brought 
on  by  very  slight  stimuli ;  and  Infantile  convulsions  are  generally  attri- 
butable to  the  same  kind  of  disorder  of  the  nervous  centres,  which  is 
frequently  induced  by  bad  air,  unwholesome  food,  or  some  other  cause 
that  affects  the  purity  of  the  blood  (§  583).  Not  only  is  the  general  mus- 
cular system  of  Animal  life  involved  in  these  abnormal  actions,  but  various 
l)arts  of  the  appai-atus  of  Organic  life  have  their  normal  functions  seriously 
perverted  by  the  same  condition  of  the  Spinal  Cord;  being  connected 
with  it  through  the  medium  of  the  Sympathetic  system  of  nerves,  whose 
motor  powers  are  chiefly,  if  not  entirely,  derived  from  that  source 
(Sect.  6). — Various  remedial  agents  will  probably  be  found  to  operate,  by 
occasioning  increased  excitability  in  some  particular  segments  of  the 
Cord;  so  that  the  usual  stimuli  applied  to  the  parts  connected  with 
these,  will  occasion  increased  muscular  tension.  This  seems  to  be  the 
case,  for  example,  in  regai'd  to  the  influence  of  aloes  on  the  rectum  and 
uterus,  cantharides  on  the  neck  of  the  bladder  and  adjoining  parts,  and 
secale  cornutum  on  the  uterus.  The  mode  of  influence  of  cantharides  is 
illustrated  by  a  curious  case,  related  by  Dr.  M.  Hall,  of  a  young  lady  who 
lost  the  power  of  retention  of  urine,  in  consequence  of  a  fatty  tumour  in 
the  spinal  canal,  which  gradually  severed  the  Spinal  Cord,  and  induced 

*  It  has  been  pointed  out  by  Messrs.  Todd  and  Bowman  ("  Physiological  Anatomy," 
vol.  i.  p.  315),  that  the  Spinal  Cord  of  the  male  frog,  at  the  season  of  copulation,  naturally 
possesses  a  state  of  most  extraordinary  excitability'.  The  thumb  of  each  anterior  extremity 
at  this  season,  becomes  considerably  enlarged;  as  is  well  known  to  Naturalists.  "This 
enlargement  is  caused  principally  by  a  considerable  development  of  the  papillary  structure  of 
the  skin  which  covers  it ;  so  that  large  papillae  are  formed  all  over  it.  A  male  frog,  at  this 
season,  has  an  irresistible  propensity  to  cling  to  any  object,  by  seizing  it  between  his  anterior 
extremities.  It  is  in  this  way  that  he  seizes  upon,  and  clings  to  the  female ;  fixing  his 
thumbs  to  each  side  of  her  abdomen,  and  remaining  there  for  weeks,  until  the  ova  have  been 
completely  expelled.  An  effort  of  the  Will  alone  could  not  keep  up  the  grasp  uninterniptedly 
for  so  long  a  time;  yet  so  firm  is  the  hold,  that  it  can  with  difficulty  be  relaxed.  Whatever 
is  brought  in  the  way  of  the  thumbs,  will  be  caught  by  the  forcible  contraction  of  the  anterior 
limbs;  and  hence  we  often  find  frogs  clinging  blindly  to  a  piece  of  wood,  or  a  dead  fish,  or 
some  other  substance  which  they  may  chance  to  meet  with.  If  the  finger  be  placed  between 
the  anterior  extremities,  they  will  grasp  it  firmly  ;  nor  will  they  relax  their  grasp  until  they 
are  separated  by  force.  If  the  aninuil  be  decapitated,  whilst  the  finger  is  within  the  grasp  of 
its  anterior  extremities,  they  still  continue  to  hold  on  firmly.  The  posterior  half  of  the  bodj- 
may  be  cut  away,  and  yet  the  anterior  extremities  will  still  cling  to  the  finger  ;  but  imme- 
diately that  the  segment  of  the  cord,  from  wliich  the  anterior  extremities  derive  their  nerves, 
has^  been  removed,  all  their  motion  ceases.  This  curious  instinct  only  exists  during  the 
period  of  sexual  excitement ;  for  at  other  periods  the  excitability  of  tlie  anterior  extremities  is 
considerably  less  than  that  of  the  posterior." 
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paraplegia.  The  power  of  retaining  the  urine  was  always  restored /o?- a 
time  by  a  dose  of  tincture  of  cantharides,  which  seems  to  have  acted  by 
augmenting  the  excitability  of  that  segment  of  the  Cord,  with  which  the 
sphincter  vesicae  is  connected. 

3. — Of  the  Sensory  Ganglia  and  their  Functions. — Consensual  Movements. 

729.  At  the  base  of  the  Brain  in  Man,  concealed  by  the  Cerebral 
Hemispheres,  but  still  readily  disting\ushable  from  them,  we  find  a  series 
of  ganglionic  masses;  which  are  in  direct  connection  with  the  nerves 
of  Sensation ;  and  which  appear  to  have  functions  quite  independent  of 
those  of  the  other  components  of  the  Encephalon. — Thus  anterior^  we 
have  the  Olfactive  ganglia,  in  what  are  commonly  termed  the  bulbous 
expansions  of  the  Olfactive  nerve.  That  these  ai'e  real  ganglia,  is  proved 
by  their  containing  grey  or  vesicular  substance;  and  their  separation 
from  the  general  mass  of  the  Encephalon,  by  the  pedu.ncles  or  footstalks 
commonly  termed  the  trunks  of  the  Olfactory  nerves,  finds  its  analogy 
in  many  species  of  Fish.  The  ganglionic  nature  of  these  masses  is 
more  evident  in  many  of  the  lower  Mammalia,  in  which  the  organ  of 
Smell  is  highly  developed,  than  it  is  in  Man,  whose  olfactive  powers  are 
comparatively  moderate. — At  some  distance  behind  these,  we  have  the 
representatives  of  the  Oi^tic  ganglia,  in  the  Tubercula  Quadrigemina,  to 
which  the  principal  part  of  the  roots  of  the  Optic  nerve  may  be  traced. 
Although  these  bodies  are  so  small  in  Man,  in  comparison  with  the  whole 
Encephalic  mass,  as  to  be  apparently  insignificant,  yet  they  are  much 
larger,  and  form  a  more  evidently  important  part  of  it  in  many  of  the 
lower  Mammalia ;  though  still  presenting  the  same  general  aspect. — The 
Auditory  ganglia  do  not  form  distinct  lobes  or  projections;  but  are 
lodged  in  the  substance  of  the  Medulla  Oblongata.  Their  real  character 
is  most  evident  in  certain  Fishes,  as  the  Cai'p ;  in  wliich  we  trace  the 
Auditory  nerve  into  a  ganglionic  centre  as  distinct  as  the  Optic  ganglion. 
In  higher  animals,  however,  and  in  Man,  we  are  able  to  trace  the  Auditory 
nerve  into  a  small  mass  of  vesicular  matter,  which  lies  on  each  side  of 
the  Fourth  Ventricle ;  and  although  this  is  lodged  in  the  midst  of  parts 
Avhose  function  is  altogether  different,  yet  there  seems  no  reason  for 
doubting  that  it  has  a  character  of  its  own,  and  that  it  is  really  the 
ganglionic  centre  of  the  Auditory  nerve. — In  like  manner,  we  may  pro- 
bably fix  upon  a  collection  of  vesicular  matter,  imbedded  in  the  Medulla 
Oblongata, — which  is  considered  by  Stilling  to  be  the  nucleus  of  the 
Glosso-pharyngeal  nerve,  and  to  which  a  portion  of  the  sensory  root  of  the 
Fifth  pair  may  be  also  traced, — as  representing  the  Gustatory  ganglion. 

730.  At  the  base  of  the  Cerebral  Hemispheres,  we  find  two  other  large 
ganglionic  masses,  on  either  side ;  through  which  nearly  all  the  fibres 
appear  to  pass,  that  connect  the  Hemispheres  witli  the  Medulla  Oblon- 
gata. These  are  the  Thalami  023tici,  and  the  Cor2wra  Striata.  Now, 
although  these  are  commonly  regarded  in  the  light  of  appendages,  merely, 
to  the  Cerebral  Hemispheres,  it  is  evident,  from  the  lax-ge  quantity  of 
vesicular  matter  they  contain,  that  they  must  rank  as  independent  gan- 
glionic centres;  and  this  view  is  supported  alike  by  the  evidence  of  Com- 
parative Anatomy,  and  by  that  afforded  by  the  history  of.  Development. 
For  it  is  certain  that  the  size  of  the  Thalami  Optici  and  Corpora  Striata 
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j)resents  uo  more  relatiou,  in  different  tribes  of  animals,  to  that  of  the 
Cerebrum,  than  does  that  of  the  ganglia  of  Special  Sense ;  and  they  may 
even  present  a  considerable  development,  when  the  condition  of  the 
Cerebrum  is  quite  rudimentary.  Thus  in  the  Osseous  Fishes,  a  careful 
examination  of  the  relations  of  the  body  which  is  known  as  the  Optic 
lobe  (Fig.  128,  c)  makes  it  appai-ent  that  this  is  not  merely  the  represen- 
tative of  the  proper  Optic  Ganglion  of  Man,  but  also  of  the  Thalamus 
Opticus;  whilst,  again,  the  mass  which  is  designated  as  the  Cerebral  lobe 
(b)  is  chiefly  homologous  with  the  Corpus  Striatum  of  higher  animals. 
The  nature  of  the  latter  body  is  made  apparent,  in  the  higher  Cartilagi- 
nous Fishes,  by  the  presence  of  a  ventricle  in  its  interior;  the  floor  of  this 
cavity  being  formed  by  the  Corpus  Striatum,  whilst  the  thin  layer  of 
nervous  matter  which  forms  its  roof  is  the  only  representative  of  the  Cere- 
bral hemisphere.  So  in  the  Human  embr3''o  of  the  6th  week,  we  find  a  dis- 
tinct vesicle  for  the  Thalami  Optici,  interposed  between  the  vesicle  of  the 
Corpora  Quadi'igemina  and  that  which  gives  origin  to  the  Cerebi'al  Hemi- 
spheres ;  whilst  the  Corpora  Striata  constitute  the  floor  of  the  cavity  or 
ventricle  which  exists  in  the  latter,  this  being  as  yet  of  comparatively 
small  dimensions. — Now,  as  already  pointed  ou.t,  we  may  distinguish  in 
the  Medulla  Oblongata  and  Crura  Cerebri,  a  sensory  and  motor  tract ;  by 
the  endowments  of  the  nei*ves  which  issue  from  them.  The  sensory 
tract  may  be  traced  upwards,  initil  it  almost  entirely  spreads  itself 
through  the  substance  of  the  Thalamus.  Moreover,  the  Optic  nerves, 
and  the  peduncles  of  the  Olfactive,  may  be  shown  to  have  a  distinct 
connection  with  the  Thalami;  the  former  by  the  direct  passage  of  a  por- 
tion of  their  roots  into  these  ganglia ;  and  the  latter  through  the  medium 
of  the  Fornix.  Hence  we  may  fairly  regard  the  Thalami  Oj^tici  as  the 
chief  focus  of  the  Sensory  nerves,  and  more  especially  as  the  ganglionic 
centre  of  the  nerves  of  common  sensation,*  which  ascend  to  it  from  the 
Medulla  Oblongata  and  Spinal  Cord. — On  the  other  hand,  the  Corpora 
Striata  are  implanted  on  the  Motor  tract  of  the  Crura  Cerebri,  which 
descend  into  the  Pyramidal  columns ;  and  their  relation  to  the  fibres  of 
which  that  tract  is  composed,  ajjpears  to  be  essentially  the  same  as  that 
which  the  Thalami  bear  to  the  sensory  tract.  Upon  the  precise  nature  of 
that  relation.  Anatomists  ai"e  not  agreed;  but  there  are  several  considera- 
tions which  render  it  propable  that  there  is  not  that  continuity  between 
the  fibres  of  the  Crm-a  Cerebri,  and  those  which  radiate  from  the  Thalami 
Optici  and  Corpora  Striata  to  the  surface  of  the  Hemispheres,  which  a 
supei-ficial  examination  would  seem  to  indicate ;  but  that  the  fibres  which 
ascend  from  the  Crura  Cerebri  for  the  most  part,  if  not  entirely,  termi- 
nate in  the  vesicular  substance  of  the  former  bodies,  and  that  the  radiat- 
ing fibres  of  the  latter  take  a  fresh  departure  fi-om  them.*  At  any  rate,  as 
we  shall  see  hereafter,  there  is  a  complete  j^J^'V biological  separation  between 
the  Cerebrum  and  the  Sensory  Ganglia  upon  which  it  is  superj)osed. 

731.  The  Thalami  Optici,  and  the  Corpora  Striata,  as  is  well-known, 
are  very  closely  connected  with  each  other  by  commissural  fibres ;  and,  if 
the  preceding  account  of  their  respective  offices  be  correct,  they  may  be 
regarded  as  having  much  the  same  relation  to  each  other,  as  that  which 
exists  between  the  posterior  and  anterior  peaks  of  vesicular  matter  in  the 

*  See  especially  Messrs.  Todd  and  Bowman's  "  Physiological  Anatomy,"  vol.  i.  p.  277, 
and  Prof.  Kiillikcr's  "  Mikrokopische  Anatomic,"  band  ii.  §  1 18.  ' 
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Spinal  Cord;*  the  latter  issuing  motor  impulses  in  respondence  to  sensa- 
tions excited  through  the  former.  They  are  also  closely  connected  with 
other  ganglionic  masses  in  their  neighbom-hood,  such  as  the  Locus  Niger, 
and  the  vesicular  matter  of  the  Tuber  Annulare;  which,  again,  are  in 
close  relation  with  the  vesicular  matter  of  the  Medulla  Oblongata. — 
Altogether  it  is  very  evident,  that  a  series  of  true  ganglionic  centres  exists 
at  the  base  of  the  Encephalon,  and  that  these  are  really  as  distinct  from 
either  the  Cerebrum  or  Cei'ebellum,  as  the  latter  are  from  each  other ;  and 
we  have  next  to  inquire,  what  functions  are  to  be  assigned  to  them. 

732.  The  determination  of  these  may  seem  to  be  the  more  difficult,  as 
it  is  impossible  to  make  any  satisfactoiy  experiments  upon  the  ganglionic 
centres  in  question,  by  isolating  them  completely  from  the  Cerebral  Hemi- 
spheres above,  and  from  the  Medulla  Oblongata  and  Sjpinal  Cord  below. 
But  the  evidence  derived  from  Comparative  Anatomy  appears  to  be  in 
this  case  particularly  clear;  and,  rightly  considered,  affords  us  nearly  all 
the  information  w^e  require.  In  the  series  of  "  experiments  prepared  for 
us  by  nature,"  which  is  presented  to  us  in  the  descending  scale  of  Animal 
life,  we  witness  the  effects  of  the  gradual  change  in  the  relative  develop- 
ment of  the  Sensory  ganglia  and  Cerebral  Hemispheres,  which  are  pre- 
sented to  us  in  the  Vertebrated  classes;  and  the  results  of  the  entire 
withdrawal  of  the  latter,  and  of  the  sole  operation  of  the  former,  which 
are  ])resented  in  the  higher  Invertebrata.  For  the  Sensory  ganglia 
gradually  increase,  whilst  the  Cerebral  hemispheres  as  regidarly  diminish, 
in  relative  size  and  importance,  as  we  descend  from  the  higher  Mammalia 
to  the  lower, — from  these  to  Birds, — thence  to  Reptiles, — from  these, 
again,  to  the  higher  Fishes,  in  which  the  aggregate  size  of  the  Sensory 
ganglia  equals  that  of  the  Cerebrum, — thence  to  the  lower  Fishes,  in 
which  the  size  of  the  Cerebral  lobes  is  no  greater  than  that  of  a  single 
pair  of  sensory  ganglia,  the  Optic,  and  frequently  even  inferior, — and 
lastly,  to  the  Amphioxus  or  Lancelot,  the  lowest  Vertebrated  animal  of 
Avhich  we  have  any  knowledge,  in  which  there  is  not  the  rudiment  of  a 
Cerebrum,  the  Encephalon  being  only  represented  by  a  single  ganglionic 
mass,  which,  from  its  connection  with  the  nerves  of  sense,  must  obviously 
be  regarded  as  analogous  to  the  congeries  of  ganglia  that  we  find  in  the 
higher  forms  of  the  class. — Descending  to  the  In  vertebrated  series,  we 
find  that,  except  in  a  few  of  those  which  border  most  closely  upon  Verte- 
brata  (such,  for  example,  as  the  Cuttle- Fish),  the  whole  Cephalic  mass  ap- 
pears to  be  made  up  of  ganglia  in  immediate  connection  with  the  Nerves 
of  Sense.  These  may  apj^ear  to  form  but  a  single  pair;  yet  they  are  in 
reality  composed  of  seve?xil  pairs,  fused  (as  it  were)  into  one  mass.  Of 
this  we  may  judge  by  determining  the  number  of  distinct  pairs  of  nerves 
which  issue  from  them ;  and  also  by  the  investigation  of  the  history  of 
their  development,  the  results  of  which  bear  a  close  correspondence  with 
those  obtained  in  the  preceding  method. — It  is  further  to  be  remarked^ 
that  the  development  of  the  Cephalic  ganglia  in  the  Invertebrata  always 
bears  an  exact  proportion  to  the  develoj)meut  of  the  eyes;  the  other 
organs  of  special  sense  being  comparatively  iindeveloped ;  whilst  these,  m 
all  the  higher  classes  at  least,  are  instruments  of  great  perfection,  and  ai'e 
evidently  connected  most  intimately  with  the  direction  of  tlie  movements 

•  This  was  first  pointed  out  by  Messrs.  Todd  and  Bowman  in  their  "  Pliysiological 
Anatomy,"  vol.  i.  pp.  347-350. 
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the  animals.    Of  this  fact  we  have  a  remarkable  illustration  in  the 
tory  of  the  metamorphosis  of  Insects;  the  eyes  being  almost  rucliment- 
.',  and  the  Cephalic  ganglia  comparatively  small,  in  most  Larvtc ;  whilst 
th  these  organs  attain  a  high  development  in  the  Imago,  to  whose 
aons  the  faculty  of  sight  is  essential.* 

733.  Thus  we  are  led  by  the  very  cogent  evidence  which  Comparative 
uatomy  supplies,  to  regard  this  series  of  Ganglionic  centres  as  constitut- 
s  the  real  ISensorium;  each  ganglion  having  the  power  of  communicating 
the  mind  the  impressions  derived  from  the  organ  with  which  it  is  con- 

■cted,  and  of  exciting  automatic  muscular  movements  in  respondence  to 
lese  sensations.  If  this  position  be  denied,  we  must  either  refuse  the 
tribute  of  consciousness  to  such  animals  as  possess  no  other  encephalic 
litres  than  these;  or  we  must  believe  that  the  addition  of  the  Cerebral 
-mispheres,  in  the  Vertebrated  series,  altey^s  the  endowments  of  the  Sen- 
ary ganglia, — an  idea  which  is  contrary  to  all  analogy. 

734.  So  far  as  the  results  of  Experiments  can  be  relied  on,  they  afford 
corroboration  of  this  view.    The  degree  in  which  animals  high  in  the 
ale  of  organization  can  perform  the  functions  of  life,  without  any  other 
.'litre  of  action  than  the  Ganglia  of  Special  sense,  the  Medulla  Oblongata, 
ad  the  Cerebellum,  appears  extraordinary  to  those  who  are  accustomed 

i-egard  the  Cerebral  Hemispheres  as  the  centre  of  all  energy.  From 

10  experiments  of  Flourens,t  Hertwig,J  Magendie,§  Longet,||  and  others, 
ajDjjears  that  not  only  Reptiles,  but  Birds  and  Mammals,  may  survive 

-  V  many  weeks  or  months  (if  their  physical  wants  be  duly  supplied) 
tter  the  removal  of  the  entire  Cerebrum.     It  is  difficult  to  substan- 
iiite  the  existence  in  them  of  actual  sensation ;  but  some  of  their 
lovements  appear  to  be  of  a  higher  kind  than  those  resulting  from 
lere  excito-motor  action.     One  of  the  most  remarkable  phenomena 
x  hibited  by  such  a  being,  is  the  power  of  maintaining  its  equilibrium, 
■  hich  could  scarcely  exist  without  consciousness.    If  it  be  laid  upon 
he  back,  it  rises  again;  if  pushed,  it  walks.    If  a  Bird  thus  mutilated 
le  thrown  into  the  air,  it  flies;  if  a  Frog  be  touched,  it  leaps.  It 
wallows  food  and  liquid,  when  they  are  placed  in  its  mouth;  and 
he  digestive  operations,  the  acts  of  excretion,  &c.,  take  place  as  usual, 
.n  the  case  of  a  Pigeon  experimented  on  by  Malacorps,  which  is  recorded 
)y  Magendie,  there  appears  sufficient  proof  of  the  persistence  of  a  certain 
imount  of  sensation.    Although  the  animal  was  not  affected  by  a  strong 
ight  suddenly  made  to  fall  upon  its  eyes,  it  was  accustomed,  when  con- 
ined  in  a  darkened  or  partially-illuminated  room,  to  seek  out  the  light 
jarts;  and  it  avoided  objects  that  lay  in  its  way.    In  the  same  manner,  it 
lid  not  seem  to  be  affected  by  sudden  noises;  but  at  night,  when  it  slept 
with  closed  eyes  and  its  head  under  its  wing,  it  would  raise  its  head  in  a 
'emarkable  manner,  and  open  its  eyes,  on  the  slightest  noise;  speedily 
'  lapsing  into  a  state  of  complete  unconsciousness.    Its  principal  occupa- 
.'ju  was  to  prune  its  feathers  and  scratch  itself.    And  Longet  mentions 

•  *'  See  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  chap.  xx.  Sect.  2. 

+  "  Recherches  Experimcntales  sur  les  proprietes  et  les  functions  du  Systerae  Ncrveiix  " 
2nd  Edit.  1845.  ' ' 

+  "  Exper.  de  ciTect.  iacsion.  in  partibus  Encepliali,"  Berol.,  1J)2G. 
$  "  Leqons  sur  lea  Eonctions  du  Systcnie  Norveux,"  Piiris,  1839. 

11  ".  Traite  de  Physiologic,"  torn.  ii.  partie  2. 


730 


OP  THE  FUNCTIONS  OF  THE  NERVOUS  SYSTEM. 


that  a  Pigeon  from  which  he  had  removed  the  entire  Cerebrum,  guve" 
many  indiccitions  of  consciousness  of  light;  not  only  the  pupil  contract- 
ing, but  the  lids  closing,  when  a  strong  light  was  suddenly  made  to  fall 
upon  the  eye,  the  animal  having  been  previously  kept  in  darkness;  and 
when  a  lighted  candle  %vas  made  to  move  in  a  circle  before  it,  the  animal 
executed  a  corresponding  movement  with  its  head.* — The  condition  of  such 
beings  seems  to  resemble  that  of  a  Man,  who  is  in  a  slumber  sufficiently 
deep  to  lose  all  distinct  2^erception  of  external  objects,  but  who  is  yet 
conscious  of  sensations,  as  appears  from  the  movements  occasioned  by 
light  or  by  sounds,  or  from  those  which  he  executes  to  withdraw  the  body 
from  an  uneasy  position  (§  787). 

735.  The  results  of  other  Experiments  made  upon  the  Sensory  g-anglia 
themselves,  and  upon  the  organs  from  which  they  dei'ive  their  impres- 
sions, confirm  this  view ;  by  showing  that  the  ordinary  movements  ai-e 
seriously  perturbed,  and  that  in  some  instances  a  new  set  of  automatic 
movements  is  induced,  when  the  ordinary  relations  between  the  sensory 
and  motor  apparatus  are  disarranged.  Among  the  ganglia  of  special  sen- 
sation, the  functions  of  the  Optic  Lobes,  or  Corpora  Quadrigemhia,  have 
been  chiefly  examined  experimentally.  The  researches  of  Flourens  and 
Hertwig  have  sliown,  that  their  connection  with  the  visual  function, 
which  might  be  inferred  from  their  anatomical  relations,  is  thus  substan- 
tiated. Tlie  partial  loss  of  the  ganglion  on  one  side  produces  partial  loss 
of  power  and  temporary  blindness  on  the  opposite  side  of  the  body, 
without  necessarily  destroying  the  mobility  of  the  pupil;  but  the  removal 
of  a  larger  portion,  or  complete  extirpation  of  it,  occasions  permanent 
blindness  and  immobility  of  the  pupil,  with  temporary  muscular  weak- 
ness, on  the  opposite  side.  This  temporary  disorder  of  the  muscular 
system  sometimes  manifests  itself  (as  akeady  stated)  in  a  tendency  to 
move  on  the  axis,  as  if  the  animal  were  giddy.  No  disturbance  of  con- 
sciousness appears  to  be  produced;  and  Hertwig  states  that  he  never 
witnessed  the  convulsions,  which  Flourens  mentions  as  a  consequence  of 
tlie  operation,  and  which  were  probably  occasioned  by  his  incision  having 
been  caiTied  too  deeply.  As  Longet  has  justly  remarked,  it  is  difficult,  if 
not  imijossible,  to  remove  one  or  both  of  these  ganghonic  masses,  without 
doing  such  an  injury  to  the  Crm'a  Cerebri  on  which  they  repose,  as  shall 
in  great  degi*ee  account  for  such  disturbed  movements  (§  738).  Irritation 
of  one  of  the  Tubercula  Quadrigemina  has  been  observed,  both  by  Flourens 
and  Longet,  to  produce  contraction  of  the  pu^jils  of  both  eyes. — These 
results  of  experiment  are  partly  confirmed  by  Pathological  phenomena 
in  Man ;  for  there  are  many  instances  on  record,  in  whicli  blindness  has 
been  one  of  the  consequences  of  diseased  alterations  in  one  or  both 
tubercles;  and  in  some  of  the  cases  in  which  the  lesion  extended  to 
parts  seated  beneath  the  tubercles,  disturbed  movements  were  observed. 
The  subservience  of  these  bodies  to  the  exercise  of  the  visual  sense, 
appears,  on  the  whole,  to  be  the  point  best  established  in  regai'd  to  their 
functions ;  and  considering  the  degree  in  which  this  sense  is  concerned  m 

*  It  must  not  be  forgotten  that,  in  such  experiments,  the  severity  of  the  operation  will  o 
itself  occasion  a  suspension  or  disturbance  of  the  functions  of  parts  that  remain  ;  so  tlia 
loss  of  a  power  must  not  be  at  once  inferred  from  the  absence  of  its  manifestations.  " 
persistence  of  a  power,  after  tlie  removal  of  a  particular  organ,  is  a  clear  proof  that  it  cainio 
the  peculiar  attribute  of  that  organ. 
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regulation  of  the  general  movements  of  the  body,  it  is  not  surprising 
,  iesions  of  its  centre  should  occasion  a  perversion  of  these  move- 
nts.   This  appears  the  more  probable  from  the  fact,  that,  in  animals 
Kse  Sensory  ganglia  bear  so  large  a  proportion  to  the  whole  Encephalon, 
c  we  must  look  upon  them  as  the  principal  centres  of  motor  activity, 
toad  of  being  chiefly  concerned  (as  in  Man)  in  the  mere  guidance  of 
>vements  whose  origin  is  Cerebral,  lesions  of  the  organ  of  sense,  from 
^  lich  the  impressions  that  excite  the  sensori-motor  impulses  are  derived, 
[  oduce  a  corresponding  distm-bance.     Thus  Flourens  found  that  a 
'  ftiginous  movement  may  be  induced  in  Pigeons  by  simply  blmding  one 
0 ;  and  Longet  produced  the  same  efiect  by  evacuating  the  humours  of 
eye. 

<  3G.  It  is  probably  on  the  same  principle,  that  we  are  to  account  for 
e  remarkable  results  obtained  by  Flourens  (Op.  cit.)  from  section  of 
. '  portion  of  the  Auditory  nerve  proceeding  to  the  Semi-circular  canals, 
ction  of  the  horizontal  semi-circular  canal  in  Pigeons,  on  both  sides, 
'luces  a  rapid  jerking  horizontal  movement  of  the  head,  from  side  to 
>  Ic ;  and  a  tendency  to  turn  to  one  side,  which  manifests  itself  whenever 
l..e  animal  attempts  to  walk  forwai'ds.     Section  of  a  vertical  canal, 
Whether  the  superior  or  inferior,  of  both  sides,  is  followed  by  a  violent 
Drtical  movement  of  the  head.    And  section  of  the  horizontal  and 
!)rtical  canals,  at  the  same  time,  causes  horizontal  and  vertical  move- 
ments.   Section  of  either  canal  on  one  side  only,  is  followed  by  the  same 
Ftfect  as  when  the  canal  is  divided  on  both  sides ;  but  this  is  inferior  in 
titensity.     The  movements  continue  to  be  performed  diu-ing  several 
uonths.    In  Rabbits,  section  of  the  horizontal  canal  is  followed  by  the 
H-me  movements  as  those  exhibited  by  Pigeons;  and  they  are  even  more 
onstant,  though  less  violent.    Section  of  the  anterior  vertical  canal 
auses  the  animal  to  make  continued  forward  '  somersets ; '  whilst  section 
7  the  posterior  vertical  canal  occasions  continual  backward  'somersets.' 
llie  movements  cease  when  the  animal  is  in  repose;  and  they  recom- 
aence  when  it  begins  to  move,  increasing  in  violence  as  its  motion  is 
lore  rapid. — These  curious  results  are  supposed  by  M.  Flourens  to  indi- 
ite,  that  the  nerve  supplying  the  semi-circular  canals  does  not  minister 
)  the  sense  of  heai-ing,  but  to  the  direction  of  the  movements  of  the 
nimal;  but  they  are  fiilly  explained  upon  the  supposition  that  the 
ormal  function  of  the  semi-circular  canals  is  to  indicate  to  the  animal 
I  he  direction  of  sounds,  and  that  its  movements  are  partly  determined  by 
iiese;  so  that  a  destruction  of  one  or  other  of  them  will  produce  an 
(•regularity  of  movement  (resulting,  as  it  would  seem,  from  a  sort  of 
•iddiness  on  the  part  of  the  animal),  just  as  when  one  of  the  eyes  of  a 
I  'ird  is  covered  or  destroyed,  as  in  the  experiments  previously  cited. 

737.  The  numerous  Experiments  which  have  been  made  for  the  pur- 
•ose  of  determining  the  functions  of  the  Thalami  Optici  and  Corpora 
'■  Striata,  have  not  yielded  any  veiy  satisfactory  results ;  and  this  on  account 
'f  the  impossibility  of  completely  isolating  them,  in  such  a  manner  as  to 
imit  the  operation  (whether  this  be  section,  removal,  or  irritation)  to 
hem  alone.  Thus  it  is  impossible  to  remove  them,  either  separately 
>r  conjointly,  without  first  removing  the  Cerebral  Hemispheres;  and  the 
Thalami  cannot  be  entirely  removed,  without  dividing  the  stratum  of 
ibres  which  pa.sscs  through  tlicir  deeper  portion  in  their  passage  to  the 
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Corpora  Striata.  The  evidence  afforded  by  Pathology,  too,  is  far  from  being 
self-cousisteiit ;  and  this,  it  may  be  surmised,  from  tlie  circumstance  that 
the  effects  of  morbid  changes  (particularly  of  sanguineous  effusions)  in  any 
part  of  the  Encephalon,  extend  themselves  to  other  parts  than  those  iu 
which  the  obvious  lesions  are  found ;  as  is  abundantly  proved  by  the  gi-eat 
variety  of  phenomena  which  present  themselves  as  the  results  of  lesions 
apparently  similar,  and  the  similarity  of  the  phenomena  that  are  fre- 
quently consequent  upon  lesions  of  very  different  parts.  —  The  Thalami 
Optici  have  not  that  relation  to  the  visual  sense  which  their  designation 
would  imply ;  for  (according  to  the  affirmation  of  Longet)  they  may  be 
completely  destroyed  in  Mammals  and  Birds,  without  destruction  of  sight 
or  loss  of  the  activity  of  the  pupil ;  and  irritation  of  one  or  both  of  them 
produces  no  contraction  of  the  pupil.  It  seems  probable,  therefore,  that 
the  loss  of  sight  with  dilatation  and  immobility  of  the  pupil,  which  is 
frequently  observed  in  cases  of  apoplectic  effusion  into  the  substance  of 
the  Thalami,  is  really  due  to  the  compression  of  the  Optic  nerves  which 
lie  beneath  them.  These  bodies  appear,  however,  to  possess  a  veiy  de- 
cided influence  on  the  jjower  of  voluntary  movement;  for  although  an 
animal  maintains  its  balance,  and  can  be  made  to  move  onwards,  after  the 
removal  of  the  Cerebral  Hemispheres,  and  even  after  the  removal  of  the 
Corpora  Striata,  yet  if  either  of  the  Thalami  Optici  be  removed,  the  sen- 
sibility and  power  of  voluntary  movement  are  destroyed  on  the  opimite 
side  of  the  body,  and  the  animal  consequently  falls  over  to  that  side 
(Longet).  If,  instead  of  the  entire  removal  of  one  of  the  Thalami,  an 
incision  be  made  in  it  without  the  previous  removal  of  the  Cerebrum,  the 
animal  keeps  turning  to  one  side  in  a  circular  manner  (evolution  du 
manege) :  according  to  Longet  and  Lafai-gue,  this  movement  is  directed 
in  the  rabbit  towards  the  opposite  side ;  whilst  Floureus  states  that  in  the 
frog  its  direction  is  towards  the  injured  side;  and  according  to  Schiflf* 
the  destruction  of  the  three  anterior  fourths  of  this  organ  in  the  rabbit 
determines  this  movement  towards  the  injured  side,  whilst  that  of  the 
posterior  fourth  determines  the  movement  towards  the  opposite  side.  No 
mechanical  irritation  of  the  Thalami  produces  either  signs  of  pain  or  mus- 
culai'  movement;  and  this  fact  might  at  first  appear  to  negative  the 
doctrine  that  these  organs  are  the  ganglia  of  common  sensation.  But  it 
must  be  borne  in  mind  that  the  production  of  pain  by  mechanical  injuries 
is  by  no  means  an  universal  phenomenon  in  the  case  of  the  nerve-trimks 
which  minister  to  sensation,  the  olfactive,  optic,  and  auditory  nerves  being 
exempted;  and  it  need  occasion  still  less  surprise,  therefore,  that  a  nervous 
centre  should  be  destitute  of  this  kind  of  impressibility. — The  effects  of 
lesions  of  the  Corpora  Striata  are  less  distinctly  marked.  It  was  affirmed 
by  Magendie  that  there  exists  in  them  a  motor  power,  Avhich  excites  hack- 
ward  movement,  and  that  a  corresponding  power  of  exciting  forivani 
movement  exists  in  the  Cerebellum ;  that  these  two  powers  ordiuai-ily 
balance  one  another;  but  that,  if  either  organ  be  removed,  the  power  ot 
the  other  will  occasion  a  continual  automatic  movement,  the  reniovai  oi 
the  Corpora  Striata  causing  an  irresistible  tendency  to  forward  progi-es- 
sion,  whilst  the  division  of  the  peduncles  of  the  Cerebellum  (according  to 
him)  occasions  the  reverse  movement.    These  assertions,  however,  have 

*  Roser's  und  Wiinderlich's  "  Archiv.  fiir  Physiol.,  Heilkuiide,"  1846,  §  667. 
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t  been  confirmed  by  other  experimenters.    According  to  Longet  (Op. 
),  SchiftV*  and  Lafai-gne,t  the  results  of  removal  of  the  Corpora  Striata 
li  the  anterior  part  of  the  Cerebral  hemispheres,  are  for  the  most  part 
ratiye ;  for  the  animal  usually  remains  in  a  state  of  profound  stupor, 
:iough  still  retaining  the  erect  position;  and  it  is  only  when  irritated 
pinching  or  pricking,  that  it  will  execute  any  rapid  movements.  No 
>chanical  irritation  of  the  Corpora  Striata  produces  either  signs  of  pain 
muscular  movement. — No  distinct  evidence  regarding  the  special  func- 
';is  of  either  of  these  ganglionic  masses,  can  be  gained  from  Pathological 
lenomena.     So  far  as  is  yet  known,  extensive  disease  of  either  the 
lalamus  Opticus  or  the  Corpus  Striatum  of  one  side  produces  hemiplegia, 
paralysis  both  of  sensation  and  motion,  on  the  opposite  side.  The  same 
>nlt  very  commonly  follows  an  apoplectic  effusion  into  the  substance  of 
tlier;  and  although  it  has  been  maintained  that  when  the  lesion  is 
iiited  to  the  Corpus  Striatmn,  the  posterior  member  is  peculiarly  or 
one  affected,  and  that  lesion  of  the  Thalamus  Opticus  alone  has  a  special 
mdency  to  occasion  paralysis  of  the  anterior  member,  yet  the  careful 
.  aalysis  which  has  been  made  by  Andi-al  X  into  the  pathological  pheno- 
aena  afforded  by  seventy-five  cases  of  paralysis  in  which  the  apoplectic 
fiaiision  was  limited  to  one  or  other  of  these  bodies,  does  not  afford  the 
»ast  countenance  to  any  such  doctrine.    And  it  is  affirmed  by  Longet, 
i.'Qat  injury  or  removal  of  the  Coi-pus  Striatum  of  one  side  did  not,  in  his 
i^xperiments,  affect  the  posterior  more  than  the  anterior  limb;  nor  could 
e.e  detect  any  difference  in  the  condition  of  these  limbs  after  the  removal 
!  f  the  Thalamus. 

738.  When  the  fibrous  tracts  which  connect  these  ganglionic  masses 
with  the  Medulla  Oblongata,  and  which  are  commonly  (but  erroneously) 
t  designated  as  the  Crura  Cerebri,  are  completely  divided,  the  result,  as 
might  be  anticipated,  is  the  annihilation  of  sensibility  and  of  the  power  of 
t  ^ohmtary  movement  in  the  body  generally.  §  When,  however,  the  Crura 
Oerebri  of  a  rabbit  are  not  completely  divided,  but  one  of  them  is  partially 
1  !ut  through,  a  little  in  front  of  the  Pons  Varolii,  the  animal  is  said  by 
.  Lionget  and  Schiff  to  exhibit  a  constant  tendency  to  ttu-n  towards  the  side 
'  opposite  to  that  of  the  lesion,  so  that  it  performs  the  circular  evolution  dit 
manege  ;  the  diameter  of  its  circle  of  movement  being  smaller,  in  propor- 
tion as  the  incision  approaches  the  edge  of  the  Pons.  But  if  one  of  the 
Crura  be  completely  divided,  the  animal  then  falls  over  on  the  opposite 
side ;  the  limbs  of  that  side  being  paralysed  to  the  influence  of  the  Ence- 
phalic centres,  though  they  may  be  still  caused  to  exhibit  reflex  motions. 
Hence  it  appears  that  the  circular  movements  which  are  performed  after 
!  incomplete  lesions  of  the  Cms  Cerebri  and  Thalamus  Opticus  of  either 
side,  are  due  to  the  weakening  of  the  sensori-motor  apparatus  of  the  oppo- 
site side,  whereby  the  balance  of  the  muscular  actions  of  the  two  sides  is 

*  "  De  vi  motoria  baseos  encephali,"  Bockenhemii,  1845. 

+  "  Essai  sur  la  valeur  des  localisations  encephaliqucs,"  &c  ,  These  inaug.,  Paris,  183!]. 
X  "  Clinique  Medicale,"  torn.  ii.  p.  664,  et  seq. 

§  It  is  considered  by  Longet  tliat  these  functions  are  not  completely  destroyed,  because  the 
■  animals  on  wliom  this  operation  has  been  performed  still  retain  some  power  of  movement,  and 
respond  by  cries  to  impressions  that  ordinarily  produce  pain.  There  is  no  proof,  however, 
that  such  actions  are  other  than  '  excito-motor they  certainly  cannot  in  themselves  bo 
admitted  as  proving  the  persistence  of  consciousness  in  the  lower  segment  of  the  Cerebro- 
spinal axis. 
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destroyed.    Nearly  the  same  results  have  been  obtained  on  this  point  by 
Longet,  Lafargue,  and  Schiff. — Considerable  importance  is  attached  by 
some  Physiologists  to  the  part  of  the  Encephalon  known  as  the  Tuber  A-L 
nulare,  to  which  the  name  of  Mesoceioliale  has  also  been  given.    This  is 
not  altogether  synonymous  with  the  Fons  Varolii,  as  some  Anatomists 
have  represented  it;  for,  while  the  latter  consists  of  transverse  fibres, 
which  form  the  commissure  between  the  hemispheres  of  the  Cerebellum, 
surrounding  and  passing  between  the  longitudinal  fibres  of  the  Sensory 
and  Motor  tracts  which  constitute  the  Crura  Cerebri,  the  Tuber  Annulare 
(which  exists  in  animals  whose  Cerebellum  has  no  hemispheres)  is  a  pro- 
jection  from  the  surface  of  the  proper  Medulla  Oblongata,  containing  a 
considerable  nucleus  of  vesicular  matter.     The  experiments  of  Longet 
have  led  him  to  the  conclusion  that  this  ganglionic  mass  is  an  indepen- 
dent centre  of  sensation  and  of  motor  power;  but  they  do  not  afford  "any 
clear  information  as  to  its  special  attributes.    He  states,  however,  that 
convidsive  movements  are  excited  by  irritating  it,  and  especially  by  the 
transmission  of  an  electric  current  through  its  substance.    These  move- 
ments, however,  according  to  the  testimony  of  Dr.  Todd,  appear  to  be  of 
a  different  character  from  those  which  are  excited  by  the  application  of 
the  same  stimulus  to  the  Spinal  Cord  and  Medulla  Oblongata;  for  he 
states  that  whilst  the  convidsions  excited  by  the  transmission  of  the  om-- 
rent  of  the  magneto-electric  machine  through  the  parts  just  named  are 
tetanic,  the  muscles  being  thrown  into  a  state  of  fixed  contraction, — those 
which  ensue  when  the  current  is  transmitted  through  the  region  of  the 
Mesocephale  and  Corpora  Quadrigemina  are  ejnleptic,  being  combined 
movements  of  alternate  contraction  and  relaxation,  flexion  and  extension, 
affecting  the  muscles  of  all  the  limbs,  of  the  trunk,  and  of  the  eyes,  which 
roll  about  just  as  in  epilejDsy.* 

739.  Nerves  of  Special  Sense. — Having  thus  taken  a  general  survey 
of  the  information  supplied  by  Comparative  Anatomy,  Experiment,  and 
Pathological  phenomena,  in  regard  to  the  functions  of  this  division  of  the 
Encephalon,  we  shall  next  inquire  into  the  attributes  of  the  Nerves  of 
which  they  are  obviously  the  ganglionic  centres.  —  Through  the  First 
pair,  or  Olfactory  nerves,  are  transmitted  the  impressions  made  by  odor- 
ous emanations  upon  the  surface  it  supplies  ;  and  it  is  not  susceptible  to 
impressions  of  any  other  kind.  Anatomical  examination  of  the  distri- 
bution of  this  nerve  proves  that  it  is  not  one  which  directly  conveys 
motor  influence  to  any  muscles,  since  all  its  branches  are  distributed  to 
tlie  membrane  lining  the  nasal  cavity ;  and  experimental  inquiry  leads  to 
the  same  result,  for  no  irritation  of  the  peduncles  or  branches  excites  any 
muscular  movement.  Further,  no  irritation  of  any  part  of  this  nerve 
excites  reflex  actions  through  other  nerves.  Again,  it  is  not  a  nerve  of 
common  sensation ;  for  animals  exhibit  no  sign  of  pain,  when  it  is  sub- 
jected to  any  kind  of  irritation.  Neither  the  division  of  the  nerve,  nor 
the  destruction  of  the  olfactive  ganglia,  seems  to  inconvenience  them 
materially.  They  take  their  food,  move  with  their  accustomed  agility, 
and  exhibit  the  usual  appetites  of  their  kind.  The  'commoii'  sensibihty 
of  the  parts  contained  in  the  olfactive  organ  is  in  no  degi-ee  impaired,  as 

*  Lunileiim  Lectures  '  On  the  Pathology  and  Treatment  of  Convulsive  Diseases,'  in 
"Medical  Gazette,"  May  11,  1«49, 
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shown  by  the  effect  of  irritating  vapours ;  bnt  the  animals  are  destitute 
the  sense  of  smell,  as  is  shown  by  the  way  in  which  these  vapours 
'ect  them.    At  first  they  appear  indifferent  to  their  presence,  and  then 
ddenly  and  vehemently  avoid  them,  as  soon  as  the  Schneiderian  mem- 
me  becomes  irritated.    Moreover,  if  two  dogs,  with  the  eyes  bandaged, 
le  having  the  olfactory  nerves  and  ganglia  sound,  and  the  other  having 
ad  them  destroyed,  are  brought  into  the  neighbourhood  of  the  dead 
ody  of  an  animal,  the  former  will  examine  it  by  its  smell ;  whilst  the 
ittcr,  even  if  he  touches  it,  pays  no  attention  to  it.    This  experiment 
alentin*  states  that  he  has  repeated  several  times,  and  always  with  the 
ime  results.    Further,  common  observation  shows  that  sensibility  to 
litants,  such  as  snuff,  and  acuteness  of  the  power  of  smell,  bear  no 
(lustaut  proportion  to  one  another;  and  there  is  ample  pathological 
:  vidence,  that  the  want  of  this  sense  is  connected  with  some  morbid  con- 
-ition  of  the  olfactory  nei-ves  or  ganglia. — It  is  well  known  that  Magendie 
aas  maintained,  that  the  Fifth  pair  in  some  way  furnishes  conditions 
tyequisite  for  the  enjoyment  of  the  sense  of  smell  j  asserting  that,  when  it 
5S  cut,  the  animal  is  deprived  of  this.    But  his  experiments  were  made 
rvith  irritating  vapours,  which  excite  sternutation  or  other  violent  mus- 
lulai*  actions,  not  through  the  Olfactory  nerve,  but  through  the  Fifth 
\)air;  and  the  experiments  of  Valentin,  just  related,  fully  prove  that  the 
iiinimals  are  not  sensitive  to  odours,  strictly  so  called,  after  the  Olfactory 
I'lerve  has  been  divided.    It  is  highly  probable,  however,  that  the  acute- 
ness of  the  true  sense  of  smell  may  be  diminished  by  section  of  the  Fifth 
ipau' ;  since  the  Schneiderian  membrane  is  no  longer  duly  moistened  by 
uts  proper  secretion ;  and,  when  dry,  it  is  not  so  susceptible  of  the  impres- 
oiions  made  by  those  minute  particles  of  odoriferous  substances,  to  which 
hhe  excitement  of  the  sensation  must  be  referred. 

■740.  That  the  Second  pair,  or  Optic  nerved",  have  an  analogous  charac- 
tter,  appears  alike  from  anatomical  and  experimental  evidence.  No 
L  chemical  or  mechanical  stimulus  of  the  nerve  produces  direct  muscular 
I  motion  ;  nor  does  it  give  rise,  so  far  as  can  be  ascertained,  to  indications 
of  pain ;  whence  it  may  be  concluded,  that  this  nerve  is  not  one  of 
.  common  sensation.    That  the  ordinary  sensibility  of  the  eyeball  remains, 
'  when  the  functions  of  the  Optic  nerve  are  completely  destroyed,  is  well 
1  known ;  as  is  also  the  fact,  that  division  of  it  puts  an  end  to  the  power 
I  of  vision.   Valentin  states  that,  although  the  Optic  nerve  may,  like  other 
;  nerves,  be  in  appearance  completely  regenerated,  he  has  never  been  able 
•  to  obtain  any  evidence  that  the  power  of  sight  has  been  in  the  least 
I  degree  recovered.    He  remarks  that  animals  suddenly  made  blind  exhibit 
gi'eat  mental  disturbance,  and  perform  many  unaccustomed  movements ; 
and  that  the  complete  absence  of  the  power  of  vision  is  easily  ascertained. 
Morbid  changes  are  sometimes  observed  to  take  place  in  eyes,  whose 
Optic  nerve  has  been  divided ;  but  these  are  by  no  means  so  constant  or 
80  extensive,  as  when  the  Fifth  pair  is  paralysed;  and  they  may  not 
improbably  ho  attributed  to  the  injury,  occasioned  by  the  operation  itself 
to  the  parts  within  the  orbit. 

741.  The  Optic  nerve,  though  analogous  to  the  Olftxctory  in  all  the 
points  hitherto  mentioned,  differs  from  it  in  one  important  respect ;  that 

*  "  De  P'unctionibus  Nervorum  Ccrcbraliimi,"  &c.,  Bcrnae,  1 839. 
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it  has  the  power  of  conveying  impressions  which  excite  reflex  muscular 
motions.    This  is  especially  the  case  in  regard  to  the  Iris,  the  ordinary 
actions  of  which  are  regulated  by  the  degree  of  light  impinging  on  the 
retina.    When  the  Optic  nerve  is  divided,  a  contraction  of  the  pupil  takes 
place;  but  this  does  not  occur,  if  the  connection  of  this  nerve  with  the 
third  pair,  through  the  nervous  centres,  be  in  any  way  interrupted.  After 
such  division  (if  complete),  the  state  of  the  pupil  is  not  affected  by  varia- 
tions in  the  degree  of  light  impinging  on  the  retina ;  except  in  particular 
cases,  in  which  it  is  influenced  through  other  channels.  Thus,  in  a  patieut 
suffering  under  amaurosis  of  one  eye,  the  pupil  of  the  affected  eye  is  often 
found  to  vaiy  in  size,  in  accordance  with  that  of  the  other  eye;  but  this 
effect  is  produced  by  the  action  of  light  on  the  retina  of  the  sound  eye, 
which  produces  a  motor  change  in  the  thii-d  pair  on  both  sides.  Further] 
as  already  shown  (§  724),  the  imjivession  only  of  light  upon  the  retina  may 
give  rise  to  contraction  of  the  pupil,  by  reflex  action,  when  the  optic  nei-ve 
is  itself  sound ;  whilst  no  sensations  are  received  through  the  eye,  in  con- 
sequence of  disease  in  the  sensorial  portion  of  the  nervous  centres. 
Although  the  contraction  of  the  pupil  is  effected  by  the  influence  of  motor 
fibres,  which  proceed  to  the  sjihincter  of  the  Iris  from  the  third  pair  of 
nerves,  through  the  Ophthalmic  ganglion,  there  is  evidence  that  its  dilatar 
tion  depends  rather  upon  the  influence  it  derived  from  that  ganglion 
itself,  and  from  the  Sympathetic  system,  of  which  it  forms  part. — Some 
have  attempted  to  show,  that  the  actions  of  the  iris  are  in  a  slight  degi-ee 
voluntary,  because,  by  an  effort  of  the  will,  they  could  occasion  contrac- 
tion of  the  pupil ;  but  this  so-called  voluntary  contraction  is  always  con- 
nected with  a  change  in  the  place  of  the  eyebaU  itself,  occasioned  by  an 
action  of  some  of  its  muscles.    It  is  principally  noticed  under  the  two 
following  conditions  : — 1.  When  an  object  is  brought  very  near  the  eye, 
and  we  steadily  fix  our  attention  upon  it,  the  axes  of  the  two  eyes  are 
made  to  converge ;  and  if  this  convergence  be  carried  to  a  considerable 
extent,  so-  that  the  pupils  of  both  eyes  are  sensibly  directed  towards  the 
inner  canthus,  a  contraction  of  the  pupil  takes  place.    The  final  cause  or 
pxu-pose  of  this  contraction  is  very  evident.    When  an  object  is  brought 
near  the  eye,  the  rays  j)roceeding  from  it  would  enter  the  pupil  (if  it 
remained  of  its  usual  size)  at  an  angle  of  divergence  so  much  greater  than 
that  which  would  aUow  them  to  be  proj^erly  refracted  to  a  focus,  that  in- 
distinct vision  would  necessarily  result.    By  the  contraction  of  the  pupil, 
however,  the  extreme  or  most  divergent  rays  are  cut  off,  and  the  pencil  is 
reduced  within  the  proper  angle.    The  lorinciple  is  precisely  the  same,  as 
that  on  which  the  optician  ajpplies  a  sto2o  behind  his  lenses,  which  reduces 
their  aperture  in  proportion  to  the  shortness  of  their  focal  distance. 
2.  Contraction  of  the  pupil  is  also  noticed,  when  the  eyeball  is  performing 
that  rotation  upwards  and  inwards,  which,  when  it  occurs  along  with 
violent  respiratory  actions,  or  during  sleep,  must  be  regarded  as  involun- 
tary.   (This  rotation  also  takes  place,  to  a  slight  degi-ee,  when  the  eyelid 
is  depressed,  as  in  ordinary  winking;  and  it  is  obvious  that,  in  this 
manner,  the  surface  of  the  eye  is  more  effectually  swept  free  from  impu- 
rities which  may  have  gathered  upon  it,  than  it  would  be  by  the  downward 
motion  of  the  lid  alone.)    But  the  pupil  is  not  contracted,  when  the  eyeball 
is  voluntarily  rotated  upwards  and  inwards.    Besides  the  contractious  of 
the  pupil,  another  action  of  a  '  reflex'  character  is  produced  through  the 
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Optic  nerve, — the  contraction  of  the  Orbicnlaris  mnscle  under  the  influ- 
ence of  strong-  light,  or  when  a  foreign  body  is  suddenly  brouglit  near  the 
eye.  But  this  cannot  be  produced  without  a  consciousness  of  the  object; 
in  fact,  it  is  a  movement  of  a  '  consensual '  kind,  produced  by  the  painful 
effect  of  light,  which  gives  rise  to  the  condition  well  characterised  by  the 
term  photophohia.  The  involimtaiy  character  of  it  must  be  evident  to 
every  one  who  has  been  engaged  in  the  treatment  of  diseases  of  the  eyes; 
and  the  effect  of  it  is  aided  by  a  similarly-involuntary  movement  of  the 
eyeball  itself,  which  is  rotated  upwai'ds  and  inwards,  to  a  greater  extent 
than  the  Will  appears  able  to  effect. — Another  reflex  movement  excited 
thi'ough  the  visual  sense,  is  that  of  Sneezing,  which  is  induced  in  many 
individuals  by  the  sudden  exposirre  of  the  eyes  to  a  strong  light :  of  the 
purely  automatic  character  of  this  movement  there  can  be  no  question, 
since  it  cannot  be  imitated  voluntarily ;  and  that  it  is  not  excito-motor,  is 
proved  by  the  fact  that  it  is  not  excited  unless  the  light  is  seen.* 

742.  There  is  a  further  peculiarity,  of  a  very  marked  kind,  attending 
the  coui'se  of  the  Optic  nerves;  this  is  the  crossing  or  decussation  which 
they  undergo,  more  or  less  completely,  whilst  proceeding  from  their 
gangha  to  the  eyes.  In  some  of  the  lower  animals,  in  which  the  two  eyes 
(from  their  lateral  position)  have  entirely  different  spheres  of  vision,  the 
decussation  is  complete ;  the  whole  of  the  fibres  from  the  right  optic 
ganglion  passing  into  the  left  eye,  and  vice  versd.  This  is  the  case,  for 
example,  with  most  of  the  Osseous  Fishes  (as  the  cod,  halibut,  &c.) ;  and 
also,  in  gi*eat  part  at  least,  with  Birds. t  In  the  Human  subject,  however, 
and  in  animals  which,  like  him,  have  the  two  eyes  looking  in  the  same 
direction,  the  decussation  seems  less  complete ;  but  there  is  a  very  re- 
markable arrangement  of  the  fibres,  which  seems  destined  to  bring  the 
two  eyes  into  peculiarly  consentaneous  action.  The  posterior  border  of 
the  Optic  Chiasma  is  formed  exclusively  of  commissural  fibres,  which  pass 
from  one  optic  ganglion  to  the  other,  without  entering  the  real  optic 
nerve.  Again,  the  anterior  border  of  the  Chiasma  is  composed  of  fibres, 
which  seem,  in  like  manner,  to  act  as  a  commissure  between  the  two 
retince;  passing  from  one  to  the  other,  without  any  connection  with  the 
optic  ganglia.  The  tract  which  lies  between  the  two  borders,  and  occupies 
the  middle  of  the  Chiasma,  is  the  true  Optic  Nerve;  and  in  this  it  would 
appear  that  a  portion  of  the  fibres  decussates,  whilst  another  portion 
passes  directly  from  each  Optic  ganglion  into  the  corresponding  eye. 
The  fibres  which  proceed  from  the  ganglia  to  the  retinee,  and  constitute 
the  proper  Optic  Nerves,  may  be  distinguished  into  an  internal  and  an 
external  tract.  Of  these,  the  external  on  each  side,  passes  directly  on- 
wards to  the  eye  of  that  side;  whilst  the  internal  crosses  over  to  the  eye 
of  the  opposite  side.  The  distribution  of  these  two  sets  of  fibres  in  the 
retina  of  each  eye  respectively,  is  such  that,  according  to  Mr.  Mayo,  the 
fibres  from  either  optic  ganglion  will  be  distributed  to  its  own  side  of  both 
eyes ;  J  the  right  optic  ganglion  being  thus  exclusively  connected  with  the 

•  A  patient  was  for  some  time  in  the  Lcmdon  Hospital,  in  whom  there  was  such  an  undue 
impressibility  of  the  retina,  that  she  could  not  remain  in  even  a  moderate  light,  without  a 
continual  repetition  of  the  act  of  Sneezing. 

t  See  Solly  on  "The  Human  Brain,"  2nd  edit.,  p.  2!i». 

t  This  arrangement  was  first  hypothctically  suggested  hy  Dr.  Wollaston  ("  Philos. 
Trans.,"  1824),  as  facilitating  the  e.xplanation  of  some  of  the  phenomena  of  vision,  and  more 
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outer  part  of  the  retina  of  the  right  eye,  and  with  the  inner  part  of  the 
retina  of  the  left  eye ;  and  the  left  optic  gangUon  being,  in  hke  manner 
connected  exclusively  with  the  outer  side  of  the  left  retina,  and  with  the 
inner  side  of  the  right.  Now  as  either  side  of  the  eye  receives  the  images 
of  objects  which  are  on  the  other  side  of  its  axis,  it  follows,  if  this  account 
of  their  distribution  be  correct,  that  in  Man,  as  in  the  lower  animals,  each 
ganglion  receives  the  sensations  of  objects  situated  on  the  02-)x>osite  sides  of 
the  body.  The  purpose  of  this  decussation  may  be,  to  bring  the  visual 
impressions,  which  are  so  important  in  directing  the  movements  of  the 
body,  into  proper  harmony  with  the  motor  apparatus;  so  that,  the  decus- 
sation of  the  motor  fibres  in  the  pyramids  being  accompanied  by  a  decus- 
sation of  the  optic  nerves,  the  same  effect  is  produced  as  if  neither 
decussated, — which  last  is  the  case  with  Invei-tebrated  animals  in  general. 

743.  The  functions  of  the  Auditory  nerve,  or  Portio  Mollis  of  the  7th, 
are  easily  determined,  by  anatomical  examination  of  its  distribution,  and 
by  obsei-vation  of  pathological  phenomena,  to  be  analogous  to  those  of 
the  two  preceding.  Atrophy  or  lesion  of  the  trunk  destroys  the  sense  of 
Hearing;  whilst  irritation  of  it  produces  auditory  sensations,  but  does 
not  occasion  pain.  From  experiments  made  upon  the  nerve  before  it 
leaves  the  cranial  cavity,  it  appears  satisfactorily  ascertained,  that  this 
nerve  is  not  endowed  either  with  common  sensibility,  or  with  the  power 
of  directly  stimulating  muscular  movement.  Nor  can  any  obvious  reflex 
actions  be  executed  by  irritation  of  this  nerve ;  but  it  seems  nevertheless 
by  no  means  improbable,  that  the  muscles  which  regulate  the  tension  of 
the  Tympanum,  are  called  into  action  by  impressions  made  upon  it  and 
reflected  through  the  auditory  ganglion,  in  the  same  manner  as  the 
diameter  of  tlie  pupil  is  regulated  through  the  optic  nerve.  In  the  invo- 
luntai-y  start,  however,  which  is  occasioned  by  a  loud  and  sudden  sound, 
we  have  an  example  of  a  consensual  movement  excited  through  the 
Auditory  nerve,  which  is  evidently  analogous  to  the  closure  of  the  eyes 
to  a  strong  light.  In  certain  morbidly-impressible  states  of  the  nervous 
system,  as  will  be  shown  hereafter,  the  effect  of  sounds  on  the  motor 
apparatus  is  far  more  remarkable. — It  has  been  attempted  by  Flom-ens  to 
show,  that  the  division  of  the  Auditory  nerve,  which  proceeds  to  the 
Semi-circular  canals,  has  functions  altogether  diflFerent  from  that  portion 
which  supplies  the  Vestibule  and  Cochlea.  This  inference,  however,  is 
grounded  only  upon  the  movements  exhibited  by  animals  in  which  these 
nerves  are  irritated ;  which  movements  are  capable  of  a  different  explana- 
tion (§  736). 

744.  The  nerves  which  minister  to  the  sense  of  Taste  are  destitute  of 
the  peculiarities  which  distinguish  the  proceeding ;  being  no  other  than 
certain  branches  of  ordinary  afferent  nerves, — the  Fifth  Pair  and  Glosso- 
pharyngeal (§  717) — the  peculiar  endowments  of  which  seem  to  depend 
rather  upon  the  structure  and  actions  of  the  papillae  at  then-  peripheral 
extremities,  than  upon  anything  special  in  their  own  characters ;  for,  as 

particularly  single  vision  with  two  eyes.  We  shall  hereafter  see,  however,  that  the  single- 
ness of  the  impression  resulting  from  the  formation  of  two  pictures  upon  our  retinas  is  not 
attributable  to  any  such  anatomical  arrangement,  tlieir  combination  being  a  mental  process, 
and  the  fusion  of  two  dissimilar  pictures  being  requisite  to  enable  us  to  exercise  one  of  the 
highest  attributes  of  the  visual  sense,  the  perception  of  projectioii.  (See  ch.w.  xv- 
Sect.  5). 
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ill  the  case  of  the  ordinary  nerves  of  'common'  sensation,  mechanical 
irritation  applied  to  them  calls  forth  indications  of  pain. — From  the 
observations  and  experiments  of  M.  CI.  Bernard,*  it  ajjpears  that  the 
Facial  nerve  (portio  dura  of  the  7th)  supplies  some  condition  requisite 
for  the  sense  of  Taste,  through  the  branch  known  as  the  Chorda  Tympani, 
which  is  the  motor  nerve  of  the  Lingualis  muscle.  When  paralysis  of 
the  Facial  exists  in  Man,  the  sense  of  taste  is  very  much  impaired  on  the 
corresponding  side  of  the  tongue,  provided  the  cause  of  the  paralysis  be 
seated  above  the  origin  of  the  Chorda  Tympani  from  its  trunk.  Similar 
results  have  been  obtained  fi'om  experiments  upon  other  animals.  The 
natm-e  of  the  influence  afforded  by  this  nerve  is  entirely  unknown ; 
and  it  is  the  more  obscure,  as  the  Chorda  Tympani  contains  no  sensory 
filaments. 

745.  To  the  sense  of  Touch,  all  the  afferent  nerves  of  the  body  (save 
the  nerves  of  special  sense)  appear  to  minister ;  in  virtue — according  to 
the  doctrine  already  propounded — of  the  direct  connection  of  certain  of 
theu"  fibrils  with  the  Sensoriwm  commune.  But  the  degree  in  which  they 
are  capable  of  producing  Sensations,  does  not  bear  any  constant  relation 
to  theu"  power  of  exciting  reflex  actions.  Thus,  the  Glosso-pharyngeal  is 
not  nearly  so  sensitive  as  the  Fifth  pair;  though  more  powerful  as  an 
exciter  nerve.  The  Par  Vagum  appears  to  have  even  less  power  of 
arousing  sensory  changes ;  although  it  is  the  most  important  of  all  the 
exciters  to  reflex  action.  So  again,  the  alFerent  nei*ves  of  the  inferior 
extremities,  in  Man,  ai'e  less  concerned  in  ministering  to  sensations,  than 
are  those  of  the  superior;  and  yet  they  appear  to  be  much  more  efficient 
as  exciters  to  muscular  action, — These  differences  may  be  accounted  for, 
by  supposing  that  the  proportion  which  the  fibres,  having  their  centre  in 
the  ganglionic  matter  of  the  Spinal  Cord,  bears  to  that  of  the  fibres 
which  pass-on  to  the  Sensorium,  is  not  constant,  but  is  liable  to  variation; 
the  former  predominating  in  the  Par  Vagum  and  the  Glosso-pharyngeal, 
whilst  the  latter  are  more  numerous  in  the  Fifth  Pair,  and  in  most  of  the 
Spinal  nei-ves, 

746.  To  the  reflex  actions  of  the  Sensory  Ganglia,  all  the  motor  fibres 
of  the  Cranio-spinal  axis,  save  those  which  originate  in  its  Spinal  portion, 
may  be  considered  as  subservient;  for,  as  we  have  seen,  the  motor 
coliimns  fi-om  which  proceed  the  anterior  roots  of  the  Spinal  nerves  and 
the  motor  Encephalic  nerves,  pass  up  into  the  Corpora  Striata  and  Cor- 
pora Quadrigemina;  and  although  the  direct  connection  of  the  other 
ganglia  of  Special  Sense  with  the  motor  columns  is  at  present  a  matter 
of  presumption  only,  yet  tliis  presumption  is  strongly  supported  by  the 
analogy  of  the  Optic  ganglia,  the  distinctness  of  the  connection  in  this  case 
being  easily  accounted-for,  when  it  is  remembered  in  how  great  a  degree 
the  general  movements  of  the  body  are  guided  by  the  visual  sense.  This 
anatomical  evidence  is  fully  bome-out  by  the  results  of  experiment; 
since,  as  we  have  seen  (§  738),  convulsive  movements  of  all  parts  of  the 
body  may  be  excited  by  the  application  of  the  electric  stimulus  to  this 
division  of  the  Encephalic  centres.- 

747.  Functions  of  the  Senso7'y  Ganglia. — We  have  now  to  consider 
what  deductions  may  be  drawn  with  regard  to  the  functions  of  the 

*  "•  Archives  Oeneralos  de  M^decine,"  ]{]'!  4. 
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Sensory  Ganglia  in  Man,  from  the  facts  supplied  by  Comparative 
Anatomy,  Experimental  inquiry,  and  Pathological  phenomena.  Here 
as  in  the  case  of  the  Spinal  Cord,  we  have  to  distinguish  between  their 
operation  as  independent  ganglionic  centres,  and  their  action  in  sub- 
sei-vience  to  the  Cerebrum,  which  is  superposed  upon  them.  We  have 
seen  reason  to  conclude  that  in  their  former  capacity,  they  are  to  be 
regarded  as  the  true  centres  of  Sensation  (t.  e.  of  the  consciousness  of  ex- 
ternal impressions),  and  as  the  instniment,  in  virtue  of  their  own  '  reflex ' 
power,  of  that  class  of  Instinctive  or  Automatic  movements,  which  re- 
quire to  be  prompted  and  guided  by  sensations,  and  which  cannot,  there- 
fore, be  referred  to  the  excito-motor  group.  But  although  it  is  suffi- 
ciently obvions  that  such  movements  constitute  the  highest  manifestations 
of  Animal  life  in  the  Invertebrata  generally,  and  that  they  are  but  little 
modified  by  any  higher  principle  of  action  even  in  the  lower  Vertebrata, 
yet  it  is  no  less  obvioiis  that  in  adidt  Man,  in  whom  the  Intelligence  and 
Will  are  fully  developed,  we  have  comparatively  little  evidence  of  this 
independent  reflex  action  of  the  Sensory  Ganglia; — all  those  automatic 
actions  which  are  immediateltj  necessary  for  the  maintenance  of  his  Or- 
ganic life,  being  provided- for  by  the  excito-motor  portion  of  the  appa- 
ratiis,  so  that  altliough  sensation  ordinarily  accomj)anies  most  of  them,  it 
is  not  essential  to  them;  whilst  those  which  are  necessary  to  provide 
more  reinotehj  for  its  requirements,  ai^e  for  the  most  j^art  committed  to 
the  guidance  of  his  Reason.  For  the  impressions  which  have  been 
brought  by  the  afferent  nerves  to  his  Scnsorium,  and  which  liave  there 
produced  sensations,  do  not  in  general  react  at  once  uj)on  the  motor 
apparatiis  (as  they  do  in  those  animals  in  which  the  Sensory  Ganglia  are 
the  highest  of  the  nervous  centres),  but  usually  transmit  their  influence 
upwards  to  the  Cerebrum,  through  whose  instrumentality  they  give  rise 
to  idcixs  and  reasoning  processes,  which  operate  upon  the  motor  apparatus 
cither  emotionally  or  volitionally.  And  it  is  for  the  most  part  only 
when  tliis  upward  transmission  is  checked,  either  by  the  non-develop- 
ment or  the  "functional  inactivity  of  the  Cerebrum,  or  by  its  comjilete 
occupation  in  some  other  train  of  action,  —  or,  on  the  other  hand,  when 
the  reflex  action  of  the  Sensory  ganglia  is  called  into  play  with  unusual 
potency,  —  that  we  have  any  manifestations  of  the  sensori-viotor  or  co7i- 
sensual  mode  of  operation  in  Man,  at  all  comparable  in  variety  or 
importance  to  those  which  are  so  remarkable  in  the  lower  animals. 

748.  Still,  sufficient  evidence  of  the  existence  of  this  class  of  reflex 
movements  may  be  di-awn  from  observation  of  the  actions  of  Man  in  his 
ordinary  condition ;  examples  of  it  being  furnished  (as  we  have  seen)  by 
the  closure  of  the  eyes  to  a  dazzling  light,  the  start  caused  by  a  loud  and 
unexpected  sovmd,  or  the  sneezing  excited  by  sensory  impressions  on  the 
Schneiderian  membrane  or  the  retina.  To  these  may  be  added  the  vomit- 
ing produced  by  various  sensory  impressions,  as  the  sight  of  a  loathsome 
object,  a  disagreeable  smell,  a  nauseous  taste,  or  that  pecidiar  feeling  of 
want  of  support  which  gives  rise  to  '  sea-sickness,'  especially  when  com- 
bined with  the  sight  of  continually  shifting  lines  and  surfaces,  which 
itself  in  many  individuals  disposes  to  the  same  state ;  the  involuntary 
laughter  which  is  excited  by  tickling,  and  also  that  which  sometimes 
involuntarily  bursts  forth  at  the  provocation  of  some  sight  or  sound  to 
which  no  ludicrous  idea  or  emotion  caia  be  attached;  the  yawning  which 
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is  excited  by  au  internal  sensation  of  uneasiness  (usually  arising  from 
deficient  respiration)  or  by  the  sight  or  sound  of  the  act  as  performed 
by  another  ;  and  those  involuntary  movements  of  the  body  and  limbs, 
excited  by  uneasy  sensations  (probably  muscular),  which  are  commonly 
designated  as  'the  fidgets.'     When  the  reflex  activity  of  the  Sensory 
gangha  is  more  strongly  excited,  in  consequence  either  of  an  unusual 
potency  of  the  sensory  impressions,  or  of  an  unusual  excitability  of  this 
part  of  the  nervous  centres,  a  much  greater  variety  of  sensori-motor  actions 
is  witnessed.    The  powerful  involuntary  contraction  of  the  orbicularis 
and  of  the  muscles  which  roll  the  eyeball  upwards  and  inwai-ds,  in  cases 
of  excessive  irritability  of  the  retina  is  one  of  the  best  examples  of  this 
kind;  but  another  very  curious  illustration  is  afforded  by  the  involun- 
tary abridgment  of  the  excito-motor  actions  of  i-espiration  when  the 
performance  of  these  is  attended  with  pain,  —  the  dependence  of  this 
abridgment  upon  the  direct  stimulus  of  sensation,  rather  than  upon 
voluntary  restraint,  being  obvious  from  the  fact  that  it  often  presents 
itself  on  one  side  only,  a  limitation  which  the  Will  cannot  imitate. 
Ag-ain,  there  are  certain  Convulsive  disorders  which  appear  to  depend 
upon  an  undue  excitability  of  these  centres,  the  paroxysms  being  excited 
by  impressions  which  act  thi'ough  the  organs  of  sense,  and  are  not  thus 
operative  unless  the  patient  be  conscious  of  them ;  thus  in  Hydi'ophobia, 
we  observe  the  immediate  influence  of  the  sight,  sound,  or  contact,  of 
liquids,  or  of  the  slightest  currents  of  air,  in  exciting  muscular  contrac- 
tions; and  in  many  Hysteric  subjects,  the  sight  of  a  paroxysm  in  another 
individual  is  the  most  certain  means  of  its  induction  in  themselves.  A 
remarkable  case  of  this  general  exaltation  of  purely  sensorial  excitability 
has  been  recorded  by  Dr.  Cowan ;  who  gives  the  following  account  of  the 
phenomena,  which  can  scarcely  be  referred  to  any  other  than  this  cate- 
goiy.    "  The  shadow  of  a  bu-d  crossing  the  window,  though  the  blind  and 
bed-curtains  are  closed,  the  displacement  of  the  smallest  portion  of  the 
wick  of  a  candle,  the  slightest  changes  in  the  firelight,  induce  a  sudden 
jerking  of  the  spinal  muscles,  extending  to  the  arms  and  legs  when 
violent,  and  this  without  the  slightest  mental  emotion  of  any  kind 
beyond  a  consciousness  of  the  movement.    At  times  the  vocal  organs  are 
implicated,  and  a  slight  cry,  quite  involuntary,  takes  place.     At  these 
periods  she  is  unusually  susceptible  of  all  noises,  especially  the  least 
expected  and  least  familiar.    Movements  in  the  next  house  inaudible 
to  others,  the  slightest  rattle  in  the  lock  of  a  door,  tearing  a  morsel  of 
paper,  and  a  thousand  little  sources  of  sound  not  to  be  catalogued,  induce 
results  similar  to  those  of  visual  impressions."  * 

749.  It  is,  however,  when  the  Cerebrum  is  not  in  a  state  which  renders 
it  capable  of  receiving  and  acting-upon  Sensorial  impressions,  that  we 
find  the  indei>endent  reflex  activity  of  the  Sensory  ganglia  most  strildngly 
displayed.  Thus  in  the  Infant,  for  some  time  after  its  birth,  it  is  obvious 
to  an  attentive  observer,  that  a  large  part  of  its  movements  are  directly 
prompted  by  sensations  to  which  it  can  as  yet  attach  no  distinct  ideas,  and 
that  they  do  not  proceed  fi-om  that  pmyosive  impulse  which  is  essential 
to  render  them  voluntary.  This  is  well  seen  in  the  eftbrts  which  it 
makes  to  find  the  nipple  with  its  lips  ;  being  probably  guided  thereto  at 

*  "  Lancet,"  Oct.  4,  1845. 
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first  by  the  smell,  but  afterwards  by  the  sight  also;  when  the  nipple  lias 
been  foimd,  the  act  of  suction  is  purely  excito-motoi',  as  already  explained. 
So  in  the  idiot,  whose  brain  has  never  attained  its  normal  development, 
the  influence  of  sensations  in  directly  producing  respondent  movements 
is  obvious  to  all  who  examine  them  with  discrimination ;  and  a  remark- 
able case  will  be  cited  hereafter  (Sect.  7),  in  which  an  entire  though  tem- 
porary suspension  of  Cerebral  power,  reducing  the  subject  of  it  to  the 
condition  of  one  of  the  lowest  Vertebrata,  gave  a  very  satisfactory  proof 
of  the  independent  power  of  this  division  of  the  Encephalic  centres. — But 
we  do  not  require  to  go  so  fai*  in  seai'ch  of  characteristic  examples  of  this 
kind  of  reflex  action ;  since  they  are  afforded,  as  already  remarked,  by 
the  performance  of  habitual  movements,  which  are  clearly  under  Sensorial 
guidance,  when  the  Cerebrum  is  occupied  in  some  train  of  action  alto- 
gether disconnected  with  them.  An  individual  who  is  subject  to  'absence 
of  mind,'  may  fall  into  a  reverie  whilst  walking  the  streets;  his  whole 
attention  may  be  absorbed  in  his  train  of  thought,  and  he  may  be  utterly 
unconscious  of  any  interruption  in  its  continuity;  and  yet,  during  the 
whole  of  that  time,  his  limbs  shall  have  been  in  motion,  carrying  him 
along  the  accvistomed  path,  whilst  his  vision  shall  have  given  the  direc- 
tion to  these  movements,  which  is  requisite  to  guide  him  along  a  parti- 
cular line,  or  to  move  him  out  of  it  for  the  avoidance  of  obstacles.  As 
already  remarked  (§  72G),  there  seems  strong  reason  for  regai'ding  the 
ambulatory  movements  of  the  limbs  as  in  themselves  excito-motor ;  but 
the  guidance  of  these  movements  by  the  visual  sense  mai'ks  the  partici- 
pation of  the  Sensorium  in  this  remarkable  performance.  It  has  been 
maintfiiued  by  some  Metaphysicians  and  Physiologists  that  these  '  secon- 
darily aiitomatic'  actions  always  continue  to  be  voluntary,  because  their 
performance  is  originally  due  to  a  succession  of  volitional  acts,  and 
because,  in  tmj  pai'ticular  case,  it  is  the  will  which  first  excites  them, 
whilst  an  exertion  of  the  will  serves  to  check  them  at  any  time.  But 
this  doctrine  involves  the  notion,  that  the  will  is  in  a  state  of  pendulum- 
like oscillation  between  the  train  of  thought  and  the  train  of  movement ; 
whereas  nothing  is  more  certain  to  the  individual  who  is  the  subject  of 
both,  than  that  the  former  may  be  as  uninterrupted  as  if  his  body  were 
perfectly  at  rest,  and  his  reverie  were  taking  place  in  the  quietude  of  his 
own  study.  And  as  it  commonly  happens  that  the  direction  taken  is  that 
in  which  the  individual  is  most  in  the  habit  of  walking,  it  will  not  unfre- 
quently  occm-  that  if  he  had  previously  intended  to  pm-sue  some  other, 
he  finds  himself,  when  his  reverie  is  at  an  end,  in  a  locality  which  may 
be  very  remote  from  that  towards  w^hich  his  walk  was  originally  destined ; 
■which  would  not  be  the  case,  if  his  movements  had  been  still  under  the 
piu-posive  direction  of  the  will.  And  although  it  is  perfectly  true  that 
these  movements  can  be  at  any  time  checked  by  an  effort  of  the  will,  yet 
this  does  not  leally  indicate  that  the  will  has  been  previously  engaged  in 
sustaining  them ;  since,  for  the  will  to  act  upon  them  at  all,  the  attention 
must  be  recalled  to  them,  and  the  Cerebrum  must  be  liberated  from  its 
previous  self-occui^atiou.  And  the  gradual  conversion  of  a  volitional  luto 
an  automatic  train  of  movements,  so  that  at  last  the  train,  once  started, 
shall  continue  to  run  down  of  itself,  will  be  foimd  to  be  less  improbable 
than  it  would  at  first  appear,  when  it  comes  to  be  understood  that  the 
.  mechanism  of  both  sets  of  actions  is  essentially  the  same,  and  that  they 
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merely  differ  as  regards  the  nature  of  the  stimulus  which  originally 
excites  them  (§  757).  That  the  same  automatic  movements  are  not 
excited  by  the  same  sensations,  when  the  Cerebrum  is  in  its  ordinary  state 
of  functional  connection  with  the  Sensorium,  is  a  fact  entirely  in  harmony 
with  the  principle  akeady  laid  down  (§§  683 — G).  The  complete  occupa- 
tion of  the  mind  in  other  ways,  as  in  close  conversation  or  argument,  or 
even  (it  may  be)  in  the  voluntary  direction  of  some  other  ti'ain  of  muscular 
movements,  is  no  less  favourable  than  the  state  of  reverie,  to  that  inde- 
pendent action  of  the  Automatic  centres  which  has  been  now  described. 

750.  In  the  state  of  entire  functional  activity  of  the  nervous  centres  of 
Man,  however,  there  can  be  no  doubt  that  the  operation  of  the  Sensory 
Ganglia  is  entirely  subordinated  to  that  of  the  Cerebrum ;  and  that  it 
furnishes  an  essential  means  of  connection  between  the  actions  of  the 
Cerebrum  on  the  one  hand,  and  those  of  the  organs  of  Sense  and  Motion 
on  the  other,  by  the  combination  of  which  the  Mind  is  brought  into  rela- 
tion with  the  external  world.  For,  in  the  first  place,  it  may  be  afiirmed 
with  certainty  that  no  mental  action  can  be  excited  in  the  first  instance, 
save  by  the  stimulus  of  Sensations;  and  it  is  the  office  of  the  Sensory  gan- 
glia to  form  these  out  of  the  impressions  brought  to  them  from  the  organs 
of  sense,  and  to  transmit  such  sensorial  changes  to  the  Cerebrum.  But 
they  have  a  no  less  imj)oi"tant  i3articipation  in  the  downward  action  of 
the  Cerebram  upon  the  motor  apparatus;  for  no  voluntary  action  can 
be  jDcrformed  without  the  assistance  of  a  guiding  sensation,  as  was  first 
prominently  stated  by  Sir  C.  Bell.* — In  the  majority  of  cases,  the  guid- 
ing or  controlling  sensation  is  derived  from  the  muscles  themselves, 
of  whose  condition  we  are  rendered  cognizant  by  the  sensory  nerves 
with  which  they  ai'e  fm-nished;  but  there  are  certain  cases  in  which 
it  is  ordinarily  derived  from  one  of  the  special  senses,  and  in  which 
the  muscular  sense  can  only  imperfectly  supply  the  deficiency  of  such 
guidance;  whilst,  again,  if  the  muscular  sense  be  deficient,  one  of  the 
special  senses  may  supply  the  requisite  information.  The  proof  of  this 
necessity  is  furnished  by  the  entire  impossibility  of  making  or  sustaining 
voluntary  efforts,  without  a  guiding  sensation  of  some  Icind.  Thus,  in  com- 
plete auEcsthesia  of  the  lower  extremities,  without  loss  of  muscular  power, 
the  patient  is  as  completely  unable  to  walk,  as  if  the  motor  nerves  had 
also  been  paralysed,  unless  the  deficient  sensorial  guidance  be  replaced 
by  some  other;  and  in  similar  affections  of  the  upper  extremities,  there  is 
a  like  inability  to  raise  the  limb  or  to  sustain  a  weight.  But  in  such 
cases,  the  deficiency  of  the  "  muscular  sense"  may  be  made  good  by  the 
visual ;  thus,  the  patient  who  cannot  feel  either  the  contact  of  his  foot 
with  the  ground,  or  the  muscular  effort  he  is  making,  can  manage  to 
stand  and  walk  if  he  look  at  his  limbs ;  and  the  woman  who  cannot  feel 
the  pressure  of  her  child  upon  her  arms,  can  yet  sustain  it  as  long  as  she 
keeps  her  eyes  fixed  upon  it,  but  no  longer, — the  muscles  ceasing  to  con- 
tract, and  the  limb  di'opping  powerless,  the  moment  that  the  eyes  are 
withdrawn  from  it.  Thus  it  is,  too,  that  when  we  are  about  to  make  a 
muscular  effort,  the  amount  of  force  which  we  put  forth  is  governed  by 
the  mental  conception  of  that  which  will  be  required,  as  indicated  by  the 

*  Sec  his  chapter  'On  the  Nervous  Circle  which  connects  the  vohnitary  muscles  with  the 
Brain,'  in  his  work  "  On  the  Nervous  System  of  the  Human  Body." 
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experience  of  former  seusatioiis;  just  as  the  contractions  of  the  muscles 
of  vocalization  ai-e  regulated  by  the  conception  of  the  sound  to  be  pro- 
duced. Hence  if  the  weight  be  unknown  to  us,  and  it  prove  either  much 
heavier  or  much  lighter  than  was  expected,  we  find  that  we  have  put 
forth  too  little  or  too  great  a  muscular  effort. 

751.  There  are  two  groups  of  muscular  actions,  however,  which,  al- 
though as  voluntary  in  their  character  as  the  foregoing,  are  yet  habitu- 
ally guided  by  other  sensations  than  those  derived  from  the  muscles 
themselves.  These  are,  the  movements  of  the  eyeball,  and  those  of  the 
vocal  a20paratus. — The  former  ai'e  directed  by  the  visual  sense,*  by  which 
the  action  of  the  muscles  is  guided  and  controlled,  in  the  same  manner  as 
that  of  other  muscles  is  directed  by  their  own  '  muscular  sense and  hence 
it  happens  that,  when  we  close  our  eyes,  we  cannot  move  them  in  any 
required  dii'ection,  without  an  eflbrt  that  strongly  calls  forth  the  muscular 
sense,  by  which  the  action  is  then  guided.  In  persons  who  have  become 
blind  after  having  once  enjoyed  sight,  an  association  is  formed  by  habit 
between  the  musculai*  sense  and  the  contractile  action,  that  enables  the 
foi'mer  to  serve  as  the  guide  after  the  loss  of  the  visual  sense ;  but  in  those 
who  are  born  'perfectly  blind,  or  who  have  become  so  in  early  infancy,  this 
association  is  never  formed,  and  the  eyes  of  such  persons  exhibit  a  con- 
tinued indefinite  movement,  and  cannot  by  any  amount  of  effort  be 
steadily  fixed  in  one  spot,  or  be  txirned  in  any  definite  direction.  A  very 
small  amount  of  the  visual  sense,  however,  such  as  serves  merely  to 
indicate  the  direction  of  light,  is  sufficient  for  the  government  of  the 
movements  of  the  eye-ball. — In  the  production  of  vocal  sounds,  again, 
that  nice  adjustment  of  the  muscles  of  the  larynx,  which  is  requisite  to 
givefortli  determinate  tones,  is  ordinarily  directed  by  the  auditory  sense: 
being  learned  in  the  first  instance  under  the  guidance  of  the  sounds  actu- 
ally produced ;  but  being  subsequently  effected  voluntarily,  in  accordance 
with  the  mental  conception  (a  sort  of  inward  sensation)  of  the  tone  to  be 
uttered,  which  conception  cannot  be  formed,  unless  the  sense  of  heai'ing 
lias  previously  brought  similar  tones  to  the  mind.  Hence  it  is  that  per- 
sons who  are  born  deaf,  are  also  dumb.  They  may  have  no  malformation 
of  the  organs  of  speech;  but  they  are  incapable  of  uttering  distinct  vocal 
sounds  or  musical  tones,  because  they  have  not  the  guiding  conception, 
or  recalled  sensation,  of  the  nature  of  these.  By  long  training,  however, 
and  by  imitative  eftorts  directed  by  muscular  sensations  in  the  lai-yux 
itself,  some  persons  thus  circumstanced  have  acquired  the  power  of  speech; 
but  the  want  of  a  sufficiently  definite  control  over  the  vocal  muscles  is 
always  very  evident  in  their  use  of  the  organ.  It  is  very  i-arely  that  a 
person  who  has  once  enjoyed  the  sense  of  hearing,  afterwards  becomes  so 
completely  deaf,  as  to  lose  all  auditory  control  over  his  vocal  organs.  An 
example  of  this  kind,  however,  has  been  made  known  to  the  public  by  a 
well  known  author,  as  having  occurred  in  himself ;  and  the  record  of  his 
experiences  t  contains  many  points  of  much  interest.  The  deafiiess  Avas 
the  result  of  an  accident  occurring  in  childhood,  which  left  him  for  some 
time  in  a  state  of  extreme  debility ;  and  when  he  made  the  attempt  to 
speak,  it  was  with  considerable  pain  in  the  vocal  organs.    This  pain  pro- 

*  See  Dr.  Alison's  Memoir  on  tlie  '  Anatomical  and  Physiological  Inferences  from  the 
Study  of  the  Nerves  of  the  Orbit,'  in  "Trans,  of  Roy.  Soc.  of  Edinb.,"  vol.  xv. 
t  Sec  the  "  Lost  Sensns."  by  Dr.  Kitto  ;  vol.  i.,  chapters  2  and  3. 
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ibly  resulted  from  the  unaccustomed  effort  which  it  was  necessary  to 
take,  when  the  usual  guidance  was  wanting;  being  analogous  to  the  un- 
isiness  which  we  experience,  when  we  attempt  to  move  our  eyes  with  the 
Is  closed.    His  voice  at  that  time  is  described  as  being  very  similar  to 
■at  of  a  person  born  deaf  and  dumb,  but  who  has  been  taught  to  speak. 
\'ith  the  uneasiness  in  the  use  of  the  vocal  organs  was  associated  an 
xtreme  mental  indisposition  to  their  employment;  and  thus,  for  some 
eai-s,  the  voice  was  very  little  exercised.     Circumstances  afterwards 
irced  it,  however,  into  constant  employment;  and  great  improvement 
ibsequently  took  place  in  the  power  of  vocalization,  evidently  by  atten- 
ion  to  the  indications  of  the  muscular  sense.    It  is  a  curious  circumstance 
ally  confirming  this  view,  that  the  words  which  had  been  in  use  pre- 
.  iously  to  the  supervention  of  the  deafuess,  are  still  pronounced  (such  of 
hem,  at  least,  as  are  kept  in  employment)  as  they  had  been  in  childhood; 
he  muscular  movements  concerned  in  their  articulation  being  still  guided 
oy  the  original  auditory  conception,  in  spite  of  the  knowledge  derived 
ifrom  the  information  of  others,  that  such  pronunciation  is  en'oneous. 
i"On  the  other  hand,  all  the  woi'ds  subsequently  learned  are  pi'ouounced 
.according  to  their  spelling;  the  acquired  associations  between  the  muscular 
^isensations  and  the  written  signs  being  in  this  case  the  obvious  guide. 

752.  It  is  through  the  muscular  sense,  in  combination  with  the  visual 
iiand  tactile,  that  those  movements  are  regulated,  which  are  concerned 
iialike  in  ordinary  progression,  and  in  the  maintenance  of  the  equilibrium 
I  of  the  body.    That  the  visual  sense  has,  in  most  persons,  a  large  share  in 
tthis  regulation,  is  evident  from  the  simple  fact,  that  no  one  who  has  not 
1  been  accustomed  to  the  deprivation  of  it  can  continue  to  walk  straight- 
f  forwards,  when  blind-folded,  or  in  absolute  darkness,  towards  any  point  in 
t  the  du-ection  of  which  he  may  have  been  at  first  guided.    But  the  blind 
iman,  who  has  been  accustomed  to  rely  exclusfvely  upon  his  muscular 
!•  sense,  has  no  difficulty  in  keeping  to  a  straight  path  ;  and  moves  on- 
\  wards  with  a  confidence  which  is  in  remarkable  contrast  with  the  gait  of 
;  a  man  who  has  been  deprived  of  sight  for  the  occasion  only.    In  fact,  as 
Mr.  Mayo  has  well  remarked,*  in  our  ordinary  movements,  "we  lean 
!  upon  our  eyesight  as  upon  crutches."    And  when  our  vision,  instead  of 
:  aiding  and  guiding  us,  brings  to  the  mind  sensations  of  an  antagonistic 
I  character,  our  movements  become  uncertain,  from  the  loss  of  that  power 
of  guidance  and  control  over  them,  which  the  harmony  of  the  two  sensa- 
t  tions  usually  gives.    Thus  a  person  unaccustomed  to  look  down  heights 
'  feeU  insecure  at  the  top  of  a  tower  or  a  precipice,  although  he  hiows 
I  that  his  body  is  properly  supported ;  for  the  void  which  he  sees  below 
I  him  contradicts  (so  to  speak)  the  tactile  sensations  by  which  he  is  made 
(  conscioiis  of  the  due  equilibrium  of  his  body.    So,  again,  any  one  can 
'  walk  along  a  narrow  plank  which  forms  part  of  the  floor  of  a  room,  or 
which  is  elevated  but  a  little  above  it,  without  the  least  difficulty,  and  even 
without  any  consciousness  of  effort.    But  let  that  plank  extend  across  a 
•  chasm,  the  bottom  of  which  is  so  far  removed  from  the  eye  that  the  visual 
-  sense  gives  no  assistance ;  and  even  those  who  have  braced  their  nei'ves 
against  all  emotional  distraction,  feel  that  an  effort  is  requisite  to  main- 
;  tain  the  equilibrium  during  their  passage  over  it;  that  effort  being  aided 


*  "  Outlines  of  Physiology,"  p.  355. 
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by  the  withdrawal  of  the  eyes  from  the  abyss  below,  and  the  fixation  of 
them  on  a  point  beyond,  which  at  tlie  same  time  helps  to  give  steadi- 
ness to  the  movements,  and  distracts  the  mind  from  the  sense  of  its 
danger.  The  degree  in  which  the  muscular  sense  is  alone  sufficient  for  the 
guidance  of  such  movements,  when  the  mind  has  no  consciousness  of  the 
danger,  and  when  the  visual  sense  neither  affords  aid  nor  contributes  to 
distract  the  attention,  is  remarkably  ilhxsti'ated  by  the  phenomena  of 
Somnambulism ;  for  the  sleep-walker  traverses,  without  the  least  hesitar 
tion,  the  narrow  pampet  of  a  house,  and  crosses  narrow  and  insecure 
planks,  clambers  roofs,  &c.,  under  circumstances  that  clearly  indicate  the 
nature  of  the  guidance  by  which  he  is  directed  (see  Sect.  7). — The 
dependence  of  our  ordinary  power  of  maintaining  our  equilibrium,  upon 
the  combination  of  the  guiding  sensations  derived  through  the  sight  and 
the  touch,  is  fm-ther  well  illustrated,  as  Mr.  Mayo  has  pointed  out  (loc. 
cit.),  by  what  happens  to  a  landsman  on  fii'st  going  to  sea.  "  It  is  long 
before  the  passenger  acquires  his  '  sea  legs.'  At  first,  as  the  ship  moves, 
he  can  hardly  keep  his  feet ;  the  shifting  lines  of  the  vessel  and  surface  of 
the  water  ixnsettle  his  visual  stability ;  the  different  inchnations  of  the 
planks  he  stands  on,  his  muscular  sense.  In  a  short  time,  he  leams  to 
disregard  the  shifting  images  and  changing  motions,  or  acquires  facility  in 
adapting  himself  (like  one  on  horseback)  to  the  different  alterations  in 
the  line  of  direction  in  his  frame."  And  when  a  jjerson  who  has  thus 
learned  by  habit  to  maintain  his  equilibrium  on  a  shifting  siuface,  fii'st 
treads  upon  firm  groimd,  he  feels  himself  almost  as  much  at  fault  as  he 
did  when  he  first  went  to  sea ;  and  it  is  only  after  being  some  time  on 
shore,  that  he  is  able  to  resume  his  original  manner  of  walking.  Indeed, 
most  of  those  who  spend  the  gi'eater  part  of  their  time  at  sea,  acquire  a 
peculiaj.'  gait,  which  becomes  so  habitual  to  them,  that  they  are  never  able 
to  tlu'ow  it  off". 

753.  But  foi'ther,  there  is  very  strong  physiological  evidence,  that  the 
Sensory  Ganglia  are  not  merely  the  instruments  whereby  our  voluntaiy 
movements  ai'e  du-ected  and  controlled,  in  virtue  of  the  guiding  sensa- 
tions which  they  furnish,  but  that  they  are  actually  the  immediate 
centres  of  the  motor  influence  which  excites  muscular  contractions,  in 
obedience  to  impulses  transmitted  downwai'ds  from  the  Cerebrum.  It 
has  usually  been  considered  that  the  Cerebrum  acts  directly  upon  the 
muscles  through  the  motor  nerves,  in  virtue  of  a  direct  continuity  of 
fibres  from  the  grey  matter  of  its  convolutions,  through  the  Corpora 
Striata,  the  motor  tract  of  the  Medulla  Oblongata,  the  anteiior  portion 
of  the  Spinal  Cord,  and  the  anterior  roots  of  the  nerves  ;  and  that  in  the 
performance  of  any  voluntary  movement,  the  Will  determines  the  motor 
force  to  the  muscle  or  set  of  muscles  by  whose  instrumentality  it  may  be 
produced.  To  this  doctrine,  however,  the  anatomical  facts  already  stated 
(§  730)  constitute  a  very  serious  objection  ;  for  the  motor  tract  cannot  he 
stated  with  certainty  to  have  any  higher  origin  than  the  Corpora  Striata; 
and  it  is  impossible  to  imagine  that  the  fibres  which  converge  towai-cls 
the  sm-flice  of  these  bodies  from  all  parts  of  the  Cerebrum,  can  be 
so  closely  compacted  together  as  to  be  included  in  the  motor  columns 
of  the  Spinal  Axis.  The  fact  would  rather  seem  to  be,  tliat  th(^e  con- 
verging fibres  bear  the  same  kind  of  anatomical  relation  to  the  Cofpoirt 
Striata  and  the  other  Sensorial  centres  of  motor  power,  as  do  the  fibres  o 


FUNCTIONS  OP  THE  SENSORY  GANGLIA. 


747 


I)  afferent  nei-ves  which  proceed  to  them  from  the  Retina,  the  Schnei- 
•iau  membrane,  and  other  peripheral  expansions  of  nervous  matter; 
1  lience  we  might  infer  that  the  nerve-force  generated  in  the  convolii- 
us,  instead  of  acting  immediately  on  the  motor  nerves,  is  first  directed 

I'-ards  the  Automatic  centres,  and  excites  the  same  kind  of  motor  re- 
■onse  in  them,  as  woidd  be  given  to  an  impression  transmitted  to  them 
.  rough  a  sensory  nerve.    We  shall  find  that  such  a  view  of  the  struc- 
al  arrangements  of  these  parts  is  in  remarkable  accordance  with  their 
•otioual  relations,  as  indicated  by  a  careful  analysis  of  the  mechanism  of 
Kit  is  commonly  regarded  as  voluntary  movement.    The  Cerebrum,  as 
!l  be  shown  hereafter  (Sect.  5),  may  thus  call  the  Automatic  apparatus 
I  :o  action,  as  the  instrument  either  of  ideas,  of  emotions,  or  of  volitional 
teiminations ;  but  as  both  the  ideo-motor  and  the  emotional  movements 
we  much  in  common  with  the  automatic,  there  is  no  occasion  for  at 
i€sent  specially  inquiring  into  their  mechanism,  and  we  may  limit  our 
lamination  to  voluntary  movements  alone,  which  have  been  usually 
.  yarded  as  in  such  complete  antagonism  to  those  of  the  automatic  grouj), 
at  even  distinct  sets  of  nerve-fibres  have  been  thought  requisite  to 
count  for  the  transmission  of  these  two  sets  of  motor  impidses  to 
ce  muscles. 

1754.  Now  in  the  first  place  it  may  be  asserted  with  some  confidence, 
aat  no  effort  of  the  Will  ca7i  exert  that  direct  influence  on  the  muscles, 
uich  our  ordinary  phi^aseology,  and  even  the  language  of  scientific 
lasoners,  would  seem  to  imply ;  but,  on  the  other  hand,  that  the  Will  is 
lilely  concerned  in  determining  the  o^esidt,  the  selection  and  combination 
muscular  movements  requii-ed  to  bring  about  this  result  not  being 
e'ected  by  the  Will,  but  by  some  intermediate  agency.    If  it  were  other- 
<^ie,  we  should  be  dependent  upon  anatomical  knowledge  for  our  power 
]  performing  the  simplest  movement  of  the  body ;  whereas  we  find  the 
:!jt  to  be,  that  the  man  who  has  not  the  least  idea  of  the  mechanism  of 
loscular  action  can  acquire  the  most  perfect  command  over  his  move- 
3nts,  and  can  adapt  them  as  perfectly  to  the  desired  end  as  the  most 
complished  anatomist  could  do.    Further,  we  cannot,  by  any  exertion 
the  will,  single-out  a  particular  muscle  and  throw  it  into  contraction 
•  itself,  unless  that  muscle  be  one  which  is  alone  concerned  in  an 
;  tion  that  we  can  voluntarily  perform ;  and  even  then  we  single  it  out 
■williiig  the  action.    Thus  we  can  put  the  levator  pali^ehrcB  in  action  by 
'.  jelf ;  but  this  we  do,  not  by  any  conscious  determination  of  power  to 
e  muscle  itself,  but  by  willing  to  raise  the  eyelids  ;  and  it  is  only  by 
iir  anatomical  knowledge,  that  we  know  that  but  a  single  muscle  is  con- 
"rned  in  this  movement.    So  far  as  our  own  consciousness  can  inform  us, 
ere  is  no  difference  between  the  mechanism  of  this  action  and  that  of 
e  flexion  of  the  knee  or  elbow  joint ;  and  yet  in  these  latter  movements, 
vcral  muscles  are  concerned,  not  one  of  which  can  be  singled-out  by  an 
fort  of  the  will,  and  thrown  into  action  separately  from  the  rest. — The 
ea  that  the  will  is  directly  exerted  upon  the  muscles  called  into  action 
produce  a  particuhu*  movement,  may  seem  to  derive  some  support 
jm  the  sense  of  effort  of  which  we  ai'c  conscious  in  making  the  exertion, 
ifl  which  we  refer  to  the  muscles  which  arc  concerned  in  it;  but  this 
use  of  effort  is  nothing  else  than  the  'muscular  sense'  already  alluded 
,  which  has  its  origin  in  the  state  of  tension  of  the  muscles,  and  which 
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is  no  more  an  indication  of  mental  effort  directed  to  them,  than  the 
sensation  of  light  or  sound  is  an  indication  of  a  determination  of  voluntary 
power  to  the  eyes  or  ears. 

755.  There  are  two  cases  in  which  it  is  very  easy  to  show  that  the 
Will  is  concerned  with  the  result  alone,  and  is  not  directly  exerted  upon 
the  instruments  by  which  tliat  result  is  brought  about.  These  are,  the 
movements  of  the  Eyes,  and  the  production  of  Vocal  tones.  In  neither  of 
these  are  we  conscious  of  any  effort  in  the  muscular  apparatus,  unless  the 
contraction  be  earned  beyond  its  accustomed  extent ;  the  ordinary  move- 
ments being  governed,  as  already  remarked,  not  by  the  muscular  sense, 
but  by  the  visual  and  auditory  senses  respectively. — Nothing  can  be 
more  simple,  to  all  appearance,  than  the  act  of  turning  the  eyes  upwards 
or  downwards,  to  one  side  or  the  other,  in  obedience '  to  a  determination 
of  the  Will  j  and  yet  the  Will  does  not  impress  such  a  determination 
upon  the  muscles.  That  which  the  Will  really  does,  is  to  cause  the  eye- 
ball to  roll  in  a  given  direction,  in  accordance  with  a  visual  sensation; 
and  it  is  only  when  there  is  an  object  towards  which  the  eyes  can  be  tm-ned, 
that  we  can  move  them  with  our  usual  facility.  When  the  eyelids  are 
closed,  and  we  attempt  to  roll  the  globes  upwards  or  downwards,  to  one 
side  or  the  other,  we  feel  that  we  can  do  so  but  very  imperfectly,  and 
with  a  sense  of  effort  referred  to  the  muscles  themselves, — this  sense 
being  the  result  of  the  state  of  tension  in  which  the  muscles  ai'e  placed, 
by  the  effort  to  move  the  eyes  without  the  gaiiding  visual  sensation. 
Now,  on  the  other  hand,  the  Will  may  determine  to  fix  the  eyes  upon  an 
object;  and  yet  this  very  fixation  may  be  only  attainable  by  a  muscular 
movement, —  which  movement  is  directly  excited  by  the  visual  sense, 
without  any  exertion  of  voluntary  power  over  the  muscles.  Such  is  the 
case  when  we  look  steadily  at  an  object,  whilst  we  move  the  head  hori- 
zontally from  side  to  side ;  for  the  eyeballs  will  then  be  moved  in  the 
contrary  direction  by  a  kind  of  instinctive  effort  of  the  external  and 
internal  recti,  which  tends  to  keep  the  retinae  in  their  first  position,  and 
to  prevent  the  motion  of  the  images  over  them.  So,  when  we  look 
steadily  at  an  object,  and  incline  the  head  towards  either  shoulder,  the 
eyeballs  are  rotated  upon  their  antero-posterior  axis  (probably  by  the 
agency  of  the  oblique  muscles)  apparently  with  the  very  same  puii)ose,— 
that  of  preventing  the  images  from  moving  over  the  retinte.  Now  we 
cannot  refuse  to  this  rotation  any  of  the  attributes  which  really  chai'ac- 
terize  the  so-called  voluntary  movements ;  and  yet  we  are  not  even  m- 
formed  by  our  own  consciousness  that  such  a  movement  is  taking  place, 
and  know  it  only  by  observation  of  others. 

756.  The  muscular  contractions  which  are  concerned  in  the  production 
of  vocal  tones,  are,  in  like  manner,  always  accounted  voluntaiy ;  and  yet 
it  is  easy  to  show  that  the  Will  has  no  direct  power  over  the  muscles  ot 
the  larynx.  For  we  cannot  raise  or  depress  the  larynx  as  a  whole,  nor 
move  the  thyroid  cartilage  upon  the  cricoid,  nor  separate  or  approximate 
the  arytenoid  cartilages,  nor  extend  or  relax  the  vocal  ligaments,  by  simply 
ivilling  to  do  so,  however  strongly.  Yet  we  can  readily  do  any  '^i"  ^ 
these  things,  by  an  act  of  the  Will  exerted  for  a  specific  purpose,  v,  e  con- 
ceive of  a  tone  to  he  produced,  and  we  will  to  produce  it;  a  certam  com- 
bination of  the  muscular  actions  of  the  larynx  then  takes  place,  m  most 
exact  accordance  one  with  another;  and  the  predetermined  tone  is  tlic 
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lilt.    This  anticipated  or  conceived  sensation  is  the  guide  to  the  mus- 
u-  movements,  when  as  yet  the  utterance  of  the  voice  has  not  taken 
I  ce ;  but  whilst  we  are  in  the  act  of  speaking  or  singing,  the  contractile 
■  ■  »us.  are  regulated  by  the  present  sensations  derived  from  the  sounds 
.1  icy  are  produced.    It  can  scarcely  but  be  admitted,  then,  that  the 
11  does  not  du-ectly  govern  the  movements  of  the  Larynx ;  but  that 
jl^'se  movements  are  immediately  dependent  upon  some  other  agency, 
f  757.  Now  what  is  true  of  the  two  preceding  classes  of  actions,  is 
Tally  true  of  all  the  rest  of  the  so-called  voluntary  movements ;  for  in 
of  them  the  power  of  the  Will  is  really  limited  to  the  determination  of 
'  5  result ;  and  the  production  of  that  result  is  entirely  dependent  upon 
'  3  concurrence  of  a  '  g-uiding  sensation,'  which  is  usually  furnished  by  the 
•    muscles  that  are  called  into  action.    It  is  obvious,  therefore,  that  w^e 
we  to  seek  for  some  intermediate  agency,  which  executes  the  actions 
■'ermined  by  the  Will;  and  when  the  facts  and  probabilities  already 
•ied  are  duly  considered,  they  tend  strongly  in  favour  of  the  idea,  that 
3n  Voluntary  movements  are  executed  by  the  instrumentality  of  the 
itomatic  apparatus,  and  that  they  differ  only  from  the  automatic  or 
Titinctive  in  the  nature  of  the  stimulus  by  which  they  are  excited, — the 
[termination  of  the  Will  here  replacing,  as  the  exciting  cause  of  its  action, 
3  sensory  impression  which  operates  as  such  in  the  case  of  an  instinctive 
ovement,  and  which  is  still  requisite  for  its  guidance. 
?758.  This  view  of  the  case  derives  a  remarkable  confirmation  from  the 
aalysis  of  two  classes  of  phenomena;  the  first  consisting  of  cases  in 
I  lich  movements  that  are  ordinarily  automatic  are  performed  by  volun- 
7.y  determination,  or  simply  in  respondence  to  an  idea;  the  second 

I  asisting  of  those  in  w^hich  movements  originally  voluntary  come  by 
'  bit  to  be  automatically  performed. — Of  the  firgt  class,  the  act  of  Cough- 

II  is  a  good  example.  This  action,  which  is  ordinarily  automatic,  may 
150  be  excited  by  a  voluntary  determination ;  such  a  determination, 
\-wever,  is  directed  to  the  result,  rather  than  exercised  in  singling-out 
-'3  different  movements  and  then  combining  them  in  the  necessary 
I  quence ;  and  it  thus  seems  obviously  to  take  the  place  of  the  laryngeal 

tracheal  irritation,  as  the  primum  mobile  of  the  series,  which,  in  its 
'  tual  performance,  is  as  automatic  in  the  latter  case  as  in  the  formei'. 

again,  we  know  that  many  of  the  automatic  movements  which  have 
en  ah-eady  referred-to  as  examples  of  the  sensori-motor  group  (§  748), 
id  which  the  Will  cannot  call  forth,  may  be  performed  in  respondence 
ideas  or  conce2)tions,  which  are  Cerebral  states  that  seem  to  recal  the 
ime  condition  of  the  Sensorium  as  that  which  was  originally  excited  by 
e  Sensory  impression.    Thus  it  is  well  known  that  the  act  of  Vomiting 
lay  be  induced  by  the  ^remembrance  of  some  loathsome  object  or  nause- 
as taste,  which  may  have  been  excited  by  some  act  of  '  suggestion ;'  and 
e  author  has  known  an  instance  in  which  a  violent  fit  of  sea-sickness 
brought  on  by  the  sight  of  a  vessel  tossed  about  at  sea,  which  recalled 
.6  former  experience  of  that"  state.    So,  the  Hydrophobic  paroxysm  may 
^  excited  by  the  mention  of  the  name  of  water,  which  of  course  calls  up 
le  idea;  and  a  tendency  to  yawn  is  in  like  manner  frequently  induced 
{ looking  at  a  picture  of  yawners,  or  by  speaking  of  the  act,  or  by 
)luntarily  commencing  the  act,  which  may  then  be  automatically  com- 
eted.  —  The  automatic  performance  of  actions  which  were  originally 
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voluntary,  has  already  been  fully  discussed  (§  749) ;  and  we  have  there- 
fore only  to  remark  here,  that  the  fact  very  strongly  supports  the  view 
now  advanced,  as  to  the  singleness  of  the  mechanism  which  serves  as  the 
instrument  of  both  classes  of  actions,  and  the  essential  uniformity  of  its 
opei\ation  in  the  two  cases. — It  would  be  difficult  to  explain  either  set  of 
phenomena  satisfactorily,  on  the  hypothesis  that  there  is  a  "  distinct  sys- 
tem "  of  fibres  for  the  volitional  and  for  the  automatic  movements ;  since 
it  is  not  readily  to  be  conceived  how  a  set  of  movements  originally  per- 
formed by  the  one,  can  ever  be  transfeiTcd  to  the  other ;  whilst,  on  the 
other  hand,  it  is  easy  to  understand  how  the  same  motorial  action  may  he 
excited  in  the  automatic  centres,  either  by  an  external  impression  con- 
veyed thither  by  an  afferent  nerve  fi'om  a  Sensory  siu-face  (as  that  of  the 
irritation  in  the  air-passages,  which  excites  the  act  of  coiaghing),  or  by  a 
stimulus  proceeding  from  the  convoluted  surface  of  the  Cerebrum,  and 
conveyed  along  those  connecting  fibres  which  Reil  with  great  sagacity 
termed  the  "  nerves  of  the  internal  senses." 

759.  To  sum  up,  then,  we  seem  justified  in  concluding  that  the  Cranio- 
Sjyinal  Axis  of  Man  and  other  Vertebrata, — consisting  of  the  Sensoiy 
Ganglia,  Medulla  Oblongata,  and  Spinal  Cord, — is  (like  the  chain  of 
cephalic  and  ventral  ganglia  of  Articulata  with  which  it  is  homologous) 
the  immediate  instrument  of  all  sensorial  and  motor  changes  ;  that  by  its 
sole  and  independent  action  are  jiroduced  all  those  movements  whicli  are 
ranked  as  automatic  or  instinctive,  these  being  performed  in  respondence 
to  external  impressions  which  may  or  may  not  affect  the  consciousness; 
but  that  when  acting  in  subordination  to  the  Cerebmm,  the  Cranio-Spinal 
Axis  transmits  upwards  to  it  the  influence  of  Sensorial  changes,  and  receives 
from  it  the  downward  impulses,  which  it  directs  automatically  into  the 
appropriate  channel  for  the  execution  of  the  movements  which  the  Mind 
has  directed.  The  number  of  purely  automatic  actions  diminishes  in  pro- 
portion to  the  development  of  the  Cerebrum,  and  to  the  subjection  of  the 
Automatic  apparatus  to  its  control ;  but  even  in  Man,  those  most  closely 
connected  with  the  maintenance  of  the  organic  functions,  or  most  ueces- 
saiy  for  the  conservation  of  the  bodily  structure,  remain  quite  inde- 
pendent of  any  mental  agency,  and  most  of  them  do  not  require  con- 
sciousness for  their  excitation.  But  when  the  activity  of  the  Cerebnim  is 
suspended  or  is  otherwise  directed,  without  any  affection  of  the  autoniatic 
apparatus,  movements  which  have  long  been  habitually  performed  in  a 
particular  sequence,  may  be  kept  up,  when  the  will  has  once  set  them  in 
action,  through  the  automatic  mechanism  alone ;  the  impressional  or 
sensational  change  produced  by  each  action,  supplying  the  stimulus  which 
calls  forth  the  next. — It  may  farther  be  concluded,  that  the  Sensoiy 
Ganglia,  which  are  the  instruments  whereby  we  are  rendered  conscioiis  ot 
external  impressions,  are  also  the  seat  of  those  simple  feelings  of  pleasure 
and  pain,  which  ai'e  immediately  linked-on  to  that  consciousness.  For  it 
can  scarcely  be  doubted  that  such  feelings  must  be  associated  with  parti- 
cular sensations,  in  animals  that  have  no  ganglionic  centres  above  those, 
since  we  must  otherwise  regard  the  whole  series  of  Invertebrated  tribes  as 
neither  susceptible  of  enjoyment,  nor  capable  of  feeling  pain  or  discom- 
fort. And  it  is  scarcely  probable  that  a  state  of  consciousness  which  we 
can  scarcely  ovu-selves  distinguish  from  the  sensation  that  induces  i 
should  have  a  separate  centre  in  our  Encephalon. 
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4.  Of  the  Cerebellum,  and  its  Functions. 

7 GO.  The  Cerebellum  is  an  organ  which,  though  confined  to  the  Ver- 
-brated  sub-Kingdom,  is  yet  in  peculiarly  intimate  relation  with  the 
Vutomatic  apparatus.    In  that  highest  state  of  development  which  it 
iresents  in  Man,  we  find  it  to  consist  of  two  lateral  lobes  or  hemispheres, 
imposed  of  nerve-fibres  invested  in  a  very  peculiar  manner  by  vesicular 
ibstance,  and  of  a  central  lobe,  also  containing  a  combination  of  the 
,  osicular  and  fibrous  substances,  which  is  known  under  the  designation  of 
he  '  vermiform  process.'    The  hemispheres  are  not  only  connected  with 
ach  other  by  this  central  lobe,  but  also  by  th.e  fibrous  commissure  which 
I  (iisses  beneath  the  Medulla  Oblongata,  and  is  known  as  the  '  Pons  Varolii.' 
The  commissm-al  fibres  form  part  of  the  'Crura  Cerebelli;'  but  another 
jrtion  is  formed  by  the  strands  which  connect  the  Cerebellum  with  the 
Ulterior  and  posterior  columns  of  the  Spinal  Cord  and  Medulla  Oblongata 
§  711);  and  in  addition  to  these,  we  find  a  fasciculus  of  fibres  passing 
otween  the  Cerebellum  and  the  Corpora  Quadrigemina,  the  '  iter  a  cere- 
lello  ad  testes.'    The  peduncle  of  its  hemispheres  on  either  side  contains 
I  mass  of  grey  matter,  which  seems  to  be  a  ganglionic  centre  for  the 
bres  that  pass  upwai-ds  to  it  from  the  Spinal  Axis.    Thus  the  Cere- 
ellum  has  no  direct  connection  with  the  Cerebrum,  and  its  relations  are 
atirely  with  the  Automatic  apparatus. 

761.  When  we  examine  into  the  relative  development  of  the  Cerebel- 
iim  in  the  different  classes  of  Vertebrata,  we  find  that  it  presents  some 
vovj  remarkable  differences.*    In  its  simpler  forms,  this  organ  is  found 
'■ )  consist  entirely  of  the  representative  of  the  central  lobe  of  the  Human 
erebellum,  the  hemispheres  not  making  their  appearance  until  we  have 
scended  to  the  class  of  Birds.    The  proportional  development  of  the 
L'erebeUum  is  smallest  in  the  Vermiform  Fishes,  which  approach  most 
nearly  to  the  Invertebrata ;  but  it  is  much  greater  in  the  higher  Cartila- 
ginous Fishes,  than  it  is  in  Reptiles,  in  which  it  is  generally  very  low. 
Passing  on  to  Birds,  we  remark  that  the  average  dimensions  of  the  Cere- 
1  )ellum  gi'eatly  surpass  those  of  the  organ  in  Reptiles ;  but  that  they  do 
not  exceed  those  occasionally  met  with  in  Fishes,   The  greatest  size  is  not 
found  in  those  species,  which  approach  most  nearly  to  the  Mammalia  in 
'general  conformation,  such  as  the  Ostrich;  but  in  those  of  most  active 
ud  varied  powers  of  flight.    Lastly,  on  ascending  the  scale  of  Mammi- 
"rous  animals,  we  cannot  but  be  struck  with  the  rapid  advance  in  the 
proportional  size  of  the  Cerebellum,  which  we  observe  as  we  rise  from  the 
lowest  (which  are  surpassed  in  this  respect  by  many  Birds)  towards  Man, 
ill  whom  it  attains  a  development  which  appears  enormous,  even  when  con- 
trasted with  that  of  the  Quadramana. — Now  on  looking  at  the  size  of  the 
Cerebellum  in  relation  to  the  general  motor  activity  of  these  classes  respec- 
Uvely,  and  especially  taking  into  account  the  variety  of  their  respective 
Hiovcmeuts,  and  the  number  of  separate  muscular  actions  which  are  com- 
1  lined  in  each,  we  can  scarcely  help  noticing  that  it  is  in  the  tribes  which  are 
laost  distinguished  in  these  respects,  that  the  largest  Cerebellum  is  usually 

•  The  fullest  information  npon  tliis  point  will  be  found  in  M.  Scrrcs's  "  Anatomic 
Compar^e  dii  Cervcau,"  and  M.  Leurct's  "  Anat.  Comp.  du  Systenie  Nerveux." 
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found.  Thus,  of  all  classes  of  Vcrtcbrata,  Reptiles  are  the  most  inert;  and 
their  motions  require  the  least  co-ordination.  The  active  prcdaccous  Sharks 
far  surpass  them  in  this  respect,  and  may  be  compared  with  Birds,  in  the 
energy  of  their  passage  through  the  water,  and  in  their  facility  of'  chang- 
ing their  direction  diu-ing  the  most  rapid  progression ;  their  Cerebellum, 
accordingly,  bears  to  their  Spinal  Cord  very  much  the  same  proportion  as 
it  does  in  Birds.    On  the  other  hand,  the  Flat  Fish,  which  lie  near  the 
bottom  of  the  ocean,  and  which  have  a  much  less  variety  of  movement 
have  a  very  much  smaller  Cerebellum ;  and  the  Vermiform  Fishes,  which 
are  almost  all  completely  destitute  of  fins,  and  whose  motions  resemble 
those  of  the  lower  Articulata,  have  a  Cerebellum  so  small  as  to  be  scarcely 
discoverable.    On  looking  at  the  class  of  Birds,  we  observe  that  the  active 
predaceous  Falcons,  and  the  swift-winged  Swallows  (the  perfect  control 
possessed  by  which  over  their  complicated  movements  must  have  been 
observed  by  every  one),  have  a  Cerebellum  much  larger  in  proportion 
than  that  of  the  Gallinaceous  birds,  whose  powers  of  flight  are  small,  or 
than  that  of  the  Struthious  tribe,  in  which  they  are  altogether  absent. 
Lastly,  on  comparing  its  proportional  size  in  the  different  orders  of  Mam- 
malia, with  the  number  and  variety  of  muscular  actions  requiring  combined 
movements,  of  which  they  are  respectively  capable,  we  observe  an  even 
more  remarkable  correspondence.    In  the  hoofed  Quadrupeds,  in  which 
the  muscular  apparatus  of  the  extremities  is  reduced  to  its  greatest  sim- 
plicity, and  in  which  the  movements  of  progression  are  simple,  the  Cere- 
belhuii  is  relatively  smaller  than  it  is  found  to  be  in  some  Birds;  but  in 
proportion  as  the  extremities  acquire  the  power  of  prehension,  and  together 
with  this  a  power  of  application  to  a  great  variety  of  purposes, — still  more, 
in  proportion  as  the  animal  becomes  capable  of  maintaining  the  erect  pos- 
ture, in  which  a  constant  muscular  exertion,  consisting  of  a  number  of 
most  elaborately-combined  actions,  is  required, — do  we  find  the  size  of  the 
Cerebellum,  and  the  complexity  of  its  structure,  undergoing  a  rapid 
increase.    Thus,  even  between  the  Dog  and  the  Bear  there  is  a  marked 
difference;  the  latter  being  cai')able  of  remaining  for  some  time  in  the 
erect  postm-e,  and  often  spontaneously  assuming  it ;  whilst  to  the  former  it 
is  anything  but  natm'al.    In  the  semi-erect  Apes,  again,  there  is  a  veiy 
great  advance  in  the  proportional  size  of  the  Cerebellum;  and  those 
which  most  approach  Man  in  the  tendency  to  preserve  habitually  the 
erect  posture,  also  come  nearest  to  him  in  the  dimensions  of  this 
organ. 

762.  Now  it  is  evident  that  Man,  although  far  inferior  to  many  of  the 
lower  animals  in  the  power  of  performing  various  jiarticular  kinds  of 
movement,  far  surpasses  them  all  in  the  number  and  variety  of  the  com- 
binations which  he  is  capable  of  executing,  and  in  the  complexity  of  the 
combinations  themselves.  Thus,  if  we  attentively  consider  the  act  of 
xvalking  in  man,  we  shall  find  that  there  is  scarcely  a  muscle  of  the  triuik 
or  exti'emities  which  is  not  actively  concerned  in  it ;  some  being  engaged 
in  i^erforming  the  necessary  movements,  and  others  in  maintaining  the 
equilibrium  of  the  body,  which  is  disturbed  by  them.  On  the  other  hand, 
in  the  Horse  or  Camel,  the  muscular  movements  ai'C  individually  numeiwis, 
but  they  do  not  require  nearly  the  same  perfect  co-ordination.  And  in  the 
Bird,  the  number  of  muscles  employed  in  the  movements  of  flight,  and  m 
directing  the  course  of  these,  is  really  comparatively  small;  as  may  at 
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once  be  perceived,  by  comparing  the  rigidity  of  the  skeleton  of  the  truuk 
of  the  Bird  with  that  of  Man,  and  by  remembering  the  complete  inactivity 
of  the  lower  extremities  during  the  active  condition  of  the  upper.  In  fact, 
the  motions  of  the  wings  are  so  simple  and  regular,  as  to  suggest  the  idea, 
that,  as  in  Insects,  their  character  is  more  automatic  than  directly  volun- 
tary : — an  idea  which  is  supported  by  the  lengih  of  time  during  which 
they  can  be  kept  up  without  apparent  fatigue,  and  also  by  the  important 
facts  already  mentioned,  which  experimental  research  has  disclosed 
(§  734). 

763.  We  have  next  to  inquire  what  evidence  can  be  drawn  from  Experi- 
mental investigations  on  the  same  subject:  and  in  reference  to  this  it  is  de- 
sirable to  remark,  in  the  first  place,  that  the  experimental  mode  of  inquiry 
is  perhaps  more  applicable  to  this  organ  than  to  other  parts  of  the  Ence- 
phalon ;  inasmuch  as  it  can  be  altogether  removed,  with  little  disturbance 
of  the  actions  immediately  essential  to  life ;  and  the  animals  soon  recover 
from  the  shock  of  the  operation,  and  seem  but  little  affected,  except 
in  some  easily-recognized  particidars.    The  principal  experimenters  upon 
this  subject  have  been  Rolando,  Flourens,  Magendie,  Hertwig,  and  Longet. 
It  is  not  to  be  expected,  that  there  should  be  an  exact  conformity  among 
the  results  obtained  by  all.    Every  one  who  has  been  engaged  in  physio- 
logical experiments,  is  aware  of  the  amount  of  difference  caused  by  very 
minute  variations  in  their  circumstances;  in  no  department  of  inquiiy  is 
this,  more  the  case,  than  in  regard  to  the  Nervous  System;  and  such 
differences  are  yet  more  likely  to  occur,  in  experiments  made  upon  its 
centres,  than  in  those  which  concern  its  trunks.  —  The  investigations 
of  Flourens  are  the  most  clear  and  decisive  in  their  results;  and  of 
these  we  shall  accordingly  take  a  general  survey.    He  found  that,  when 
the  Cerebellum  was  mechanically  injured,  the  animals  gave  no  signs  of 
sensibility,  nor  were  they  affected  with  convulsions.    When  the  Cere- 
bellum was  being  removed  by  successive  slices,  the  animals  became 
restless,  and  their  movements  were  irregular;  and  by  the  time  that  the 
last  portion  of  the  organ  was  cut  away,  the  animals  had  entirely  lost  the 
power  of  springing,  flying,  walking,  standing,  and  preserving  their  equili- 
brium, —  in  short,  of  performing  any  combined  muscular  movements, 
which  are  not  of  a  simply-reflex  character.    When  an  animal  in  this  state 
was  laid  upon  the  back,  it  could  not  recover  its  former  posture;  but 
it  fluttered  its  wings  and  did  not  lie  in  a  state  of  stupor.    Wlien  placed  in 
the  erect  position,  it  staggered  and  fell  like  a  drunken  man, — not,  how- 
ever, without  making  efforts  to  maintain  its  balance.    When  threatened 
with  a  blow,  it  evidently  saw  it,  and  endeavoured  to  avoid  it.    It  did  not 
seem  that  the  animal  had  in  any  degree  lost  voluntary  power  over  its 
several  muscles ;  nor  did  sensation  appear  to  be  impaired.    The  faculty  of 
combining  the  actions  of  the  muscles  in  groups,  however,  was  comj^letely 
destroyed;  except  so  far  as  those  actions  (as  that  of  Respiration)  were 
dependent  only  upon  the  reflex  function  of  the  Spinal  Cord.    The  experi- 
ments afforded  the  same  results,  when  made  upon  each  class  of  Ver- 
tebrated  animals ;  and  they  have  since  been  repeated,  with  correspondino- 
effects,  by  Bouillaud  and  Hertwig.  The  latter  agrees  with  Flourens,  also,  in 
stating  that  the  removal  of  one  side  of  the  Cerebellum  afiects  the  move- 
ments of  the  opposite  side  of  the  body ;  and  he  further  mentions  that  if 
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the  mutilation  of  the  Cerehelkim  have  been  partial  only,  its  function  is  in 
great  degree  restored.* 

764.  It  was  further  af&rmed  by  Magendie,  that  the  removal  of  the 
Cerebellum,  or  the  infliction  of  a  deep  wound  of  its  substance  on  both 
sides,  occasions  the  animal  to  move  backwards  as  if  by  an  irresistible 
impulse ;  and  this  he  attributed  to  the  retrograde  power  of  the  Corpora 
Striata,  which  now  acts  without  its  due  balance.    That  such  a  movement 
does  sometimes  present  itself  after  such  injuries  as  have  been  described, 
caimot  be  questioned,  the  fact  having  been  confirmed  by  other  experi- 
menters ;  but  it  is  a  phenomenon  of  such  rarity,  that  it  cannot  be  rightly 
considered  as  having  any  direct  dependence  upon  the  injury  of  the  Cere- 
bellum, but  miist  be  rather  set  down  to  some  accidental  complication  or 
concmTcnt  disturbance;  more  especially  since,  as  already  pointed  out 
(§  737),  the  function  attributed  by  Magcudie  to  the  Corpora  Striata 
has  no  real  existence. — But  the  results  of  section  of  one  of  the  Crura 
Cerebelli,  which  were  first  obtained  by  Magendie,  are  much  more  con- 
stant; for  the  performance  of  this  operation  causes  the  animal  to  fall 
over  upon  one  side,  and  to  continue  rolling  upon  its  longitudinal  axis, 
even  as  fast  (in  some  instances)  as  sixty  times  in  a  minute,  the  movement 
going  on  for  many  days  without  intermission.    There  is  a  remai'kable 
difference  in  the  statements  of  different  experimenters,  however,  as  regards 
the  direction  of  this  rolling  movement;  for  whilst  Magendie  and  Miiller 
affirm  that  it  takes  place  toivards  the  injured  side,  Longet  and  Lafargue 
assert  that  it  takes  place  from  the  injured  side  towards  the  opposite  side. 
This  discrepancy  appears,  fi-om  the  experiments  of  Schiff',+  to  be  due  to  a 
difference  in  the  locality  of  the  section ;  for  he  states  that  if  the  peduncle 
be  divided  from  behind,  the  animal  turns  towards  the  side  on  which  the 
section  is  made ;  whilst  if  the  section  be  made  in  front,  the  animal  turns 
from  that  side  towai'ds  the  opposite  one.    This  difference  is  explained  by 
Longet,  by  the  difference  in  the  com'se  of  the  anterior  and  posterior  fibres 
of  the  peduncles;  for  according  to  him  the  former  commimicate  with  the 
decussating,  and  the  latter  with  the  non-decussating  portion  of  the  motor 
tract;  so  that,  when  the  former  are  injured,  the  animal  loses  control 
over  the  miiscles  of  the  opposite  side,  and  when  the  latter,  over  the 
muscles  of  the  same  side.    This  rolling  movement  is  attributed  by  some 
to  the  continued  activity  of  the  muscles  of  one  side,  now  unbalanced  by 
that  of  the  muscles  on  the  other;  but  if  such  were  the  case,  as  Longet 
justly  remarks,  it  ought  to  occur  more  freqiiently  than  it  does  in  cases 
of  ordinary  hemiplegia;  and,  according  to  that  experimenter,  observation 
shows  that  it  rather  depends  on  a  twisting  movement  of  the  spinal  column, 
especially  affecting  its  anterior  portion,  and  dragging  the  posterior  (as  it 
were)  after  it.|. 

765.  The  information  supplied  by  Pathological  phenomena,  when  inter- 

*  All  these  results  are  objected  to  by  those  who  assert  that  the  Cerebellum  is  the  seat  of 
the  sexual  instinct,  on  the  ground  that  the  observed  aberrations  of  the  motor  functions  arc 
sufficiently  accounted  for,  by  the  general  disturbance  which  an  operation  so  severe  must 
necessarily  induce.  The  fallacy  of  this  objection,  however,  is  shown  by  the  fact,  that  the 
much  more  severe  operation  of  removing  the  Hemispheres  does  not  occasion  such  an  aberra- 
tion; the  power  of  performing  the  associated  movements,  and  of  maintaining  the  equilibrium, 
being  remarkably  preserved  after  the  loss  of  them  (§  734). 

+  "De  vi  motoria  baseos  encephali  inquisitioncs  experimentales;"  Bockenhcmii,  184o. 

J  See  his  "  Traite  de  Physiologie,"  torn.  ii.  partie  2,  pp.  21G,  217. 
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preted  with  the  cautions  formerly  referred-to,  is  found  on  the  whole  to 
coincide  with  that  obtained  from  experiment.  In  the  first  place,  it  fully 
supports  the  conclusion  that  the  Cerebellum  is  not  in  any  way  the  instru- 
ment of  psychical  operations.  Inflammation  of  the  membranes  covering 
it,  if  confined  to  that  part,  does  not  produce  delirium;  and  its  almost 
complete  destruction  by  gradual  softening,  does  not  appear  necessarily 
to  involve  loss  of  intellectual  power.  "  But,"  remarks  Andral,  "  whilst 
the  changes  of  intelligence  were  variable,  inconstant,  and  of  little  im- 
portance, the  lesions  of  motion,  on  the  contrary,  were  observed  in  all 
the  cases  [of  softening]  except  one;  and  in  this  it  is  not  quite  certain  that 
motion  was  not  interfered  with."  Yet  the  result  of  Andral's  analysis  of 
as  many  as  ninety-three  cases  of  disease  of  the  Cerebellum,*  is  not  favour- 
able to  the  doctrine  to  which  the  results  of  experiments  seem  to  point; 
but,  as  it  has  been  justly  remarked  by  Longet,  the  effects  of  disease 
ai-e  only  partly  comparable  to  those  of  experiment ;  since  in  a  large  pro- 
portion of  chronic  cases  of  the  former,  the  change  consists  in  the  for- 
mation of  a  new  product,  such  as  a  tiibercular  or  cancerous  deposit, 
or  a  cyst  of  some  kind,  the  gradual  development  of  which  is  quite 
consistent  with  the  continued  functional  activity  of  the  organ,  as  we 
see  by  parallel  phenomena  elsewhere;  whilst  in  those  instances  in  which 
hemoiThage  occurs,  this  usually  occasions  either  complete  apoplexy  or 
local  pai'alysis,  by  its  effects  upon  other  organs.  Still,  several  cases  of 
chronic  disease  of  the  Cerebellum  have  been  observed,  in  which  unsteadi- 
ness of  gait,  without  paralysis,  or  only  giving  place  to  paralysis  at  last 
on  the  occun-ence  of  hemorrhage,  was  a  very  marked  symptom  ;t  and 
these  afford  a  strong  confirmation  of  the  doctrine  based  on  the  experi- 
mental reseai'ches  abeady  referred-to.  In  a  few  cases  in  which  both 
lobes  of  the  Cerebellum  have  been  seriously  affected,  the  tendency  to 
retrogTade  movement  has  been  observed;  and-instances  are  also  on  record, 
of  the  occmrence  of  rotatory  movement,  which  has  been  found  to  be 
connected  with  lesion  of  the  Crus  Cerebelli  on  the  same  side.:}:  So  far  as 
they  can  be  relied  on,  therefore,  the  results  of  the  three  methods  of 
investigation  bear  a  very  close  correspondence;  and  it  can  scarcely  be 
doubted  that  they  afford  us  a  near  approximation  to  truth. 

766.  It  must  not  be  allowed  to  pass  unnoticed,  that  some  Physiologists 
(as  Foville,  Pinel-Grandchamp,  and  Duges)  have  regarded  the  Cerebellum 
as  the  centre  of  common  Sensation ;  chiefly  on  the  ground  of  its  connec- 
tion with  the  posterior  columns  of  the  Spinal  Cord,  and  of  the  manifesta- 
tions of  pain  which  are  called  forth  by  touching  the  Restiform  columns. 
Although  these  facts  may  lead  us  to  admit  that  the  Cerebellum  is 
connected  with  the  sensonal  centres,  and  even  that  it  is  itself  a  seat 
of  sensibility,  yet  it  is  impossible  to  regard  it  as  the  exclusive  seat 

*  See  his  "  Clinique  Medicale,"  2eme  edit.  torn.  v.  p.  735. 

+  Two  such  cases  are  recorded  by  Mr.  Dunn  in  the  "  Med.-Chir.  Trans.,"  vol.  xxxii.,. 
and  another  by  Dr.  Cowan  in  the  "  Prov.  Med.  and  Surg.  Journ.,"  April  16,  1845  ;  and  the 
Author  has  been  made  acquainted  with  several  others,  by  gentlemen  under  whose  cognizance 
they  have  fallen. 

+  A  collection  of  such  cases  has  been  made  by  Dr.  Paget,  in  his  paper  on  '  Morbid  Rhyth- 
mical Movements,'  in  the  "  Edinb.  Med.  and  Surg.  Journal,"  1847,  vol.  Ixvii.— A  case  fell 
within  the  Author's  knowledge  a  few  years  ago,  in  which  a  state  of  this  kind,  that  lasted  for 
some  hours,  appeared  to  depend  upon  an  attack  of  indigestion ;  the  symptoms  being  complctcl  v 
relieved  by  vomiting,  and  no  further  indication  of  encephalic  disorder  manifesting  itself. 
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of  sensibility,  consistently  with  the  facts  with  which  experiment  and 
pathological  observation  supply  us;  since  neither  the  complete  removal 
of  this  organ  by  operation,  nor  its  complete  destruction  by  disease,*  have 
been  found  to  involve  any  loss  of  the  ordinai'y  sensorial  powers. — There 
would  seem  much  more  probability  in  the  idea  that  it  is  the  special  seat 
of  the  '  muscular  sense,'  which  has  so  important  a  share  in  the  guidance 
of  the  co-ordinated  movements;  and  this  notion  derives  confirmation 
from  the  mai'ked  structural  connection  which  exists  between  the  Cere- 
bellum and  the  Optic  Ganglia  (corpora  quadrigemina),  the  purpose  of 
which  may  be  not  unfairly  surmised  to  be,  to  communicate  the  guidance 
of  the  visual  sense  to  the  organ  by  which  the  co-ordination  of  motions  is 
effected,  in  the  same  manner  as  the  impressions  appertaining  to  the 
muscular  sense  are  transmitted  upwards  by  the  Restiform  columns.  The 
chief  objection  to  such  a  view  would  seem  to  lie  in  the  strong  similarity 
between  the  'muscular'  sense  and  'common'  or  'tactile'  sensation,  which 
makes  it  difficult  to  conceive  that  they  should  have  different  seats  in  the 
Sensor ium  commune.  But  this  difficulty  is  diminished  if  not  removed  by 
the  reflection,  that  the  Restiform  columns  appear  to  have  the  same 
endowments  as  the  remainder  of  the  Sensory  tract  derived  from  the  poste- 
rior columns  of  the  Spinal  Cord;  and  that  no  explanation  can  be  given 
of  their  extreme  sensitiveness  to  impressions  (as  shown  by  experiment), 
unless  it  be  admitted  that  the  organ  in  which  they  terminate  is  itself 
a  centre  of  a  form  of  sensation  closely  allied  to  that  of  the  common  or 
tactile  kind.  Possibl}'-,  however,  the  true  termination  of  these  fibres  is  in 
the  'corpus  dentatum'  of  the  Crm-a  Cerebelli;  and  the  Cerebellum  may 
only  react  upon  impressions  thence  transmitted  to  it,  without  being  itself 
the  instrument  of  communicating  such  impressions  to  the  consciousness. 

767.  We  have  now  to  examine,  however,  another  doctrine  i-egarding 
the  functions  of  the  Cerebellum,  which  was  first  propounded  by  Gall,  and 
which  is  supported  by  the  Phrenological  school  of  physiologists.  This 
doctrine,  that  the  Cerebellum  is  the  organ  of  the  sexual  instinct,  is  not 
altogether  incompatible  with  the  other ;  and  by  some  it  has  been  held  in 
combination  with  it.  The  gi-eater  number  of  Phrenologists,  however, 
regard  this  instinct  as  the  exclusive  function  of  the  Cerebellum;  and 
assert  that  they  can  judge  of  its  intensity,  by  the  degree  of  development 
of  the  organ.  We  shall  now  examine  the  evidence  in  support  of  this 
position,  afforded  by  the  three  methods  of  inquiry  which  have  been 
already  indicated.  In  the  first  place  it  may  be  remarked,  that  the  sexual 
propensity  is  very  closely  connected  with  various  emotional  states  of 
mind  to  which  "organs"  are  assigned  by  Phrenologists,  and  of  which 
the  Cerebrum  is  universally  admitted  to  be  the  seat ;  such  for  instance  as 
"  love  of  offspring,"  "  adhesiveness,"  and  in  the  lower  animals  more  parti- 
cularly with  "combativeness;"  and  in  Man  it  has  a  continual  operation 
upon  the  reasoning  faculties  and  the  Will.  Yet  the  anatomical  connec- 
tions of  the  Cerebellum  are  peculiarly  unfavourable  to  any  such  influence ; 
these  being,  as  we  have  seen,  rather  with  the  lower  than  wath  the  higher 
portion  of  the  Cerebro-spinal  axis.— Again,  the  results  of  fair  observation 
as  to  the  comparative  size  of  the  Cerebellum  in  different  animals,  can 


•  Sec  the  well-known  case  recorded  by  Combetli,  in  the  "Revue  M6dicale," 
p.  57. 


OP  THE  CEREBELLUM,  AND  ITS  FUNCTIONS. 


757 


scai'cely  be  regarded  as  otherwise  than  very  unfavourable  to  the  doctrine 
in  question.  In  the  greater  number  of  Fishes,  it  is  well  known  that  no 
sexual  congress  takes  place ;  the  seminal  fluid  being  merely  effused,  like 
any  other  excretion,  into  the  surrounding  water;  and  being  thus  brought 
into  only  accidental  contact  with  the  ova,  of  which  a  large  proportion  are 
never  fertilized.  But  there  are  certain  Fishes,  as  the  Shai'ks,  Rays,  and 
Eels,  in  which  copulation  takes  place  after  the  ordinary  method.  Now 
on  contrasting  these  groups,  we  find  no  corresponding  difference  in  the 
size  of  the  Cerebellum.  It  is  true  that  this  organ  is  of  large  size  in 
the  Sharks;  but  it  is  smaller  in  the  Rays,  and  almost  rudimentary  in  the 
Eels ;  in  this  respect  bearing  a  precise  correspondence  with  the  variety 
and  complexity  of  their  movements.  Further,  in  many  ordinary  Fishes, 
which  do  not  copulate,  such  as  the  Cod,  the  Cerebellum  is  not  only  larger, 
but  more  complex  in  structure,  than  it  is  in  the  generality  of  Reptiles,  in 
which  the  sexual  instinct  is  commonly  strong;  the  whole  spinal  system  of 
the  Frog  possessing,  at  the  season  of  reproduction,  an  extraordinary 
degree  of  excitability,  which  is  evidently  destined  to  aid  in  the  perform- 
ance of  the  function.  Again,  on  comparing  the  Gallinaceous  Birds,  which 
are  polygamous,  with  the  Raptorial  and  Insessorial  tribes  which  live 
in  pairs,  we  find  that  the  former,  instead  of  having  a  larger  Cerebellum, 
have  one  of  inferior  size.  Further,  on  looking  at  the  Mammalia,  the 
same  disproportion  may  be  noticed.  A  friend  who  kept  some  Kangaroos 
in  his  gai'den,  informed  the  Author  that  they  were  the  most  salacious 
animals  he  ever  saw;  yet  their  Cerebellum  is  one  of  the  smallest  to 
be  found  in  the  class.  Eveiy  one  knows,  again,  the  salacity  of  Monkeys ; 
there  are  many  which  are  excited  to  violent  demonstrations  by  the  sight 
even  of  a  human  female;  and  there  are  few  which  do  not  practise  mastur- 
bation, when  kept  in  solitary  confinement  j  yet  in  them  the  Cei-ebellum  is 
much  smaller  than  in  Man,  in  whom  the  Sexual  impulse  is  much  less 
violent.  It  has  been  supposed  that  the  large  size  of  the  organ  in  Man  is 
comiected  with  his  constant  possession  of  the  appetite,  which  is  only 
occasional  in  others;  but  this  does  not  hold  good,  since  among  domestic 
animals  there  are  many  which  are  ready  to  breed  throughout  the  year, 
Cats  and  Rabbits  for  instance,  and  in  these  we  do  not  find  any  peculiai' 
difference  in  the  size  of  the  Cerebellum.* 

768.  It  is  asserted,  however,  that  the  results  of  observation  in  Man  lead 
to  a  positive  conclusion,  that  the  size  of  the  Cerebellum  is  a  measure 
of  the  intensity  of  the  sexual  instinct  in  the  individual.  This  asser- 
tion has  been  met  by  the  counter-statement  of  others,  that  no  such 
relation  exists.  It  is  unfortunate  that  here,  as  in  many  other  instances, 
each  party  has  registered  the  observations  favourable  to  its  own  views, 
rather  than  those  of  an  opposite  character;  so  that  until  some  additional 
evidence  of  a  less  partial  nature  shall  have  been  collected,  we  must  consi- 
der the  question  as  sub  judice.  It  may  be  safely  affu-med,  however,  that  no 
evidence  upon  the  affirmative  side  of  this  proposition  has  yet  been  adduced, 
■which  can  be  in  the  least  degree  satisfactory  to  the  mind  of  any  Anato- 
mist Avho  is  competent  to  judge  of  its  value.  For  nearly  all  the  observa- 
tions which  have  been  paraded  by  Phrenologists  in  support  of  Gall's 

*  For  a  fuller  examination  of  the  indications  afforded  by  Comparative  Anatomy  in  regard 
to  tins  (iuc8tion,  see  the  "  Brit,  and  For.  Medical  Review,"'  Oct,,  1»4(),  pp.  5;54. 
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doctrine,  have  been  based,  not  upon  the  actual  determination  of  the  size  or 
weight  of  the  Cerebellum  in  different  individuals,  but  upon  the  estimation 
of  its  proportional  development  from  the  external  conformation  of  the 
skull.  Now  any  one  who  has  even  cursorily  examined  those  principal 
types  of  cranial  conformation,  which  are  characteristic  of  some  of  the 
chief  subdivisions  of  the  Human  species,  must  perceive  that  there  is 
a  no  less  characteristic  difference  between  these  different  types  in  the 
occipital,  than  there  is  in  the  frontal  region.  For  whilst  the  occipital 
projection  is  much  greater  in  the  'prognathous'  skull  than  it  is  in  the 
'elliptical,'  it  is  as  much  less  in  the  'pyramidal;'  and  thus  while  the 
first  would  be  considered,  according  to  phrenological  rules,  to  hold  a 
much  larger  Cerebellum,  this  organ  m  the  latter  would  be  regarded 
as  necessarily  very  small.  Now  there  is  not  only  as  much  evidence 
of  a  strong  development  of  the  sexual  propensity,  in  the  characters  and 
habits  of  the  pyramidal-skulled  Asiatics,  as  there  is  in  regard  to  the  ellip- 
tical-skulled Europeans,  or  the  prognathous  Negroes ;  but  there  is  also 
anatomical  evidence  to  show  that  the  size  of  the  Cerebellum  in  the  different 
races  hears  no  relation  whatever  to  the  degree  of  projection  of  the  occijiut ; 
for  the  plane  of  tliis  organ,  being  somewhat  oblique  in  the  elliptical  skull, 
is  horizontal  in  the  prognathous,  and  nearly  vertical  in  the  pyramidal, 
while  tlie  size  and  anatomical  relations  of  the  organ  are  not  in  the  least 
degree  affected  by  this  difference  in  its  position.* — Hence  it  may  be  safely 
affirmed,  that  no  evidence  witli  regard  to  the  relation  asserted  to  exist 
between  the  size  of  the  Cerebellum  and  the  intensity  of  the  Sexual  pro- 
pensity, has  any  value,  save  that  which  is  drawn  fi-om  the  positive  deter- 
mination of  the  former  by  measure  or  weight. 

7G9.  Among  the  arguments  adduced  by  Gall  and  his  followers  in  proof 
of  the  connection  between  the  Cerebellum  and  the  sexual  instinct,  is  one 
which  would  deserve  great  attention,  if  the  facts  stated  could  be  relied-on. 
It  has  been  asserted,  over  and  over  again,  that  the  Cerebellum,  in  animals 
which  have  been  castrated  when  young,  is  much  smaller  than  in  those 
which  have  retained  their  virility, — ^being,  in  fact,  atrophied  from  want  of 
power  to  act.  Now  it  is  unfortunate  that  vague  assei'tion,  founded  on 
estimates  formed  by  the  eye  fi^om  the  cranium  alone,  is  all  on  which  this 
position  rests;  and  it  will  be  presently  shown  how  very  liable  to  eiTor 
such  an  estimate  must  be.  The  following  is  the  result  of  a  series  of 
observations  on  this  subject,  suggested  by  M.  Leuret,t  and  carried  into 
ejffect  by  M.  Lassaigne : — The  weight  of  the  Cerebellum,  both  absolutely, 
and  as  compared  with  that  of  the  Cerebrum,  was  adopted  as  the  stand- 
ard of  comparison.  This  was  ascertained  in  ten  Stallions,  of  the  ages  of 
from  nine  to  seventeen  years;  in  twelve  Mares,  aged  from  seven  to  six- 
teen 3^ears;  and  in  twenty-one  Geldings,  aged  from  seven  to  seventeen 
years.  The  average  weight  of  the  Cerebrum  in  the  Stallions^  was  433 
grammes ;  the  greatest  being  485  gr.,  and  the  least  (which  was  in  a  hoi-se 
of  ten  years  old)  being  350  gr.  The  average  weight  of  the  Cerebellum  was 
61  gr. ;  the  greatest  being  65  gr.,  and  the  least  56  gr.  The  average  pro- 
portion borne  by  the  weight  of  the  Cerebellum  to  that  of  the  Cerebrum, 
was,  therefore,  1  to  7-07;  the  highest  (resulting  from  a  very  small  Cei-e- 

*  The  Author's  statements  on  this  point  are  based  on  the  very  decided  assertions  of  his 
friend  Prof.  Rctzius  of  Stockholm,  who  has  paid  special  attention  to  this  inquiry, 
f  "  Anat.  Comp.  du  Systeme  Nerveux,"  torn.  i.  p.  427. 
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brum)  being  1  to  6-25;  and  the  lowest  (resulting  from  an  unusually  large 
Cerebrum)  being  1  to  7*46.  Throughout  it  might  be  observed,  that  the 
variation  in  the  size  of  the  Cerebellum  was  much  less  than  in  that  of  the 
Cerebrum. — In  the  twelve  Mares,  the  average  weight  of  the  Cerebrum 
was  402  gr. ;  the  highest  being  432  gr.,  and  the  lowest  363  gr.  That  of 
the  Cerebellum  was  61  gr. ;  the  highest  being  66  gr.  (which  was  in  the 
individual  with  the  smallest  Cerebrum),  and  the  lowest  58  gr.  The 
average  proportion  of  the  weight  of  the  Cerebellum  to  that  of  the  Cere- 
brum was  1  to  6-59;  the  highest  being  1  to  5*09,  and  the  lowest  1  to  7. 
The  j)roj)ortion  was,  therefore,  considerably  higher  in  the  perfect  female, 
than  in  the  perfect  male. — In  the  twenty-one  Geldings,  the  average  weight 
of  the  Cerebrum  was  419  gr. ;  the  highest  being  566  gr.,  and  the  lowest 
346  gr.  The  average  of  the  Cerebellum  was  70  gr.  j  the  highest  being 
76  gi'.,  and  the  lowest  64  gr.  The  average  proportion  was,  therefore,  1  to 
5-97  ;  the  highest  being  1  to  5-16,  and  the  lowest  1  to  7*44.  It  is  curious, 
that  this  last  was  in  the  individual  which  had  the  largest  Cerebellum 
of  the  whole;  but  the  proportional  weight  of  the  Cerebrum  was  still 
greater. — Bringing  together  the  results  of  these  observations,  they  are 
found  to  be  quite  opposed  to  the  statement  of  Gall.  The  weight  of  the 
Cerebrum,  reckoning  the  Cerebellum  as  1,  is  thus  expressed  in  each  of  the 
foregoing  descriptions  of  animals  : — 


Average,  Highest,  Lowest, 

Stallions        .  .  .      7-07  7-46  6-25 

Mares       .  .  .  6-59  7-00  5-09 

Geldings        .  .  .      5-97  7*44  5-16 


The  average  2^'>'oportional  size  of  the  Cerebellum  in  Geldings,  therefore, 
is  so  far  from  being  less  than  that  which  it  bears  in  entire  Horses  and 
Mares,  that  it  is  positively  gTcater  j  and  this-depends  not  only  on  diminu- 
tion in  the  relative  size  of  the  Cerebrum,  but  on  its  own  larger  dimension, 
as  the  following  comparison  of  absolute  weights  will  show  : — 


Average,  Highest.  Lowest, 
Stallions        ...       61                65  56 
Mares      ...            61                66  58 
Geldings       ...       70                76  64 


The  difierence  is  so  remarkable,  and  appears,  from  examination  of  the 
individual  results,  to  be  so  constant,  that  it  cannot  be  attributed  to  any 
accidental  circumstance,  arising  out  of  the  small  number  of  animals 
experimented  on.  The  average  weight  of  the  Cerebellum  in  the  ten 
Stallions  and  twelve  Mares,  is  seen  to  be  the  same,  and  the  extremes 
differ  but  little  in  the  two ;  whilst  the  average  in  the  Geldings  is  more 
than  one-seventh  higher,  and  the  lowest  is  considerably  above  the  average 
of  the  preceding,  while  the  highest  far  exceeds  the  highest  among  the 
entire  Horses.  It  is  curious  that  Gall  wovdd  have  been  much  nearer 
the  truth,  if  he  had  said  that  the  dimensions  of  the  Cerebrum  are  usually 
reduced  by  castration ;  for  it  appears  from  the  following  table  that  such  is 
really  the  case  : — 


Average,  Greatest.  Least, 

Stallions        .          .          .     433              486  350 

Mares       .          .          .          402               432  336 

Geldings        .          .          .419              566  346 
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The  weight  of  the  lai-gest  Corebriim  of  the  Gelding  is  far  above  the 
highest  of  the  Stallions;  but  it  seems  to  be  an  extraordinary  case,  as 
in  no  other  was  the  weight  above  490  gr.  If  this  one  be  excluded,  the 
average  will  be  reduced  still  further,  being  then  about  412;  this  may 
be  seen,  by  looking  over  the  whole  table,  to  give  a  very  fair  idea  of  the 
usual  weight  in  these  animals,  which  is  therefore  less,  by  about  one- 
twentieth,  than  the  average  in  the  Stallions. — The  increased  size  of  the 
Cerebellum  in  Geldings  may  perhaps  be  accounted-for,  by  remembering 
that  this  class  of  horses  is  solely  employed  for  its  muscular  power,  and 
that  the  constant  exercise  of  the  organ  is  not  unlikely  to  develope  its  size; 
whilst  Stallions,  being  kept  especially  for  the  pui'pose  of  propagation, 
are  much  less  applied  to  occupations  which  call  forth  then-  motor 
faculties. 

770.  It  is  asserted,  however,  by  the  followers  of  Gall,  that  very  strong 
evidence  of  the  truth  of  his  doctrine  is  afforded  by  Pathological  pheno- 
mena: excitement  of  the  genital  organs,  manifesting  itself  in  priapism, 
tui-gescence  of  the  testes,  and  seminal  emissions,  being  an  ordinary  con- 
comitant of  some  forms  of  apoplexy  in  which  the  Cerebellum  is  affected; 
whilst  in  other  cases  of  disease  or  injruy  involving  extensive  destruction 
of  the  substance  of  the  organ,  there  has  been  a  complete  abatement  of 
sexual  desire.  The  proportion  of  recorded  cases  of  disease  of  the  Cere- 
bellum, however,  in  which  any  affection  of  the  genital  organs  has  been 
noticed,  is  extremely  small;  for  out  of  178  cases,  which  have  been  col- 
lected by  Burdach,*  only  10,  or  scarcely  more  than  1  in  18,  presented 
any  symptoms  that  tended  to  indicate  a  functional  relation  between  the 
Cerebellum  and  the  Genital  organs.  The  same  physiologist  affirms  that 
similar  affections  present  themselves  when  the  Cerebrum  is  the  seat  of  the 
lesion;  and  there  seems  a  strong  probability  that  it  is  solely  to  the 
connection  of  these  organs  with  the  Spinal  Cord,  that  such  affections 
of  the  genital  apparatus  are  due.  For  erection  of  the  penis  has  been 
noticed  in  a  far  larger  proportion  of  cases  in  which  the  Spinal  Cord 
itself  has  been  the  seat  of  the  lesion;  thus  in  15  cases  in  which  the  cervical 
portion  of  the  Cord  was  affected,  erection  of  the  penis  was  observed 
in  8;  and  in  13  cases  of  lesion  of  the  dorso-lumbar  portion  of  the  cord, 
erection  of  the  penis  took  place  in  3.t  It  is  well  known  that  erection  of 
the  penis  and  emissio  seminis  are  not  infrequent  phenomena  of  death 
by  hanging;  and  this  fact  accords  fully  as  well  with  the  idea  that  the 
affection  of  the  sexual  organs  is  consequent  upon  lesion  of  the  Cranio- 
spinal axis,  as  with  the  doctrine  that  it  is  due  to  disordered  function 
of  the  Cerebellum. — It  has  been  suggested  by  Serres,^  who  collected  7 
cases  in  which  excitement  of  the  genital  organs  was  coincident  with 
apoplexy  of  the  median  lobe  of  the  Cerebellum,  that  whilst  the  lateral 
lobes  or  hemispheres  may  be  connected  with  the  locomotive  function, 
the  median  lobe  may  be  the  organ  of  the  sexual  instinct.  Several  cases 
have  been  recorded,  in  which  some  such  relation  appeared  to  be  indi- 
cated; and  the  Author  has  been  made  acquainted  with  at  least  six,§ 

*  "  Von  Baue  iind  Leben  des  Gehirns,"  (Leipzig,  1019-26),  band  iii. 
+  See  the  "  Trait6  des  Maladies  de  la  Moelle  Epiniere"  of  M.  OUivier  (d'Angers},  deme 
{;dit.,  torn.  iii.  p.  316. 

J  "Anatomic  Comparee  du  Cerveau,"  tom.  ii.  pp.  601,  717. 

$  Four  such  cases  have  come  under  the  notice  of  his  friend  Dr.  Simpson  of  York. 
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a  which  au  extraordiuaiy  salacity  developed  itself  at  an  advanced  period 
if  life,  whilst  concurrently  with  this,  or  following  upon  it,  there  was  that 
vind  of  unsteadiness  of  gait  which  may  be  held  to  indicate  chronic 
lisease  of  the  Cerebellum ;  and  in  one  of  these  cases,  of  which  the  history 
and  post-mortem  appearances  have  been  carefully  recorded  by  Mr,  Dunn,* 
there  was  strong  evidence  that  the  excitement  of  the  sexual  propensity 
was  coincident  with  the  irritative  stage  of  incipient  disease  in  the  central 
lobe  of  the  Cerebellum,  and  that  the  abatement  of  the  propensity  was  in 
like  manner  coincident  with  the  subsequent  destruction  of  its  substance ; 
whilst  the  advance  of  the  disease  into  the  lateral  lobes  was  marked 
by  impairment  of  the  power  of  co-ordination  of  movement.  But  with 
regard  to  all  such  cases,  and  others  that  may  be  ranked  in  the  same 
category,t  the  objection  of  Petrequin^  holds  good,  that  when  disease  or 
injuiy  affects  the  median  lobe  of  the  Cerebellum,  the  Medulla  Oblongata 
is  almost  certain  to  be  implicated  in  it;  so  that,  as  the  evidence  akeady 
referred-to  clearly  indicates  the  existence  of  a  special  relation  between  the 
genital  organs  and  the  upper  part  of  the  Spinal  Axis,  no  positive  proof  is 
afforded  by  them  that  any  portion  of  the  Cerebellum  has  any  special 
connection  with  the  generative  function. 

771.  The  Author  is  far  from  denying  in  toto,  that  any  peculiar  connec- 
tion exists  between  the  Cerebellum  and  the  Genital  system;  but  if  the 
evidence  at  present  adduced  in  support  of  the  Phrenological  position 
be  held  sufficient  to  establish  it,  in  defiance  of  so  many  opposing  considera- 
tions, we  must  bid  adieu  to  all  safe  reasoning  in  Physiology.  The  weight 
of  testimony  appeal's  to  him  to  be  quite  decided,  in  regard  to  the  connec- 
tion of  the  Cerebellum  with  the  regulation  of  the  motor  function ;  and  as 
an  additional  argument  in  favom-  of  this  view,  it  may  be  stated,  that  the 
lobes  of  the  Human  Cerebellum  undergo  their  most  rapid  development 
during  the  first  few  years  of  life,  when  a  large-number  of  complex  volun- 
tary movements  are  being  learned  by  experience,  and  are  being  associated 
by  means  of  the  muscular  sensations  accompanying  them ;  whilst  in  those 
animals  which  have,  immediately  after  birth,  the  power  of  regulating  their 
voluntary  movements  for  definite  objects,  with  the  greatest  precision,  the 
Cerebellum  is  more  fully  developed  at  the  time  of  birth.  In  both  in- 
stances it  is  well  formed  and  in  active  operation  (so  far  as  can  be  judged 
of  by  the  amount  of  circulation  through  it),  long  before  the  sexual  instinct 
manifests  itself  in  any  perceptible  degree. — But  neither  doctrine  need  be 
maintained  altogether  to  the  exclusion  of  the  other ;  and  there  are  many 
among  the  Phrenologists  of  the  present  day,  who  hold  with  Serres  that 
whilst  the  hemispheres  of  the  Cerebellum  possess  the  endowments  now 

*  "  Medico-Chinirgical  Transactions,"  vol.  xxxii, 

+  Thus,  a  case  has  been  communicated  to  the  Author  by  Mr.  Turley  of  Worcester,  in 
which  the  sexual  desire,  which  had  been  always  strong  through  life,  but  which  had  been 
controlled  within  the  limits  of  decency,  manifested  itself,  during  a  period  of  some  months  pre- 
ceding death,  in  a  most  extraordinary  degree;  on  post  mortem  examination,  a  tumour  was 
found  on  the  Pons  Varolii. — And  he  has  been  informed  of  another  case  by  Dr.  Evanson 
(formerly  of  Dublin),  in  which  a  young  officer  on  the  eve  of  marriage,  having  received  a  blow 
on  the  occiput  by  a  fall  from  his  horse,  became  impotent,  without  any  other  disorder  of  his 
bodily  or  mental  powers;  and  in  the  distress  consequent  upon  this  discovery,  conmiitted 
suicide  on  the  morning  fixed  for  his  wedding. 

X  '  Sur  quclriues  points  de  la  Physiologic  dii  Cervelet  et  de  la  Moello  Epiniere/  in"  Ga/ 
Medicale,"  1«36,  tom.  iv.  p.  546. 
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generally  assigned  to  them  by  Physiologists,  the  central  lobe  is  connected 
with  the  Genital  function.  It  has  been  shown  by  Dr.  N.  S.  Davis,*  how- 
ever, that  there  is  no  perceptible  difference  in  the  dimensions  of  this 
central  lobe,  any  more  than  in  those  of  the  hemispheres,  between  Bulls 
and  Oxen ;  and  no  proof  has  yet  been  offered,  save  that  afforded  by  the 
pathological  evidence  just  referred-to,  that  any  such  endowment  is  pos- 
sessed by  it.  That  in  some  way  or  other,  however,  either  the  central 
portion  of  the  Cerebellum,  or  some  pai't  of  the  Medulla  Oblongata,  has  a 
special  connection  with  the  Generative  function,  appears  to  the  Author 
to  be  indicated  with  tolerable  clearness  by  several  of  the  pathological 
phenomena  akeady  cited.  The  circumstance,  too,  of  which  he  has  fre- 
quently been  assm-ed,  that  great  application  to  gymnastic  exercises  dimi- 
nishes for  a  time  the  sexual  vigom-,  and  even  totally  suspends  desire,  seems 
worthy  of  consideration  in  reference  to  such  a  view  ;  for  if  the  Cerebel- 
lum be  really  connected  with  both  kinds  of  function,  it  does  not  seem  un- 
reasonable that  the  excessive  employment  of  it  upon  one  should  diminish 
its  energy  in  regard  to  the  other.  — An  analysis  of  the  natm-e  of  the 
Sexual  propensity,  however,  suggests  the  conclusion  that  we  ai'e  not  to 
look  in  this  part  of  the  Encephalon  for  anything  else  than  a  seat  of  the 
sexual  sensation  ;  the  chai'acter  of  which  seems  to  be  sufficiently  different 
from  that  of  mere  tactile  sensation,  to  requu-e  a  distinct  ganglionic  centre. 
Such  a  centre  would  be  likely  to  be  placed  in  the  line  of  the  other 
sensory  ganglia,  and  in  close  connection  with  them. 

772.  As  in  the  case  of  other  sensations,  the  sexual,  when  moderately 
excited,  may  give  rise  to  ideas,  emotions,  and  desires,  of  which  the  Cere- 
brum is  the  seat;  and  these  may  react  on  the  muscular  system  through 
the  Intelligence  and  Will.  But  when  inordinately  excited,  or  when  not 
kept  in  restraint  by  the  Will,  the  sexual  sensations  will  at  once  call  into 
play  respondent  movements,  which  are  then  to  be  regarded  as  purely 
automatic ;  this  is  the  case  in  Nymphomania  and  Satyi'iasis  in  the  Human 
subject;  and  it  is  probably  also  the  ordinary  mode  of  operation  of  this 
sense,  in  such  of  the  lower  animals  as  have  not  psychical  power  enough  to 
form  a  conception  of  an  absent  object  of  gi-atification,  and  cannot,  there- 
fore, be  said  to  have  sexual  desires.  Thus,  like  other  sensations,  it  may 
act  either  intelligentially  or  automatically;  giving  rise  to  ideas,  by  trans- 
mission to  the  Cerebrum,  which  ideas,  associated  with  pleasurable  feel- 
ings, originate  desires,  which  stimulate  the  reasoning  powers  to  devise 
means  for  their  .gratification,  and  excite  the  will  to  the  necessary  actiom; 
or,  by  its  immediate  action  upon  the  motor  apparatus,  producing  re- 
spondent movements. — Of  this  double  modus  ojyerandi  we  seem  to  have 
sufficient  evidence.  For  among  many  of  the  lower  tiibes  of  animals,  at 
the  time  when  the  generative  organs  are  in  a  state  of  functional  activity, 
the  presence  of  an  individual  of  the  opposite  sex,  indicated  by  the  sight, 
smell,  hearing,  or  touch,  immediately  excites  the  whole  train  of  instinctive 
actions  concerned  in  the  reproductive  operation ;  whilst  we  have  no  eAa- 
dence  in  them  of  any  voluntary  exertion,  resulting  from  the  existence  oi 
a  desire  entertained  in  the  absence  of  the  object,  and  intended  for  the 
gratification  of  that  desire.  In  Man,  on  the  other  hand,  the  principal 
operation  of  the  sexual  sensations  is  in  awakening  desires  and  aftectious, 

*  "  Transactions  of  American  Medical  Association,"  vol.  iii.  p.  415. 
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which  serve  as  excitements  to  the  intelligence  and  as  motives  to  the  will ; 
lud  it  is  only,  under  ordinary  circumstances,  when  the  two  sexes  have 
neen  thus  brought  into  close  relation,  that  the  dkect  reaction  of  tlie 
sexual  sensation  manifests  itself  in  automatic  movements.    In  cases,  how- 
lever,  in  which  this  sensation  is  excited  in  unusual  strength,  it  may  com- 
jpletely  overmaster  all  motives  to  the  repression  of  the  propensity,  and 
rmay  even  entirely  remove  the  actions  from  the  control  of  the  will ;  and 
sa  state  of  a  very  similar  kind  exists  in  many  idiots,  in  whom  the  sexual 
)  propensity  exerts  a  dominant  power,  not  because  it  is  in  itself  peculiarly 
ssti'ong,  but  because,  the  inteUigence  being  undeveloped,  it  acts  without 
I  control  or  du-ection  from  the  will. 

5.  The  Cerebrum,  and  its  Functions. 

773.  We  come,  in  the  last  place,  to  consider  the  functions  of  that 
portion  of  the  Nervous  Centres,  which  is  evidently,  in  Man,  the  predomi- 
nant org-an  of  his  whole  system ;  being  not  merely  the  instrument  of  his 
reasoning  faculties,  but  also  possessing  a  direct  or  indirect  control  over 
nearly  all  the  actions  of  his  corporeal  frame,  save  those  purely  vegetative 
processes,  which  are  most  completely  isolated  from  his  animal  powers. 
We  should  be  in  great  danger,  however,  of  coming  to  an  erroneous  conclu- 
sion as  to  the  real  character  of  the  Cerebrum  and  of  its  operations,  if  we 
confined  ourselves  to  the  study  of  the  Human  oi-ganism ;  and  the  history 
of  Physiological  science  shows,  that  every  advance  of  knowledge  respect- 
ing its  functions,  has  tended  to  limit  them,  whilst  at  the  same  time 
rendering  them  more  precise.  Thus  the  Brain  (this  term,  in  the  older 
Anatomy,  being  chiefly  appropriated  to  the  Cerebrum)  was  accounted, 
not  merely  the  centre  of  all  motion  and  sensation,  but  also  the  source  of 
all  vitality;  the  different  processes  of  nutrition,  secretion,  &c.,  being 
maintained,  it  was  supposed,  by  a  constant  supply  of  "  animal  spirits," 
propagated  from  the  brain,  along  the  nerves,  to  each  individual  part. 
The  more  modern  doctrine,  that  the  Sympathetic  System  has  for  its 
special  function  to  supply  the  nervous  influence  requisite  for  the  mainte- 
nance of  the  functions  of  Organic  life,  was  the  first  step  in  the  process  of 
limitation ;  still  the  Brain  was  regarded  as  the  centre  of  all  the  Animal 
functions ;  and  no  other  part  was  admitted  to  possess  any  power  inde- 
pendently of  it.  By  experiments  and  pathological  observations,  however, 
the  powers  of  the  Spinal  Cord  as  an  independent  centre  of  action  were 
next  established;  and  it  was  thus  shown,  that  there  is  a  large  class  of 
motions,  in  which  the  Brain  has  no  concern,  and  that  the  removal  of  the 
Cerebral  hemispheres  is  not  incompatible  (even  among  the  higher  Verte- 
brata)  with  the  prolonged  maintenance  of  a  sort  of  inert  and  scarcely 
conscious  life.  Still,  it  has  been  usually  maintained,  and  with  great  show 
of  retison,  that  the  Cerebrum  is  the  instrument  of  all  psychical  opera- 
tions, and  the  originator  of  all  the  movements  which  could  not  be  assigned 
to  the  reflex  action  of  the  Spinal  Cord.  An  attempt  has  been  made,  how- 
ever, in  the  preceding  pages,  to  show  that  this  view  is  not  correct;  and 
that  there  is  a  class  of  actions,  neither  excito-motor  nor  voluntary,  but 
directly  consequent  upon  Sensations,  and  constituting  (with  the  excito- 
motor)  the  truly  instinctive  actions,  whicli  may  be  justly  assigned  to 
certain  ganglionic  centres,  not  less  independent  of  the  Cerebrum  than  is 
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the  Spinal  Cond  itself.  It  has  been  further  advanced,  that  the  Cerebrum 
must  be  considered  in  the  light  of  an  organ  superadded  for  a  particular 
purpose  or  set  of  purposes,  and  not  as  one  which  is  essential  to  hfe ;  that 
it  has  no  representative  among  the  Invertebrata  (except  in  a  few  of  the 
highest  forms,  which  evidently  present  a  transition  towards  the  Verte- 
brated  series)  ;  and  that,  at  its  first  introduction,  in  the  class  of  Fishes,  it 
evidently  performs  a  subordinate  part  in  the  general  actions  of  the  Nerv- 
ous System.  Hence,  whatever  be  the  fimction,  or  set  of  functions,  we 
assign  to  the  Cerebrum,  we  must  keep  in  view  the  special  character  of  the 
organ ;  and  must  never  lose  sight  of  the  fact,  that  its  predominance  in 
Man  does  not  deprive  other  parts  of  their  independent  powers,  although 
it  may  keep  the  exercise  of  those  powers  in  check,  and  may  considerably 
modify  their  manifestations. 

774.  Before  proceeding  to  inquire  into  the  Physiology  of  the  Cerebrum, 
we  may  advantageously  take  notice  of  some  of  the  leading  featm-es  of  its 
structure.  —  In  the  firat  place,  it  forms  an  exception  to  the  general  plan 
on  which  the  elements  of  ganglionic  centres  are  arranged;  in  having  its 
vesicular  substance  on  the  exterior,  instead  of  in  the  central  part  of  the 
mass.    The  pui'pose  of  this  is  probably  to  allow  the  vesicular  matter  to 
be  disposed  in  such  a  manner,  as  to  present  a  very  lai-ge  surface,  instead 
of  being  aggi-egated  together  in  a  more  compact  mass;  and  by  this 
means  to  admit,  on  the  one  side,  the  more  ready  access  of  the  blood- 
vessels which  are  so  essential  to  the  functional  operations  of  this  tissue,  as 
well  as  the  more  ready  communication,  on  the  other,  with  the  vast 
number  of  fibres  by  which  its  influence  is  to  be  propagated.    There  is  no 
reason  whatever  to  believe,  that  the  relative  functions  of  the  vesicular 
and  fibrous  substances  are  in  the  least  altered  by  this  change  in  then- 
relative  position ;  indeed,  the  results  of  observation  upon  the  phenomena 
of  disordered  Cerebral  action  are  such,  as  to  afford  decided  confirmation 
to  the  doctrine  already  propounded,  that  the  action  of  the  vesicular 
matter  constitutes  the  source  of  nervous  power,  whilst  the  fibrous  struc- 
ture has  for  its  ofl5ce  to  conduct  the  influence  generated  in  it  towards  the 
points  at  which  this  is  to  operate.    The  piu-pose  of  this  aiTangement 
is  further  evidenced  by  the  fact,  that,  in  all  the  higher  forms  of  Cerebi-al 
structure,  we  find  a  provision  for  a  still  greater  extension  of  the  surface 
at  which  the  vesicular-  matter  and  the  blood-vessels  may  come  into  rela- 
tion ;  this  being  effected,  by  the  plication  of  the  layer  of  vesicular  matter 
into  'convolutions,'  into  the  sulci  between  which,  the  highly  vascuka- 
membrane  known  as  the  'pia  mater'  dips  down,  sending  multitudes  of 
small  vessels  from  its  inner  surface  into  the  substance  it  invests. — In  the 
fibrous  or  medullary  substance  of  which  the  great  mass  of  the  Cerebi-um 
is  composed,  three  principal  sets  of  fibres  may  be  distingaiished.  These 
are,— first,  the  radiating  fibres,  which  connect  the  vesiculai-  matter  of  the 
cortical  substance  of  the  Hemispheres  with  the  Thalami  Optici,  and  which, 
if  our  view  of  the  function  of  the  latter  be  correct,  may  be  regai-ded  as 
ascending  or  sensory; — second,  the  radiating  fibres,  which  connect  the 
vesicular  matter  of  the  cortical  substance  of  the  Hemispheres  with  tlie 
Corpora  Striata,  and  which,  on  similar  gi-ounds,  may  be  regarded  as 
descending  or  motor; — and  third,  the  Commissural  fibres,  Avhich  estabJisi 
the  connection  between  the  opposite  Hemispheres,  and  between  the  di  - 
ferent  parts  of  the  vesicular  substance  of  the  same  side,  especially  betwee 
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that  disposed  on  the  surface  of  each  hemisphere,  and  those  isolated 
latches  which  are  found  in  its  interior.    It  is  on  the  veiy  large  propor- 
tion which  the  Commissural  fibres  bear  to  the  rest,  that  the  bulk  of  the 
j'  Cerebrum  of  Man  and  of  the  higher  animals  seems  chiefly  to  depend ; 
.and  it  is  easy  to  conceive,  that  this  condition  has  an  important  relation 
pwith  the  operations  of  the  Mind,  whatever  be  our  view  of  the  relative 
functions  of  different  parts  of  the  Cerebrum.    It  appears  from  the  late 
uresearches  of  M.  Baillai'ger,  that  the  surface  and  the  hulk  of  the  cerebral 
;  hemispheres  are  so  far  from  bearing  any  constant  proportion  to  each 
c  other,  in  different  animals,  that,  notwithstanding  the  depth  of  the  convo- 
I  lutions  in  the  Human  Cerebrum,  its  bulk  is  2 1  times  as  great  in  propor- 
:  tion  to  its  surface,  as  it  is  in  the  Eabbit,  the  surface  of  whose  Cerebrum 
i  is  smooth.    The  entire  surface  of  the  Human  Cerebrum,  when  the 
I  convolutions  are  unfolded,  is  estimated  by  him  at  about  670  square 
:  inches.* 

775.  With  regurd  to  the  Radiating  fibres,  which  connect  the  Corpora 
Striata  and  Thalami  Optici  wdth  the  vesicular  surface  of  the  Cerebral 
hemispheres,  no  positive  jjroof  has  yet  been  obtained  of  their  direct  conti- 
nuity with  those  which  enter  into  the  composition  of  the  nerves  proceed- 
ing fi'om  the  Spinal  Cord  and  Medulla  Oblongata  j  and  we  have  seen 
(§  753)  that  there  are  certain  phenomena,  which  are  far  better  explained 
on  the  idea,  that  these  radiating  fibres  are  of  a  commissural  nature  only, 
sen'ing  to  connect  the  vesicular  matter  of  the  Cerebrum  with  that  of  the 
higher  portions  of  the  Craniospinal  Axis,  through  which  alone  they  are 
brought  into  relation  with  the  central  terminations  of  the  afferent  nerves, 
and  with  the  origins  of  the  motor.  On  this  view,  the  Cerebrum  would 
receive  all  its  sensory  impressions,  by  the  commissural  fibres  that  connect 
it  wdth  the  ganglia,  which  ai'e  the  real  centres  of  these  nerves;  whilst  it 
would  call  the  motor  trunks  into  action,  by  •exciting,  through  another  set 
of  commissural  fibres,  the  vesicular  matter  of  the  ganglionic  centres  from 
which  they  pass  forth.  The  idea  that  there  is  no  direct  continuity 
between  the  radiating  fibres  of  the  Cerebrum  and  the  fibres  of  the  nerve- 
trimks,  derives  support  from  the  fact,  in  which  the  results  of  all  experi- 
ments agree,  that  no  irritation  of  the  former  produces  either  sensation  or 
motion.  These  results  are  borne  out  by  pathological  observations  in 
Man  j  for  it  has  been  frequently  remarked,  when  it  has  been  necessary  to 
sepai-ate  protiaided  portions  of  the  Brain  from  the  remainder,  that  this 
has  given  rise  to  no  sensation,  even  in  cases  in  which  the  mind  has  been 
perfectly  clear  at  the  time,  nor  has  any  convulsive  action  been  produced. 
Such  evidence,  however,  is  by  no  means  conclusive  on  the  point ;  since 
the  same  is  true  of  the  Thalami  Optici  and  Corpora  Striata,  in  which  there 
is  more  decided  evidence  of  the  absolute  continuity  of  fibres  from  the 
nerve-roots  to  the  vesicular  substance  of  these  parts  respectively. 

776.  The  Commissural  fibres  constitute  two  principal  groups,  the 

*  The  inference  drawn  by  M.  Baillargcr  from  the  facts  he  lias  collected, — namely,  thnt 
the  proportional  surface  of  vesicular  matter  in  different  animals,  whether  considered  absolutely, 
or  relatively  to  the  volume  of  the  Cerebrum,  has  no  correspondence  with  their  intellectual 
capability, — is  far  too  sweeping  an  assumption  ;  since,  as  above  shown,  the  increase  in  the 
commissural  fibres,  causing  an  augmentation  of  the  bulk  of  the  Cerebrum,  may  be  alike  the 
cause  of  increased  intelligence  and  of  a  diminished  proportional  amount  of  vesicular  matter  • 
though  the  latter  still  remains  as  the  original  source  of  power. 
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transverse,  and  the  longitudinal ;  the  former  connecting  the  two  Hemi- 
spheres with  each  other;  the  latter  uniting  the  different  parts  of  the 
same  Hemisphere. — Of  the  transverse  commissures,  the  Corjms  Callomm 
is  the  most  important.  This  consists  of  a  mass  of  fibres  very  closely 
interlaced  together;  which  may  be  traced  into  the  substance  of  the 
hemispheres  on  each  side,  particularly  at  their  lower  part,  where  their 
connections  are  the  closest  with  the  Thalami  Optici  and  Corpora  Striata. 
It  is  difficult,  if  not  impossible,  to  trace  its  fibres  any  further;  but  there 
can  be  little  doubt  that  they  radiate,  with  the  fibres  proceeding  from  the 
bodies  just  named,  to  difterent  parts  of  the  cortical  substance  of  the 
Hemispheres.  This  commissure  is  altogether  wanting  in  Fish,  Reptiles, 
and  Birds ;  and  it  is  partially  or  completely  wanting  in  those  Mammals, 
whose  Cerebrum  is  formed  upon  the  least  complex  plan — the  Rodents 
and  Marsuj)ials.  The  Anterior  commissure  particularly  unites  the  Cor- 
pora Striata  of  the  two  sides  ;  but  many  of  its  fibres  pass  through  those 
organs,  and  radiate  towards  the  convolutions  of  the  Hemispheres,  espe- 
cially those  of  the  middle  lobe.  This  commissure  is  particularly  large  in 
those  Marsiipials,  in  which  the  Corpus  Callosum  is  deficient.  The  Pos- 
terior commissure  is  a  band  of  fibres  which  connects  together  the  Thalami 
Optici ;  crossing  over  from  the  posterior  extremity  of  one  to  that  of  the 
other.  Besides  these,  there  are  other  groups  of  fibres,  which  appear  to 
have  similar  commissm-al  functions,  but  which  are  intermingled  with 
vesicular  substance.  Such  are  the  soft  commissure,  which  also  extends 
between  the  Thalami ;  the  Pons  Tarini,  which  extends  between  the  Crura 
Cerebri ;  and  the  Tuber  Cinereum,  which  seems  to  unite  the  optic  tracts 
with  the  thalami,  the  corpus  callosum,  the  fornix,  &c.,  and  to  be  a  common 
point  of  meeting  for  several  distinct  groiips  of  fibres. — Of  the  longitudinal 
commissm-es,  some  lie  above,  and  others  below,  the  Corpus  Callosum. 
Upon  the  transverse  fibres  of  that  body,  there  is  a  longitudinal  tract  on 
each  side  of  the  median  line,  which  serves  to  connect  the  convolutions  of 
the  anterior  and  posterior  Cerebral  lobes.  Above  this,  again,  is  the 
Su2:)erior  longitudinal  commissure,  which  is  formed  by  the  fibrous  matter 
of  the  greater  convolutions  nearest  the  median  plane  on  the  upper  sm-fece 
of  the  Cerebrum,  and  which  connects  the  convolutions  of  the  anterior  and 
middle  lobes  with  those  of  the  posterior.  Beneath  the  Corpus  Callosum, 
we  find  the  most  extensive  of  all  the  longitudinal  commissures,  the  For7iis. 
This  is  connected  in  front  with  the  Thalami  Optici,  the  Corpora  Mammil- 
laria,  the  Tuber  Cinereum,  &c. ;  and  behind,  it  spreads  its  fibres  over  the 
Hippocampi  (major  and  minor),  which  are  nothing  else  than  peculiai'  con- 
volutions that  project  into  the  posterior  and  descending  cornua  of  the 
lateral  ventricles.  The  fourth  longitudinal  commissiue  is  the  Tcenia 
semicircularis,  which  forms  part  of  the  same  system  of  fibres  with  the 
fornix ;  connecting  the  coi'pus  mammillare  and  thalamus  opticus  of  each 
side  with  the  middle  lobe  of  the  cerebral  hemisphere.  If,  as  Dr.  Todd 
has  remarked,*  we  could  take  away  the  corpus  callosum,  the  grey  matter 
of  the  internal  convolution,  and  the  ventricular  prominence  of  the  optic 
thalami,  then  all  these  commissures  would  fall  together,  and  woiild 
become  united  in  the  same  series  of  longitudinal  fibres. — Experiineut 
does  not  throw  any  light  upon  the  pai'ticular  functions  of  the  Corpus  Cal- 

"  "  Anatomy  of  the  Brain,  Spinal  Cord,"  &c.,  p.  234. 
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wsiim  and  other  Commissures ;  since  they  can  scarcely  be  divided  without 
>3vere  geneiul  injmy.  It  would  appear,  however,  that  the  partial  or 
•  ntire  absence  of  these  pai'ts,  reducing  the  Cerebrum  (in  this  respect  at 
,3ast)  to  the  level  of  that  of  the  Mai'supial  Quadruped,  or  of  the  Bird,  is 
yy  no  means  an  unfrequent  cause  of  deficient  intellectual  power.* 

777.  The  weight  of  the  entire  Encephalon  in  the  adult  Male  usually 
■vanges  between  40  and  GO.  oz.,  the  average  being  about  50  oz. ;  and  in  the 
fFeinale,  fi-om  36  to  50  oz.,  the  average  being  about  45  oz.  The  maxi- 
..mum  of  the  healthy  brain  seems  to  be  about  64  oz.,  and  the  minimum 
i about  31  oz.  But  in  cases  of  idiocy,  the  amount  is  sometimes  much 
i.aelow  this;  as  low  a  weight  as  20  ounces  having  been  recorded. — It 
appeai-s,  fi-om  the  recent  investigations  of  M.  Bourgery,  that  the  relative 

■  sizes  of  the  different  component  elements  of  the  Human  Encephalon  are 

■  somewhat  as  follows.    Dividing  the  whole  into  204  parts,  the  weight  of 
the  Cerebrum  will  be  represented  by  about  170  of  those  parts,  that  of 
:  the  Cerebellum  by  21,  and  that  of  the  Medulla  Oblongata  with  the  Optic 
Thalami  and  Corpora  Striata  at  13.    The  weight  of  the  Spinal  Cord 
■would  be,  on  the  same  scale,  7  parts.    Hence  the  Cerebral  Hemispheres 
of  Man  include  an  amount  of  nervous  matter,  which  is  four  times  that  of 
all  the  rest  of  the  Cranio-Spinal  mass,  more  than  eight  times  that  of  the 
Cerebellum,  tJiirteen  times  that  of  the  Medulla  Oblongata,  &c.,  and  twenty- 
four  times  that  of  the  Spinal  Cord. — The  average  weight  of  the  whole 
Encephalon,  in  proportion  to  that  of  the  body,  in  Man,  taking  the  average 
of  a  great  number  of  observations,  is  about  1  to  36.    This  is  a  much 
larger  proportion  than  that  which  obtains  in  most  other  animals;  thus 
the  average  of  Mammalia  is  stated  by  M.  Lem-et  to  be  1  to  186,  that  of 
Birds  1  to  212,  that  of  Reptiles  1  to  1321,  and  that  of  Fishes  1  to  5668. 
It  is  interesting  to  remark,  in  reference  to  these  estimates,  that  the  Ence- 

"  The  following  case  of  deficient  commissures,  recorded  by  Mr.  Paget  ("  Medico-Chirurg. 
Transactions,"  vol.  xxiv.),  is  of  m\ich  interest.  The  middle  portion  of  the  Fornix,  and  the 
whole  of  the  Septum  Lucidum,  were  absent ;  and  in  place  of  the  Corpus  Callosum,  there  was 
only  a  thin  fasciculated  layer  of  fibrous  matter,  1*4  inch  in  length,  but  of  which  the  fibres 
extended  to  all  the  parts  of  the  brain  into  which  the  fibres  of  the  healthy  corpus  callosum 
can  be  traced.  The  Middle  commissure  was  very  large  ;  and  the  lateral  parts  of  the  Fornix, 
with  the  rest  of  the  Brain,  were  quite  healthy.  The  patient  was  a  servant-girl,  who  died  of 
pericarditis.  She  had  displayed  during  her  life,  nothing  very  remarkable  in  her  mental 
condition,  beyond  a  peculiar  ivant  of  foretliouglit  and  power  of  judging  of  the  probable  event  of 
things.  Her  memory  was  good ;  and  she  possessed  as  much  ordinary  knowledge  as  is  com- 
monly acquired  by  persons  in  her  rank  of  life.  She  was  of  good  moral  character,  trustworthy, 
and  fully  competent  to  all  the  duties  of  her  station,  though  somewhat  heedless ;  her  temper 
was  good,  and  disposition  cheerful. — The  mental  deficiencies  in  most  of  the  few  other  cases  of 
which  the  det-iils  have  been  recorded,  seem  to  have  been  of  the  same  order;  and  this  is 
exactly  what  might  have  been  anticipated  ;  since  the  deprivation  of  these  parts  takes  away 
that,  which  is  most  characteristic  of  the  Cerebrum  of  Man  and  of  the  higher  Mammalia  • 
their  intellectual  operations  being  peculiarly  distinguished  by  that  application  of  past  erpc- 
rience  to  the  prediction  of  tJie  future,  which  constitutes  one  of  the  highest  efforts  of  Intelli- 
gence.— Another  case  has  been  since  put  on  record  by  Mr.  Mitchell  Henry  (Op.  cit,, 
vol.  xxxi.),  in  which  the  anterior  portion  of  the  Corpus  Callosum  was  deficient,  together 
with  the  middle  and  anterior  portion  of  the  Fornix,  and  the  whole  of  the  Septum  Lucidum, 
There  was  in  this  case,  also,  a  marked  intellectual  deficiency,  but  apparently  of  a  different 
character  from  that  which  showed  itself  in  the  preceding  case ;  for  instead  of  vivacity  and 
habitual  rapidity  of  action,  there  was  here  a  disproportionate  degree  of  slowness  in  action 
amounting  almost  to  stupidity.  The  difference  in  the  two  cases,  however,  is  perhaps  to  be 
set  down  rather  to  the  account  of  general  temperament ;  since  in  both  of  them  there  seems 
to  have  been  a  deficiency  in  the  power  of  carrying  on  a  continuous  train  of  thought. 
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phalic  prolongation  of  tlie  Medulla  Oblongata  in  Man  (being  about  one- 
sixteenth  of  the  weight  of  the  whole  Eucephalou)  is  alone  more  than 
twice  as  heavy  in  proportion  to  his  body,  as  the  entire  Encephalon  of 
Reptiles,  and  ten  times  as  heavy  as  that  of  Fish. — But  there  are  some 
animals  in  which  the  weight  of  the  Encephalon  bears  a  higher  proportion 
to  that  of  the  body  than  it  does  in  Man ;  thus  in  the  Blue-headed  Tit,  the 
proportion  is  as  1  to  12,  in  the  Goldfinch  as  1  to  24,  and  in  the  Field- 
Moiise  as  1  to  31.  It  does  not  hence  follow,  however,  that  the  Cerebrum 
is  larger  in  proportion ;  in  fact,  it  is  probably  not  nearly  so  large ;  for  in 
Birds  and  Rodent  Mammals,  the  Sensory  Ganglia  form  a  very  considerable 
proportion  of  the  entire  Encephalon.  The  importance  of  distinguishing 
between  the  several  pai'ts  of  this  mass,  which  are  mai'ked-o\it  as  distinct, 
alike  by  their  structure  and  connections,  as  by  the  history  of  their  de- 
velopment, has  not  been  by  any  means  sufl&ciently  attended  to. 

778.  The  Encephalon  altogether  receives  a  supply  of  Blood,  the  amount 
of  which  is  very  remarkable,  when  its  comparative  bulk  is  considered; 
the  proportion  which  goes  to  it  being,  according  to  the  estimate  of 
ITallcr,  as  much  as  one-fifth  of  the  whole.    The  manner  in  which  tliis 
blood  is  conveyed  to  the  brain,  and  the  conditions  of  its  distribution, 
olfcr  some  peculiarities  worthy  of  notice.    The  two  Vertebral  and  two 
Carotid  arteries,  by  which  the  blood  enters  the  cavity  of  the  cranium, 
have  a  more  free  communication  by  anastomosis,  than  any  similar  set  of 
arteries  elsewhere ;  and  this  is  obviously  destined  to  prevent  an  obstruc- 
tion in  one  trunk  from  interrupting  the  suj^ply  of  blood  to  the  paits 
tlu-ough  which  its  branches  are  chiefly  distributed, — the  cessation  of  the 
circulation  throiigh  the  nervous  matter  being  immediately  productive  (as 
formerly  shown,  §  355)  of  suspension  of  its  functional  activity. — Not  only 
must  there  be  a  sufficient  sujjply  of  blood,  but  it  must  make  a  regidated 
pressure  on  the  walls  of  the  vessels.    Now  the  Encephalon  is  differently 
circumstanced  from  other  vascular  organs,  in  being  enclosed  within  an 
\inyielding  bony  case  (§  533) ;  and  we  find  a  special  provision  for  equa- 
lizing the  bulk  of  the  contents  of  this  cavity,  and  for  counterbaxauciug 
the  results  of  difierences  in  the  functional  activity  of  the  brain  and  in  its 
supply  of  blood,  in  the  existence  of  a  fluid  which  is  found  beneath  the 
arachnoid,  both  on  the  sm-face  of  the  brain  and  spinal  cord,  and  in  the 
ventricles  of  the  former.    The  amount  of  this  '  cerebro-spinal  fluid'  seems 
to  average  about  two  ounces ;  but  in  cases  of  atrophy  of  the  brain,  as  much 
as  twelve  ounces  of  fluid  may  sometimes  be  obtained  from  the  cranio-spiual 
cavity ;  whilst  in  all  instances  in  which  the  bulk  of  the  brain  has  under- 
gone an  increase,  whether  from  the  production  of  additional  neiwous 
tissue,  or  from  undue  turgescence  of  the  vessels,  there  is  either  a  diminu- 
tion or  a  total  absence  of  this  fluid.    It  appears  from  the  experiments  of 
Magendie  (to  whom  our  knowledge  of  the  importance  of  this  fluid  is  chiefly 
due),  that  its  withdi-awal  in  living  animals  causes  great  disturbance  of  the 
cerebral  functions,  probably  by  allowing  rmdue  distension  of  the  blood- 
vessels; it  is,  however,  capable  of  being  very  rapidly  regenerated;  '"i"  j^^ 
reproduction  restores  the  nervous  centres  to  their  natural  state. — As  the 
'  cerebro-spinal  fluid'  can  readily  find  its  way  from  the  subarachnoid 
spaces  of  the  cranial  cavity  into  those  of  the  sinnal,  and  as  it  is  no  less 
readily  absorbed  than  reproduced,  it  evidently  serves  as  an  equahzer^  oi 
the  amount  of  pressure  within  the  cranial  cavity;  admittmg  the  dis- 
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tension  or  contraction  of  the  vessels  to  take  place,  witliin  certain  limits, 
without  any  considerable  cliange  in  the  degree  of  compression  to  which 
the  nervous  matter  is  subjected.  That  this  miiformitj  is  of  the  greatest 
importance  to  the  functional  exercise  of  the  brain,  is  evident  from  a  few 
well-known  facts.  If  an  aperture  be  made  in  the  skull,  and  the  pro- 
truding portion  of  the  brain  be  subjected  to  pressm-e,  the  immediate 
suspension  of  the  activity  of  the  whole  organ  is  the  result;  in  this  man- 
ner, a  state  resembling  profound  sleep  can  be  induced  in  a  moment,  the 
normal  activity  being  renewed  as  momentarily  so  soon  as  the  pressure  is 
withdrawn.  This  phenomenon  has  often  been  observed  in  the  Human 
subject,  in  cases  in  which  a  portion  of  the  cranial  envelope  has  been  lost 
by  disease  or  injmy.  The  various  symptoms  of  Cerebral  disturbance 
which  are  due  to  a  state  of  general  Plethora,  are  evidently  owing  to  an  excess 
of  pi-essure  within  the  vessels ;  but  an  undue  diminution  of  pressure  is  no 
less  injurious,  as  appears  from  the  disturbance  in  the  Cerebral  functions 
which  results  from  the  very  opjDosite  cause,  namely,  a  depression  of  the 
power  of  the  heart,  or  a  deficiency  of  blood  in  the  vessels. — It  is  of 
peculiar  importance  to  bear  in  mind  the  disturbance  of  the  Cerebral 
functions,  which  is  occasioned  by  internal  p)'essu7'e,  when  we  are  endea- 
vouring to  draw  inferences  from  the  phenomena  presented  by  disease. 

779.  We  shall  now  proceed  with  our  Physiological  inquiry  into  the 
functions  of  the  Cerebrum;  and  shall,  as  before,  apply  to  Human  and 
Comparative  Anatomy,  to  Experiment,  and  to  Pathology,  for  our  chief, 
data. — The  anatomical  relations  of  the  Cerebrum  to  the  other  Encephalic 
centres,  clearly  demonstrate  that  it  is  not  one  of  the  essential  or  fimda- 
mental  portions  of  the  Nervous  system;  but  a  superadded  organ,  re- 
ceiving all  its  impulses  to  action  from  the  parts  below,  and  operating 
upon  the  body  at  large  through  them.  And  its  great  bulk,  joined  to 
its  position  at  the  summit  of  the  whole  Apparatus, — the  vesicular  sub- 
stance of  its  convolutions  affording  a  termination  to  the  fibres  in  con- 
nection with  it,  and  not  being  merely  traversed  by  them,  as  is  the  case 
with  the  vesicular  svibstance  of  all  the  lower  centres, — clearly  mark  it 
out  as  the  highest  in  its  functional  relations,  and  as  ministering,  so  fixr 
as  any  material  instrument  may  do,  to  the  exercise  of  those  ysychicaj^ 
powers,  which,  in  Man,  exhibit  so  remarkable  a  predominance  over  the 
mere  animal  instincts.  This  conclusion  is  fully  boi'ue  out,  when  we 
extend  our  inquiries  from  Human  to  Comparative  Anatomy;  for  with 
some  apparent  exceptions,  which  there  would  probably  be  no  great  diffi- 
culty in  explaining  if  we  were  in  possession  of  all  the  requisite  data, 
there  is  a  very  close  correspondence  between  the  relative  development  of 
^l^G  Oerehrum  in  the  seycral_tAllK)S  of  Vertebrato^  aiid  the  degree  of  Iniel- 
loie nee  they  respectively  possess^ — using  the  latter  term  as  a  compi*§^ 
"KciiSive  expression  of "  {hat  seirles  ^f  mental  actions,  which  consists  in  the 
intentional  adaptation  of  m^g^p^  tO-fii^^sT^'^secI^i  definite  ideas  as  to'the 
nature  of  botlj.  It  is  the  essential  character  of  Tnstinctive'^G{iiSii^''/''&rtflG 
other  hand,  that  they  are  performed  automatically,  in  obedience  to 
internal  impulses,  without  even  the  perception  of  theirjidaptivencss  on 
the  ])art  of  the  being  who  is  the  agent  in  them;  thesFlra^mlscs  Tjcint*- 
culled  nito  play  l)y  impi-essions  orP"fTieTier'VOT(ra'"'System,  wliich  arc  made 
eiLlier  by  external  objects,  or  by  changes  in  the  individual  organism. 
The  justness  of  this  distijiction  becomes  obvious,  when  we  analyse  our 
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own  consciousness,  and  distinguish  our  own  Instinctive  actions  from 
those  which  involve  Intelhgence ;  for  we  are  tlnis  led  to  perceive  that,  in 
regard  to  those  operations  which  are  most  closely  concerned  in  the  main- 
tenance of  our  own  lives  and  in  the  continuance  of  the  race,  provision  has 
been  made  in  the  mechanism  of  the  Automatic  portion  of  our  nervous 
system,  so  as  to  render  them  independent  of  the  exercise  of  Intelligence 
or  the  exertion  of  Will  on  oiu"  own  parts.  Thus_  tlie  in^nt  seeks  the 
nipple,  and  puts  its  muscles  .in jactgrii^,^  ^^^9^ i  JYithqut  any  tnowle^e 
that  by  so  doing  it  will  veljp.vfi  f\]fi^  p^jpiggy  feeling  of  Himgei: ;  an3^if  we 
could  imagine  a  man  coming  into  the  world  with  the  fiill  possession  of  all 
his  faculties,  we  may  feel  tolerably  certain  that  he  would  not  wait  to  eat 
until  he  had  learned  by  experience  his  dependence  upon  food.  We  have 
seen  that  adidt  animals,  whoso  Cerebral  hemispheres  have  been  removed, 
will  eat  food  that  is  put  into  their  mouths,  although  they  will  not  go  to 
seek  it ;  and  this  is  the  case  with  many  Human  idiots.  When  the  func- 
tions of  the  Brain  are  disturbed,  or  in  partial  abeyance,  as  in  fever,  we 
often  see  a  remarkable  return  to  the  instinctive  propensities  in  regai-d  to 
food ;  and  the  Physician  freqvxently  derives  important  guidance  as  to  the 
patient's  diet  and  regimen  (pai-ticularly  as  to  the  administration  of  wine), 
from  the  inclination  or  disinclination  which  he  manifests.  So,  in  regard 
to  the  intercourse  of  the  sexes,  the  impulse  which  prompts  to  it  does  not 
arise  from  a  knowledge  of  the  ultimate  purposes  which  it  is  designed  to 
answer;  and  the  higher  powers  of  the  mind  are  only  so  far  concerned 
in  it,  that  when  the  action  of  the  instinctive  impulse  has  led  to  the 
formation  of  a  definite  idea  of  the  object  of  desire,  the  Intelligence  is 
prompted  to  take  means  for  its  gratification, 

780.  It  is  not  always  easy  to  say,  in  the  case  of  the  lower  animals, 
what  parts  of  their  actions  ai'c  to  be  attributed  to  automatic  impiilses 
(i.e.  to  be  considered  as  Instinctive),  and  what  should  be  regarded  as  the 
res\ilts  of  Intelligence.  Instinctive  actions,  however,  may  be  generally 
distinguished  from  those  which  are  directed  by  reason,  by  the  following 
characters: — (1)  Their  unvarying  constancy  in  the  different  individuals 
of  the  same  species,  and  the  absence  of  any  such  change  during  the  pro- 
gress of  life  or  in  the  succession  of  generations,  as  indicates  that  the 
original  plan  of  action  has  been  intentionally  depai*ted-from :  (2)  by  their 
occiu-rence  under  circumstances  which  altogether  forbid  the  idea  that 
any  past  experience  can  have  suggested  the  design,  or  that  in  carrying  it 
into  effect  there  has  been  a  gradual  perfectionizing  of  the  means;  these 
actions  being  performed  as  well  when  first  attempted,  as  after  the  most 
frequent  repetition :  (3)  by  their  occasional  performance  under  cii'cum- 
stances  in  which  the  least  Intelligence  woidd  indicate  their  absm-dity  as 
being  nugatory  for  the  ends  they  are  originally  destined  to  accomplish ; 
as  when  a  tame  Beaver  attempts  to  build  its  dam  across  a  room,  or  when 
a  community  of  Bees,  having  killed  their  Queen  because  she  only  lays 
drone-eggs,  attempts  to  make  a  new  queen  from  one  of  the  drone-larvao. 
The  character  of  Intelligent  actions,  on  the  other  hand,  is  shown  (1)  m 
the  variety  of  means  which  may  be  adopted  to  compass  the  same  cuds,  and 
this  not  merely  by  different  individuals  and  by  successive  genei-ations, 
but  by  the  same  individual  at  different  times ;  (2)  by  the  iniprovcment 
in  the  mode  of  accomplishing  the  object,  which  resiilts  from  the  intel- 
ligent use  of  experience,  and  from  the  greater  command  of  means  wlucn 
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is  progressively  attained;  and  (3)  by  the  conformity  of  the  means  to 
altered  circnmstanoes,  so  that  the  character  of  adaptiveness  is  still  main- 
tained, however  widely  the  new  conditions  may  dejDart  from  those  which 
must  be  considered  as  natural  to  the  species. 

781.  The  difference  between  actions  of  a  purely  Instinctive  character, 
and  those  which  proceed  from  the  Intellectual  faculties  prompted  by  the 
instinctive  propensities,  is  well  seen  in  comparing  Birds  with  Insects.  The 
Instinctive  tendencies  of  the  two  classes  are  of  nearly  the  same  kind  j  and 
the  usual  arts  which  both  exhibit  in  the  construction  of  their  habitations, 
in  procuring  their  food,  and  in  escaping  from  danger,  must  be  regarded  as 
intuitive,  on  account  of  the  uniformity  with  which  they  are  practised  by 
different  individuals  of  the  same  species,  and  the  perfection  with  which 
they  are  exercised  on  the  very  first  occasion.    But  in  the  adaptation  of 
then-  operations  to  peculiar  circumstances,  Birds  display  a  variety  and 
fertility  of  resoui'ce,  far  sm-passing  that  which  is  manifested  by  Insects ; 
and  it  can  scarcely  be  doubted  by  those  who  attentively  observe  their 
habits,  that  in  such  adaptations  they  are  often  guided  by  real  Intelligence. 
This  must  be  the  case,  for  example,  when  they  make  trial  of  several 
means,  and  select  that  one  which  best  answers  the  purpose;  or  when  they 
make  an  obvious  improvement  from  year  to  year  in  the  comforts  of  their 
dwelling;  or  when  they  are  influenced  in  the  choice  of  a  situation,  by 
peculiar  circumstances,  which,  in  a  state  of  nature,  can  scarcely  be  sup- 
posed to  affect  them.    The  complete  domesticability  of  many  Birds  is  in 
itself  a  proof  of  their  possessing  a  certain  degree  of  intelligence ;  but  this 
alone  does  not  indicate  the  possession  of  more  than  a  very  low  amount  of 
it;  since  many  of  the  most  domesticable  animals  are  of  the  humblest 
intellectual  capacity,  and  seem  to  become  attached  to  Man,  principally 
as  the  source  on  which  they  depend  for  the  supply  of  their  animal  wants. 
But  there  are  certain  tribes  of  Birds,  especially  the  Parrots  and  their 
allies,  which  possess  an  extraordinary  degree  of  educdbility,  and  which 
manifest  a  power  of  performing  simple  acts  of  reasoning,  that  are  quite 
comparable  with  those  of  a  child  when  first  learning  to  talk. — This  deve- 
lopment of  the  Intelligence  under  the  influence  of  Man,  and  in  accordance 
with  his  habits,  rather  than  with  the  original  habits  of  their  species,  is 
yet  more  remai'kable  in  the  case  of  those  Mammals  whose  instincts  lead 
them  to  attach  themselves  peculiarly  to  him,  and  whose  powers  of  reason- 
ing ai'e  called  forth  in  adapting  themselves  to  the  new  circumstances 
in  which  they  are  thus  placed.    The  actions  of  a  Dog,  a  Horse,  or  an 
Elephant  are  evidently  the  result,  in  many  instances,  of  a  complex  train 
of  reasoning,  difiering  in  no  essential  respect  from  that  which  Man  woidd 
perform  in  similar  circumstances;  so  that  the  epithet,  "  half-reasoning," 
commonly  applied  to  these  animals,  does  not  express  the  whole  truth ; 
for  their  mental  processes  are  of  the  same  Jcind  with  those  of  Man,  and 
differ  more  in  the  degree  of  control  which  the  animal  possesses  over  them 
than  they  do  in  their  own  character.    We  have  no  evidence,  however, 
that  any  of  the  lower  animals  have  a  voluntary  power  of  guidino- 
restraining,  or  accelerating  their  mental  operations,  at  all  similar  to  that 
which  Man  possesses ;  these  operations,  indeed,  seem  to  be  of  very  much 
the  same  character  as  those  which  wo  perform  in  our  dreams,  difterent 
trains  of  thought  commencing  as  they  are  suggested,  and  proceeding 

according  to  the  usual  laws,  until  some  other  disturb  them.  Altliouoh 
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it  is  customary  to  regard  the  Dog  and  the  Elephant  as  the  most  intel- 
ligent among  the  lower  animals,  it  is  not  certain  that  we  do  so  with 
justice ;  for  it  is  very  possible  that  we  are  misled  by  that  peculiar  attach- 
ment to  Man,  which  in  them  raust  be  termed  an  instinct,  and  which  enters 
as  a  motive  into  a  large  proportion  of  their  actions ;  and  that,  if  we  were 
more  acquainted  with  the  psychical  characters  of  the  higher  Quadrumana, 
we  shou.ld  find  in  them  a  greater  degree  of  mental  capability  than  we  now 
attribute  to  them.  One  thing  is  certain,  that  the  higher  the  degi-ee  of 
intelligence  which  we  find  chai'acteristic  of  a  particular  race,  the  greater 
is  the  degree  of  vai'iation  which  we  meet-with  in  the  characters  of  indi- 
viduals; thus  everybody  knows  that  there  ai-e  stupid  Dogs  and  clever 
Dogs,  ill-tempered  Dogs  and  good-tempered  Dogs, — as  there  are  stupid 
Men  and  clever  Men,  ill-tempered  Men  and  good-tempered  Men.  But 
no  one  could  distinguish  between  a  stupid  Bee  and  a  clever  Bee,  or 
between  a  good-tempered  Wasp  and  ill-tempered  Wasp,  simply  because 
all  their  actions  are  prompted  by  an  unvarying  instinct. 

782.  In  estimating  the  relative  development  of  the  Cerebrum  in  chf- 
ferent  tribes  of  Animals,  and  in  comparing  this  with  their  relative  Intelli- 
gence, it  must  be  borne  in  mind  that  the  size  of  the  organ  does  not,  consi- 
dered alone,  afford  a  means  of  accurate  judgment  as  to  its  2^ower.  For 
the  quantity  of  vesicular  matter  which  it  contains,  affords  the  only  fair 
criterion  of  the  latter;  and  of  this  we  must  judge,  not  merely  by  the 
superficial  ai'ea,  but  by  the  number  and  depth  of  the  convolutions,  and  by 
the  thickness  of  the  cortical  layer.    Again,  there  are  many  reasons  why 
it  is  not  fair  to  estimate  the  relative  development  of  the  Cerebi-um  by  the 
proportion  which  it  bears  to  the  whole  bulk  of  the  animal;  and,  on  the 
whole,  the  most  accurate  basis  of  comparison  would  probably  be  afforded 
by  the  relation  between  the  bulk  of  the  Cerebrum  and  the  diameter  of  the 
Spinal  Cord.     In  making  any  such  comparison,  however,  the  Thalami 
Oi^tici,  Corpora  Striata,  and  Corpora  Quadrigemina  should  be  excluded 
from  the  estimate,  for  reasons  now  sufficiently  apparent;  and  the  bulk  of 
the  Cerebrum  2}ro2)e)'  should  be  alone  determined,  either  by  weight,  or  by 
the  displacement  of  liqiud. —  But  the  Cerebrum  varies  in  different  classes 
and  orders  of  Vertebrata,  not  merely  in  projDortional  size,  but  also  in  the 
relative  development  of  its  anterior,  middle,  and  posterior  lobes.    This  is 
a  point  of  very  great  importance,  in  determining  the  value  to  be  assigned 
to  the  organological  system  of  Gall  and  Spurzheim  and  their  followers. 
The  Cerebrum  of  the  Oviparous  Vertebrata  is  7iot  a  miniature  representa- 
tive of  that  of  Man,  as  a  whole,  but  only  of  his  anterior  lobes ;  as  is  suffi- 
ciently obvious  from  an  examination  of  its  connections  with  other  parts, 
aud  from  the  absence  of  any  other  commissural  connections  between  its 
two  hemispheres,  than  those  which  ai'e  afforded  by  the  Sensory  Ganglia. 
It  is  in  the  Implacental  Mammals  that  we  find  the  first  rudimeut  of  the 
middle  lobes  of  the  Cerebrum,  and  of  the  proper  intercerebral  commis- 
sure, the  Corpus  Callosum ;  and  even  in  the  Rodents  this  is  but  very 
imperfectly  developed.    As  we  ascend  the  Mammalian  series,  we  find  the 
Cerebrum  becoming  more  and  more  elongated  posteriorly  by  the  develop- 
ment of  the  middle  lobes,  and  the  intercerebral  commissure  becomes 
more  complete;  but  we  must  ascend  as  high  as  the  Carnivora  before  we 
find  the  least  vestige  of  the  2^osterior  lobes ;  aud  the  rudiment  which 
these  possess,  and  which  is  enlarged  in  the  Quadrumana,  only  attains  its 
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full  development  in  Man,  in  whom  alone  the  posterior  lobes  extend  so  far 
backwardsjis^^oni^etei^ 

WrcfiTSis  yet  been  given  to  this  dcpai'tment  of  inquiry,  has  not  hitherto 
done  more  than  confirm  the  statement  already  made,  with  regard  to  the 
general  correspondence  between  the  development  of  the  Cerebrum  and 
the  manifestations  of  Intelligence;  very  decided  evidence  of  which  is 
furnished  by  the  great  enlargement  of  the  Cerebrum,  and  the  corre- 
sponding alteration  in  the  form  of  the  Cranium,  which  present  themselves 
in  those  races  of  Dogs  most  distinguished  for  their  educability,  when 
compared  wdth  those  whose  condition  approximates  most  closely  to  what 
was  probably  their  original  state  of  wildness. 

783.  This  general  inference  drawn  from  -Comparative  Anatomy,  is 
borne-out  by  observation  of  the  Human  species.  When  the  Cerebrum  is 
fully  developed,  it  offers  innumerable  diversities  of  form  and  size  among 
various  individuals ;  and  there  are  as  many  diversities  of  character.  It 
may  be  doubted  if  two  individuals  were  ever  exactly  alike  in  this  respect. 
That  a  Cerebrum  which  is  greatly  under  the  average  size,  is  incapable  of 
pcrfoi-ming  its  j)roper  functions,  and  that  the  possessor  of  it  must  neces- 
sarily be  more  or  less  idiotic,  there  can  be  no  reasonable  doubt.  On  the 
other  hand,  that  a  large  well-developed  Cerebrum  is  found  to  exist  in 
persons,  who  have  made  themselves  conspicuous  in  the  world  in  virtue 
of  their  intellectual  achievements,  may  be  stated  as  a  proposition  ot 
equal  generality.  In  these  opposite  cases,  we  witness  most  distinctly  the 
antagonism  between  the  Instinctive  and  Voluntary  powers.  Those  unfor- 
timate  beings,  in  whom  the  Cerebrum  is  but  little  developed,  are  guided 
almost  solely  by  their  instinctive  tendencies ;  which  frequently  manifest 
themselves  with  a  degi-ee  of  strength,  that  would  not  have  been  supposed 
to  exist :  and  occasionally  new  instincts  present  themselves,  of  which  the 
Human  being  is  ordinarily  regarded  as  de'stitute.t  On  the  other  hand, 
those  who  have  obtained  most  influence  over  the  understandings  of  others, 
have  always  been  lai'ge-brained  persons,  of  strong  intellectual  and  voli- 
tional powers,  whose  emotional  tendencies  have  been  subordinated  to  the 
reason  and  will,  and  who  have  devoted  their  whole  energy  to  the  j)arti- 
cular  objects  of  their  pursuit. — ^It  is  very  difl'erent,  however,  with  those 
who  are  actuated  by  what  is  ordinarily  termed  genius;  and  whose  in- 
fluence is  i-ather  upon  the  feelings  and  intuitions,  than  upon  the  under- 
standings, of  others.    Such  persons  are  often  very  deficient  in  the  power 

*  It  has  been  asserted  by  the  followers  of  Gall,  that  the  development  of  the  Cerebrum 
from  behind  forwards,  as  above  described,  is  rather  apparent  than  real ;  the  whole  organ 
being  in  fact  pushed  backwards  by  the  excessive  development  of  the  anterior  lobe.  But  the 
anatomical  distinction  between  the  anterior  and  middle  lobes  is  sufficiently  obvious  exter- 
nally ;  and  that  of  the  middle  and  posterior  lobes  is  also  clearly  marked-out  by  the  develop- 
ment of  the  posterior  cornua  of  the  lateral  ventricles,  and  the  situation  of  the  Jiippocampus 
major.  Hence  the  facts  above  stated  do  not  admit  of  any  such  interpretation  ;  and  they  are 
fully  borne-out  by  the  histoiy  of  the  Embryonic  development  of  the  Cerebrum  in  Man,  which 
precisc^iy  follows  the  above  plan. — It  is  not  here  denied  that  the  anterior  lobe  of  the  Iluman 
Cerebrum  is  remarkable  for  its  great  extension  forwards;  but  still,  the  difference  between 
the  Cerebrum  of  Man  and  that  of  the  lower  Mammalia  consists  much  rather  in  the  propor- 
tional development  of  the  posterior  lobes,  than  in  that  of  the  anterior. 

+  A  remarkable  instance  of  this  was  published  some  years  since. — A  perfectly  idiotic  girl, 
in  Paris,  having  been  seduced  by  some  miscreant,  was  delivered  of  a  cliild  without  assistjvnce; 
and  it  was  found  that  she  had  (j7iawed  the  umbilical  cord  in  two,  in  the  same  manner  as  is 
practised  ))y  the  lower  animals.  It  is  scarcely  to  be  supposed  that  she  had  any  idea  of  the 
ohjtcl  of  this  separation. 
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of  even  comprehending  the  ordinaiy  affairs  of  life;  and  still  more  com- 
monly, they  show  an  extreme  want  of  judgment  in  the  management  of 
them,  being  under  the  immediate  influence  of  theii-  passions  and  emotions, 
which  they  do  not  sufi&ciently  endeavour  to  control  by  their  intelligent 
will.  The  life  of  a  '  genius,'  whether  his  bent  be  towards  poetry,  music, 
painting,  or  pursuits  of  a  more  material  character,  is  seldom  one  which  can 
be  held  up  for  imitation.  In  such  persons,  the  general  power  of  the  mind 
being  low,  the  Cerebrum  is  not  usually  found  of  any  great  size. — The  viere 
comparative  size  of  the  Cerebrum,  however,  affords  no  accurate  measure 
of  the  amount  of  mental  power;  we  not  unfrequently  meet  with  men 
possessing  large  and  well-formed  heads ;  whilst  their  physical  capability  is 
not  greater  than  that  of  others,  the  dimensions  of  whose  crania  have  the 
same  general  proportion,  but  ai'C  of  much  less  absolute  size.  Lai-ge 
brains,  with  deficient  activity,  ai'e  commonly  found  in  persons  of  Avhat 
has  been  termed  the  phlegmatic  temperament,  in  whom  the  general  pro- 
cesses of  life  seem  in  a  torpid  and  indolent  state ;  whilst  small  brains  and 
great  activity,  betoken  what  arc  known  as  the  sanguine  and  nervous 
temperaments. 

784.  Having  now  inquired  into  the  evidence  of  the  general  functions  of 
tlio  Cerebrum,  which  may  be  derived  from  examination  of  its  Compara- 
tive development,  we  proceed  to  our  other  som-ces  of  information.  Expe- 
riment and  Pathological  phenomena.  From  neither  of  these,  however, 
is  much  positive  information  to  be  derived. — The  results  of  partial  muti- 
lations are  usiially,  in  the  first  instance,  a  general  disturbance  of  the 
Cerebral  functions  ;  which  subsequently,  liowever,  more  or  less  subsides, 
leaving  but  little  appai'cnt  affection  of  the  animal  functions,  except  mus- 
cular Aveakness.  The  whole  of  one  Hemisphere  has  been  removed  in  this 
way,  without  any  evident  consequence,  save  a  temporary  feebleness  of  the 
limbs  on  the  opposite  side  of  the  body,  and  what  was  supposed  to  be  a 
deficiency  of  sight  tlii'ough  the  opposite  eye.  The  former  was  speedily 
recovered-from,  and  the  animal  performed  all  its  movements  as  well  as 
before ;  the  latter,  however,  was  permanent,  but  the  pupil  remained 
active.  When  the  upper  part,  only,  of  both  Cerebral  Hemispheres  was 
removed  by  Hertwig,  the  animal  was  reduced,  for  fifteen  days,  to  nearly 
the  same  condition  with  the  one  from  which  they  had  been  altogether 
withdrawn;  but  afterwards,  sensibihty  evidently  returned,  and  the  mus- 
cular power  did  not  appear  to  be  much  diminished.  —  The  effects  of  the 
entire  removal  of  the  Cerebral  Hemispheres  have  been  already  stated 
(§  734).  So  far  as  any  inferences  can  be  safely  drawn  from  them,  these 
fidly  bear  out  the  conclusion,  that  the  Cerebrum  is  the  organ  of  Intelli- 
gence ;  since  the  animals  which  have  suffered  this  mutilation  appear  to 
be  constantly  plunged  in  a  profound  sleep,  from  which  no  irritation  ever 
seems  able  to  arouse  them  into  full  activity,  although  they  give  manifesta- 
tions of  consciousness.  It  would  be  wrong  hence  to  infer,  however,  as  some 
have  done,  that  such  would  be  the  natvu-al  condition  of  an  animal  with- 
out a  Cerebrum;  since  it  is  obvious  that  much  of  the  disturbance  of  the 
sensorial  powers  which  is  occasioned  by  this  operation,  is  fan-ly  attri- 
butable to  the  laying-open  of  the  cranial  cavity,  to  the  disturbance  of  the 
normal  vascular  pressm-e,  and  to  the  injury  necessarily  done  to  the  parts 
which  arc  left,  by  their  severance  from  the  Cerebrum.  Hence  tlie  persis- 
tence of  consciousness,  after  the  entire  removal  of  the  Cerebrum,— whicli 
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proves  that  the  Cerebimm  is  not  its  seat,  or  at  least  7iot  its  exclusive  seat, 
— is  a  fai*  more  important  fact  than  the  positive  destruction  of  psychical 
power  which  is  consequent  upon  the  operation.  So  far  as  they  can  be 
trusted,  however,  the  results  of  such  mutilations  bear  out  the  views 
already  put  forth  as  to  the  superadded  and  non-essential  character  of  the 
Cerebrum;  and  justify  us  in  applying  to  the  higher  animals  the  infer- 
ences to  which  we  should  be  led  by  the  contemplation  of  those  forms  of 
the  nervous  system  in  which  no  Cerebrum  exists.  There  is  nothing, 
therefore,  to  oppose  the  conclusion,  that  whilst  sensations  may  be  felt,  and 
sensori-motor  actions  excited,  independently  of  the  Cerebrum,  the  pre- 
sence of  this  organ  is  essential  to  the  formation  of  ideas  or  notions 
respecting  the  objects  of  sense,  and  to  the  performance  of  those  psychical 
operations  to  which  ideas  furnish  at  once  the  material  and  the  stimulus 
to  activity.* 

785.  The  information  afforded  by  Pathological  phenomena  is  equally 
far  from  being  definite.  Many  instances  are  on  record,  in  which  extensive 
disease  has  occurred  in  one  Hemisphere,  so  as  almost  entirely  to  destroy 
it,  without  either  any  obvioiis  injury  to  the  mental  powers,  or  any  inter- 
ruption of  the  influence  of  the  mind  upon  the  body.  But  there  is  no 
case  on  record,  of  any  such  severe  lesion  of  both  hemispheres,  in  which 
morbid  phenomena  w'ere  not  evident  during  life.  It  is  true  that,  in 
Chronic  Hydi'ocephalus,  a  very  remarkable  alteration  in  the  condition  of 
the  Brain  sometimes  presents  itself,  which  might  d  j^rio^-i  have  been  sup- 
posed destructive  to  its  power  of  activity;  the  ventricles  being  so  enor- 
mously distended  with  fluid,  that  the  cerebral  matter  has  seemed  like  a  thin 
lamina,  spread  over  the  interior  of  the  enlarged  cranium.  But  there 
is  no  proof  that  absolute  destruction  of  any  part  was  thus  occasioned; 
and  it  would  seem  that  the  very  gradual  natm-e  of  the  change,  gives 
to  the  structure  time  for  accommodating  itself  to  it.  This,  in  fact,  is  to 
be  noticed  in  all  diseases  of  the  Encephalon.  A  sudden  lesion,  that  may 
be  so  trifling  as  to  escape  observation,  unless  this  be  very  carefully  con- 
ducted, will  occasion  very  severe  symptoms;  whilst  a  chronic  disease  may 
gi-adually  extend  itself,  without  any  external  manifestation.  It  will 
usually  be  found  that  sudden  paralysis,  of  which  the  seat  is  in  the  Brain, 
results  from  some  slight  eflFusion  of  blood  in  the  substance  or  in  the 
neighbourhood  of  the  Corpora  Striata ;  whilst,  if  it  follow  disorder  of  long 
standing,  a  much  greater  amount  of  lesion  will  usually  present  itself. 
In  either  case,  the  paralysis  occurs  in  the  opposite  side  of  the  bodt/,  as  we 
should  expect  from  the  decussation  of  the  Pyramids;  but  it  may  occur 
either  on  the  same,  or  on  the  opposite  side  of  the  face, — the  cause  of  which 
is  not  very  apparent.  If  convulsions  accompany  the  paralysis,  we  may 
infer  that  the  Coi-pora  Quadrigemina,  or  the  parts  below,  are  involved  in 
the  injury;  and  in  this  case  it  is  usually  found  that  the  convulsions  are 
on  the  paralysed  side  of  the  body, — the  effect  of  the  lesion,  both  of  the 
Cerebrum  and  of  the  Corpora  Quadrigemina,  being  propagated  to  the  oppo- 
site side,  by  the  decussation  of  the  Pyramids.  Where,  as  not  unfrequently 
happens,  there  is  paralysis  of  one  side,  accompanying  convulsions  on  the 

*  It  is  worthy  of  remark,  that  M.  Flourens,  who  in  the  first  instance  maintained  that 
sensation  is  altogether  destroyed  by  tlie  removal  of  the  Cerehrum,  has  substituted,  in  the 
Second  Edition  of  his  Researches,  the  word  perception  for  sensation;  apparently  implvinir 
exactly  what  is  maintained  above. 
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Other,  it  is  commonly  tlie  result  of  a  lesion  affecting  the  base  of  the 
Brain  and  Medulla  Oblongata,  on  the  side  on  which  the  convulsions  take 
place ;  here  the  effect  of  the  lesion  has  to  m^oss  from  the  Brain,  whilst  its 
influence  on  the  Medulla  Oblongata  is  shown  on  the  same  side.  Many 
anomalies  present  themselves,  however,  which  ai-e  by  no  means  easy  of 
explanation,  in  the  present  state  of  our  knowledge. — The  disturbance  of 
the  Cerebral  functions,  occasioned  by  those  changes  in  its  nutrition 
which  are  commonly  included  under  the  general  term  of  Inflammation, 
jiresents  a  marked  diversity  of  character,  according  to  the  part  it  affects. 
Thus  it  is  weU  known  that  the  delirium  of  excitement  is  usually  a  symp- 
tom of  iuflammation  of  the  cortical  substance,  or  of  the  membranes  of  the 
hemispheres.  This  is  exactly  what  a-iight  be  anticipated  from  the  fore- 
going premises,  since  this  condition  is  a  perversion  of  the  ordinary 
mental  operations,  which  are  dependent  upon  the  instrumentality  of  the 
vesicular  matter :  and  it  is  evidently  impossible  for  the  membranes  to  he 
aifected  with  inflammation,  withoiit  the  nutrition  of  this  substance  being 
impaired,  since  it  derives  all  its  vessels  directly  from  them.  On  the  other 
liaud,  inflammation  of  the  fibrous  portion  of  the  Cerebrum  is  usually 
attended  rather  with  a  state  of  torpoi',  than  with  excitement;  and  with 
diminished  power  of  the  will  over  the  muscles.  It  is  stated  by  Foville, 
that  in  acute  cases  of  Insanity,  he  has  usually  found  the  cortical  sub- 
stance intensely  red,  but  without  adhesion  to  the  membranes ;  whilst  in 
chronic  cases,  it  is  indurated  and  adherent :  but  where  the  insanity  has 
been  complicated  with  Paralysis,  he  has  usually  found  the  medidlaiy 
portion  indm-atod  and  congested. 

786.  The  general  result  of  such  investigations  is,  that  the  Cerebrum  is 
the  instrument  of  all  those  psycMcal  operations,  which  we  include  under 
the  general  term  Intellectual,  whilst  it  also  affords,  in  part  at  least,  the 
instrumental  conditions  of  Emotional  states  (using  this  term  in  its  widest 
sense) ;  and  that  all  those  muscular  movements  which  result  ft'om  volun- 
tary determinations,  or  which  are  directly  consequent  upon  emotional 
excitement,  have  their  origin  in  its  vesicular  substance,  though  the  motor 
impulse  is  immediately  furnished  by  the  Automatic  apparatus,  upon  which 
the  Cerebrum  plays  (§  757). — All  the  operations  of  the  Mind  are  origin- 
ally dependent  upon  the  reception  of  Sensations.  If  it  were  possible  for 
a  Human  being  to  come  into  the  world,  with  a  Brain  perfectly  prepared 
to  be  the  instruijient  of  psychical  operations,  but  with  all  the  inlets  to 
sensation  closed,  we  have  every  reason  to  believe  that  the  Mind  would  re- 
main dormant,  like  a  seed  buried  deep  in  the  earth.  The  attentive  study 
of  cases,  in  which  there  is  congenital  deficiency  of  one  or  more  sen- 
sations, makes  it  evident  that  the  Mind  is  utterly  incapable  of  forming 
any  definite  ideas,  in  regard  to  those  properties  of  objects,  of  which  those 
particular  sensations  are  adapted  to  take  cognisance.  Thus  the  man  who 
is  born  blind  can  form  no  conception  of  colour;  nor  the  congeuitally- 
deaf,  of  musical  tones.  And  in  those  lamentable  cases,  in  which  the 
sense  of  touch  is  the  only  one  through  which  ideas  can  be  introduced,  it 
is  evident  that  the  mental  operations  must  remain  of  the  simplest  and 
most  limited  character,  if  the  utmost  attention  be  not  given  by  a  judicious 
instructor,  to  the  development  of  the  intellectual  foculties,  and  the  culti- 
vation of  the  moral  feelings,  through  that  restricted  class  of  ideas  which 
there  is  a  possibility  of  exciting.— The  activity  of  the  Mind,  then,  is  just 
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as  much  the  result  of  its  consciousness  of  external  impressions,  by  which 
its  fiiculties  are  called  into  play,  as  the  Life  of  the  body  is  dependent  upon 
the  appropriation  of  nutrient  materials,  and  the  constant  influence  of 
external  forces.  But  there  is  this  difference  between  the  two  cases, — that 
whilst  the  Body  continually  requires  new  materials  and  a  continued 
:  action  of  external  agencies,  the  Mind,  when  it  has  been  once  called  into 
:  activity,  and  has  become  stored  with  ideas,  may  remain  active,  and  may 
.  develope  new  relations  and  combinations  amongst  these,  after  the  com- 
plete closure  of  the  sensorial  inlets  by  which  new  ideas  can  be  excited  ab 
externo.  Such  is,  in  fact,  what  is  continually  going  on  in  the  state 
of  Dreaming;  but  examples  yet  more  remarkable  are  furnished  in  the 
vivid  conceptions  which  may  be  formed  of  a  landscape  or  a  picture,  from 
oral  description,  by  those  who  have  once  enjoyed  sight;  or  in  the  compo- 
sition of  music,  even  such  as  involves  new  combinations  of  sounds,  by  those 
who  have  become  deaf, — as  in  the  well-known  case  of  Beethoven.  The 
mind  thus  feeds,  as  it  were,  upon  the  store  which  has  been  laid  up  during 
the  activity  of  its  sensory  organs ;  but  instead  of  diminishing,  like  material 
food,  these  ideas  become  more  and  more  vivid,  the  oftener  they  are  made 
the  subjects  of  attention. 

787.  The  seat  of  the  Sensational  Consciousness,  as  already  shown,  is  in- 
dicated by  a  large  mass  of  evidence  to  lie  in  the  Sensory  Ganglia,  which 
are  the  real  centres  of  the  Nerves  of  Sense;  and  we  may  fairly  conclude 
that,  when  not  interrupted  in  the  upward  course  already  indicated,  the 
changes  which  occm-  there  give  rise  to  a  new  excitement  of  nerve-force, 
which  is  propagated  along  the  ascending  nerve-fibres  to  the  vesicular 
matter  that  forms  the  surface  of  the  Cerebral  Hemispheres ;  and  that  it 
is  only  when  they  arrive  at  the  vdtimate  termination  of  these  fibres  in  the 
latter,  that  these  impressions  give  rise  to  those  changes  which  are  in  tlie 
fii'st  instance  instrumental  in  the  formation  of  /cZeas,*  and  subsequently 
in  the  higher  Intellectual  Ojyerations.  These  operations  themselves 
become  the  som-ce  of  new  changes  in  the  condition  of  the  Nervoiis  sub- 
stance ;  and  an  excitation  of  nerve-force  takes  place  as  their  result,  which, 
transmitted  downwards  to  the  sensorial  tract  at  the  base  of  the  Cere- 
bnim,  gives  rise  through  it  to  respondent  movements  (§  759). — Now  it 
is  an  inquu-y  of  considerable  interest,  both  in  its  psychological  and  its 

*  The  Author  cannot  here  enter  into  the  discussion  which  has  been  the  suhjcct  of  so 
many  abstruse  and  laboured  Metaphysical  discussions,  how  far  Ideas  ar«  to  be  considered  as 
'transformed  sensations,'  or  as  'states  or  affections  of  the  consciousness'  which,  though 
primarily  excited  by  sensations,  may  have  nothing  in  common  with  them.  It  will  be  suffi- 
cient for  him  to  express  his  own  conviction,  that  the  latter  is  the  only  consistent  mode  of 
viewing  the  subject ;  and  that  the  Idea  can  no  more  correctly  be  described  as  a  '  transformed 
sensfition,'  than  sensation  itself  could  be  designated  as  a  transformed  impression.  The  one  is 
antecedent,  the  other  consequent;  the  one  is  the  force  which,  acting  on  a  certain  prepared 
organization,  evokes  a  further  change,  just  as  a  mechanical  or  electrical  stimulus  applied  to  a 
muscle  calls  it  into  contraction. — The  notion  of  Condillac  and  the  Sensational  School  of  Psy- 
chologists, that  ideas  are  '  transformed  sensations,'  appears  to  have  been  based  upon  the  con- 
sidonition  of  those  ideas  alone  which  are  most  nearly  allied  to  Sensations  in  tlieir  nature, 
being  the  immediate  psychical  representations  of  objective  or  concrete  realities.  But  it  cannot 
be  legitimately  held  of  those  abstract  or  general  ideas,  whicli  have  no  objective  reprosentii- 
tives,  and  which  are  the  products  of  mental  operations  that  are  by  no  means  truly  described 
by  the  term  tramformaiion.  Thus  the  idea  of  the  invariability  of  the  laivs  of  Nature  arises 
out  of  a  constant  succession  of  new  and  diversified  phenomena;  as  has  been  beautifully  sliown 
by  Prof.  Oersted,  in  his  Essay  on  'The  Spiritual  in  the  Material,'  which  forms  "the  first 
section  of  his  Treatise  on  "  The  Soul  in  Nature,"  recently  given  to  the  English  public. 
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physiological  relations,  whether  the  Cerebrum  is  itself  endowed  with 
consciousness;  that  is,  whether  we  become  conscious  of  changes  which 
take  place  in  the  condition  of  its  substance,  so  long  as  these  changes 
are  limited  to  itself.  At  first  sight  it  would  appear  to  be  a  very 
startling  proposition,  that  the  orgun  of  the  intellectual  operations  is  not 
itself  endowed  with  consciousness ;  but  a  careful  consideration  of  its  rela- 
tions to  the  Sensory  Ganglia  will  tend  to  show  that  there  is  no  a  priori 
absurdity  in  such  a  notion.  For  if  the  relation  of  the  vesicular  matter 
of  the  Cerebral  Hemispheres  to  the  Sensorial  Centres,  be  anatomically 
the  same  as  that  which  is  borne  to  these  centres  by  the  Retina,  or  by 
any  other  peripheral  expansion  of  vesicular  matter  in  an  organ  of  sense, 
which  we  have  seen  that  it  is  (§  753),— and  if  the  same  kind  of  change 
may  be  excited  in  the  Sensorial  Centres  by  an  impression  from  each  source, 

Fig.  137. 


Diagram  of  the  mutual  relations  of  the  principal  Encephalic  centres,  as  shown  in  n  vertical 
section: — a,  Cerebrum;  b,  Cerebellum;  Cj.  Sensori-niotor  tract,  including  the  Olfactive  gan- 
glion olf,  the  Optic  opt,  and  the  Auditory  (t«Sf '(Htlrtttfe'TKaraffli  Optici  thai,  and  the  Corpora 
Striata  cs;  d,  IVIefluila  Oblongata;  e,  Spinal  Cord; — a,  olfactive  nerve;  fi,  optic;  c,  auditory; 
(i,  pneuniogastric ;  e,  hypoglossal;  /,  spinal:  fibres  of  the  medullary  substance  of  the  cerebrum 
are  shown,  connecting  its  ganglionic  surface  with  the  sensori-motor  tract. 

which  has  been  shown  to  be  a  matter  of  common  occuiTcnce  (§  758), 
— it  can  scarcely  be  deemed  unlikely  that  the  Sensorial  Centres  should 
be  the  seat  of  consciousness,  not  merely  of  the  impressions  transmitted  to 
them  by  the  nerves  of  the  external  senses,  but  also  of  the  impressions 
brought  to  them  by  the  '  nerves  of  the  internal  senses,'  as  the  sagacious 
Reil  designated  the  radiating  fibres  of  the  Cerebral  Hemispheres.  And 

*  It  is  interesting  to  observe  how  remnrkably  this  view  is  confirmed  bj' the  history  of 
Development.  For  the  Retina,  like  the  cortical  substance  of  the  Cerebrum,  is  a  vesicular 
expansion  originally  detached  from  the  Sensory  Ganglia,  and  gradually  carried  to  a  greater 
and  greater  distance  from  them  ;  but  still  remaining  connected  by  the  connnissural  tract  o^ 
white  fibres,  which  we  call  in  the  one  case  the  Optic  Nerve,  and  in  the  other  the  Medullary 
substance  of  the  Hemispheres. 
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there  is  on  the  other  hand  an  a  priori  improbability  that  there  should  be 
two  seats  of  consciousness,  so  far  removed  from  one  another  as  the  Sen- 
sory Ganglia  and  the  vesicular  surface  of  the  Hemispheres  (for  to  their 
medidlary  substance  no  such  attribute  can  be  assigned  with,  the  least 
probability) ;  an  idea  which  is  quite  at  vai-iance  with,  that  very  simple 
and  familiar  class  of  phenomena,  which  consists  in  the  recollection  of  sen- 
sations (§  812).  For  the  remembered  sensation  is  so  completely  the  repeti- 
tion of  the  original,  that  we  can  hardly  suppose  the  seat  of  the  two  to  be 
different ;  yet  the  act  of  recollection  is  clearly  Intellectual,  and  therefore 
Cerebral  j  consequently,  if  we  admit  that  the  Sensory  Ganglia  are  the 
seat  of  the  original  sensation,  we  can  scarcely  but  admit  that  they  are 
also  the  seat  of  that  which  is  reproduced  by  a  Cerebral  act, — a  view 
which  is  fully  confinned  by  the  occurrence  of  automatic  movements  as 
consequences  of  its  recal  (§  758).  But  further,  we  shall  hereafter  find 
evidence  to  the  same  effect,  in  our  experience  of  the  occasional  evolution 
of  results,  such  as  ordinarily  proceed  from  intellectual  action,  without 
any  consciousness  on  our  own  parts  of  the  steps  whereby  these  are  at- 
tained (§§  813,  818,  819). 

788.  Without  presuming,  then,  to  affirm  positively  what  cannot  be 
proved,  it  may  be  stated  as  a  probable  inference  from  the  Physiological  facts 
already  referred-to,  and  from  the  Psychological  evidence  hereafter  to  be 
adduced,  that  the  Sensory  Ganglia  constitute  the  seat  of  consciousness,  not 
merely  for  impressions  on  the  Organs  of  Sense,  but  also  for  changes  in  the 
cortical  substance  of  the  Cerebrum ;  so  that,  until  the  latter  have  reacted 
downwards  uj)on  the  Sensorium,  we  have  no  consciousness  either  of  the 
formation  of  ideas,  or  of  any  intellectual  process  of  which  these  may  be 
the  subjects.  Ideas,  emotions,  intellectual  operations,  &c.  have  of  late 
been  frequently  designated  as  'states  of  consciousness;'  and  this  psycho- 
logical description  of  them  is  in  full  harngony  with  the  physiological 
account  here  given  of  the  material  conditions  under  which  they  respec- 
tively occur.  For  a  Sensation  being  a  state  of  consciousness  excited 
through  the  intermediation  of  the  Sensorium,  by  a  certain  change  {e.g.)  in 
the  condition  of  the  Retina,  it  is  not  difficult  to  understand  how  a  change 
in  the  condition  of  the  Cerebrum  may  excite,  through  the  same  instru- 
mentality, that  state  of  consciousness  which  may  be  termed  Ideational,* 
or  that  another  change  may  produce  the  Emotional  Consciousness,  another 
the  Intuitional  Consciousness,  another  the  Logical  Consciousness.  And 
although  it  may  be  thought  at  first  sight  to  be  a  departure  from  the  sim- 
plicity of  Nature,  to  suppose  that  the  Cerebrum  should  require  another 
organ  to  give  us  a  consciousness  of  its  operations,  yet  we  have  the  know- 
ledge that  the  Eye  does  not  give  us  visual  consciousness,  nor  the  Ear 
auditory  consciousness,  unless  they  be  connected  with  the  Sensory  Gan- 
glia ;  and  in  the  end  (the  Author  feels  a  strong  assurance)  it  will  be  found 
much  simpler  to  accept  the  doctrine  of  a  common  centre  for  sensational 

"  The  Author  ventures  to  use  this  term,  the  meaning  of  which  requires  no  explanation,  on 
the  authority  of  Mr.  James  Mill,  who  remarks, — "As  we  say  Sensation,  we  might  also  say 
Ideation;  it  would  be  a  very  useful  word;  and  there  is  no  objection  to  it,  except  the  pedantic 
habit  of  decrying  a  new  term.  Sensation  is  the  general  name  for  one  part  of  our  constitution 
[or  rather,  for  one  state  of  our  consciousness],  Ideation  for  another."  ("  Analysis  of  the 
Human  Mind,"  vol.  i.  p.  42.) — If  the  use  of  the  substantive  Ideation  be  admitted,  there  can 
be  no  rca.sonable  objection  to  the  adjective  ideational. 
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and  for  what  may  be  distinguished  sis  mental  consciousness,  than  to 
regard  the  two  centres  as  distinct.* — We  shall  now  proceed  with  a  brief 
analysis  of  the  operations  of  which  the  Cerebrum  is  the  instrument; 
considering  them  in  the  ascending  series,  as  founded  upon  Sensational 
changes. 

789.  Neither  the  operation  of  the  Intellectual  Powers,  nor  Emotional 
excitement,  is  imynediately  called-forth  by  the  Sensational  Consciousness; 
for  if  we  do  not  advance  beyond  this,  we  merely  I'ecognize  the  fact  that 
certain  changes  have  occurred  in  oiu-  own  'subjective'  state,  and  do  not 
refer  these  changes  to  any  external  or  '  objective'  source.  Of  this  we 
occasionally  meet  with  examples  among  the  phenomena  of  dreaming,  and 
in  some  of  the  conditions  I'esultiug  fi-om  the  use  of  Anaesthetic  agents; 
for  if  we  fall  asleep  whilst  suffering  from  bodily  pain,  we  may  entirely 
lose  all  perception  of  the  cause  of  that  pain  as  having  its  seat  in  our  own 
bodily  fiibric,  and  yet  remain  conscious  of  a  ]3crturbed  state  of  feeling ; 
and  when  a  surgical  operation  is  performed  in  a  state  of  incomplete 
Anresthesia,  it  is  obvious  that  pain  is  felt  without  any  distinct  conscious- 
ness of  its  source,  and  the  patient  may  subsequently  describe  his  state  as 
an  uneasy  dream.  Such,  it  is  probable,  is  the  condition  of  the  Infant  at 
the  commencement  of  its  psychical  life.  "  If,"  as  has  been  well  remarked 
by  Mr.  MoreIl,t  "  we  could  by  any  means  transport  ourselves  into  the 
mind  of  an  infant  before  the  perceptive  consciousness  is  awakened,  we 
should  find  it  in  a  state  of  absolute  isolation  from  everything  else  in  the 
world  around  it.  Whatever  objects  may  be  pi-esented  to  the  eye,  the  car, 
or  the  touch,  they  are  treated  simply  as  subjective  feelings,  without  the 
mind's  possessing  any  consciousness  of  them  as  objects  at  all.  To  it,  the 
inward  world  is  everything,  the  outward  world  is  nothing.'''' — However  dif- 
ficult it  may  be,  under  the  influence  of  our  life-long  experience,  to  disso- 
ciate any  sensation  which  we  experience  from  the  idea  of  its  external 
cause — since,  the  moment  the  feeling  is  experienced,  and  the  mind  is  di- 
rected to  it,  the  object  from  which  it  arises  is  immediately  suggested, — yet 
nothing  is  more  certain  than  that  all  of  which  we  are  om'selves  conscious, 
in  any  case  whatever,  is  a  certain  internal  or  subjective  state,  a  change  in 
our  previous  consciousness ;  and  that  the  formation  of  the  idea  of  the 
object  to  which  that  change  is  due,  is  dependent  upon  a  higher  mental 
process,  to  which  the  name  of  Perception  or  PercejJtive  Consciousness 
is  now  generally  accorded. |  We  may  recognize  the  manifestation  of  this 
process  in  the  child,  as  it  advances  beyond  the  first  few  months  of  its 
helplessness.  "A  sight  or  a  sound,"  remarks  Mr.  Morell  (Op.  cit.), 
"  which  at  first  produced  simply  an  involuntary  start,  now  awakens 
smile  or  a  look  of  recognition.  The  mind  is  evidently  struggling  out  of 
itself;  it  begins  to  throw  itself  into  the  objects  around,  and  to  hve  in  the 

*  It  may  serve  to  give  additional  confidence  in  the  views  above  propounded,  if  the  Autlior 
mentions  that  he  was  led  by  them  to  predict  tlie  psychological  phenomena  rcferrcd-to  at  ilie 
end  of  §  7B7,  of  which  he  was  not  at  the  time  aware  as  facts,  but  of  which  he  afterwards 
became  assured  by  the  analysis  of  his  own  consciousness,  and  by  the  commumciited  e.\- 
pcrience  of  others  to  whom  he  stated  the  question. 

•|-  "  Philosophy  of  Religion,"  p.  7.  ^■< 
Z  For  the  attachment  of  this  definite  meaning  of  the  term  Perception,  as  for  many  otncr 
services  to  Psychological  Science,  we  are  indebted  to  Sir  William  Hamilton.— See  especially 
his  note  on  the  '  Philosophy  of  Sensation  and  Perception,'  in  his  edition  of  the  '  V\  orKs 
Dr.  Reid." 
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world  of  outward  realities."  We  may  recognize  a  similar  transition,  more 
rapidly  effected,  during  the  passage  from  sleep,  or  from  the  insensibility 
of  a  swoon,  to  the  state  of  complete  wakefulness;  when  we  are  at  first 
conscious  only  of  our  own  sensations,  and  gradually  come  to  the  know- 
ledge of  om-  condition  as  it  relates  to  the  world  around,  and  of  the  posi- 
tion and  circumstances,  new  and  strange  as  they  may  be,  in  which  we 
find  ourselves. 

790.  Now  the  elementary  notion  of  the  outness  or  externality*  of  the 
cause  of  sensational  change,  is  undoubtedly  formed  by  a  law  of  our 
mental  nature ;  and  must  be  regarded  as  a  mental  instinct  or  intuition. 
We  do  not  infer  the  existence  of  objective  realities  by  any  act  of  the 
reason ;  in  fact,  the  strict  application  of  logical  processes  tends  rather  to 
sliake  than  to  confirm  the  belief  in  the  external  world ;  but  the  qualities 
of  matter  are  directly  and  immediately  recognized  by  our  minds,  and  we 
then  go  on  to  shape  the  information  we  have  thus  acquired,  into  a  defi- 
nite notion  of  the  object.  Some  of  these  notions  are  so  simple,  and  so 
constantly  excited  by  certain  sensations,  that  we  can  scarcely  do  other- 
wise than  attribute  their  formation  to  original  and  fundamental  proper- 
ties of  the  mind,  called  into  activity  by  the  sensations  in  question ;  thus, 
as  we  shall  hereafter  see  (chap.  xv.  Sect.  S),  the  notion  of  the  projection 
or  solidity  of  an  object  is  necessarily  developed  in  our  minds,  when  two 
pictm-es  having  certain  relations  of  (itssimilarity  are  projected  on  our  two 
retinte.  But  in  other  cases,  the  ideas  are  connected  with  the  sensations 
by  habit  alone ;  and  it  is  entirely  due  to  the  association  wliich  has  been 
gradually  formed  between  them,  that  the  one  calls  up  the  other.  Of  this 
we  have  a  valuable  illustration  in  the  process  by  which  we  acquire  a 
language.  A  certain  sound  comes  to  be  connected  in  the  mind  of  the 
child  with  a  certain  object,  its  knowledge  of  which  is  derived  through  the 
visual  or  other  sense;  and  by  the  habitual 'reeurrence  of  this  connection, 
the  sensational  consciousness  of  the  sound  comes  to  suggest  the  idea  of 
the  object,  so  that  the  notion  of  bread  or  of  water  is  at  once  called -up  by 
the  mention  of  their  names ;  whilst,  on  the  other  hand,  the  idea  of  the 
object  reproduces  that  sensational  consciousness  of  the  sound  of  its  name, 
which  is  the  necessary  guide  in  the  pronunciation  of  the  word.  And  the 
adult,  in  learning  a  new  language,  goes  through  a  process  of  a  very  similar 
kind ;  the  association  being  first  formed  between  its  words  and  the  words 
of  the  language  ah'eady  familiar  to  him,  and  the  former  at  last  directly 
suggesting  the  corresponding  ideas,  without  any  necessity  for  the  inter- 
mediate process  of  translation.  On  the  other  hand,  the  sight  or  the 
sound  of  the  words  of  a  language  altogether  unknown  to  us,  excites  no 
other  respondent  idea  in  om-  minds,  than  that  which  arises  out  of  the 
simple  act  of  perception;  namely,  the  externality  of  the  object  which  has 
impressed  our  sense  of  vision  or  of  hearing.  I3ut  the  case  is  different 
witli  regard  to  those  signs  which  are  the  natural  expressions  of  ideas ;  for, 
in  so  far  as  tliey  are  so,  they  intuitively  suggest  those  ideas  to  the  mind 
of  another.  This,  however,  is  much  more  noticeable  with  regard  to  the 
signs  oi  emotional  states, — which  are  very  early  interpreted  by  children,  and 

•  This  term  is  to  be  understood  in  the  present  inquiry,  as  implying  what  is  external  to 
the  viijul.  Viewed  in  that  aspect,  the  bodily  organism  stands  in  the  same  kind  of  relation  to 
it,  as  does  the  world  beyond;  and  the  changes  in  the  former  which  give  rise  to  sensations, 
are  as  n)uch  oltjcclivc  as  are  those  of  tlio  latter. 
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also  by  the  lower  animals,— than  with  respect  to  those  which  express 
simjyle  ideas* 

791.  We  have  seen  that,  for  the  production  of  a  Sensation,  a  conscious 
state  of  mind  is  all  that  is  required;  whilst,  on  the  other  hand,  for  the 
exercise  of  the  Perceptive  power,  a  certain  degree  of  attention  is  requisite ; 
or,  in  other  words,  the  Mind  must  be  directed  towards  the  sensation.  And 
thus  it  happens  that,  owing  either  to  the  inactivity  of  the  Cerebrum,  or  to 
the  complete  engi'ossment  of  the  mind  by  some  other  subject  of  thought, 
the  sensation  may  neither  be  perceived  nor  remembered,  notwithstanding 
that  we  have  evidence,  derived  from  the  respondent  movements  of  the 
body,  that  it  has  been  felt.  Thus  a  person  in  a  state  of  imperfect  sleep 
may  start  at  a  loud  sound,  or  may  turn  away  from  a  light  shining  on  his 
face ;  being  conscious  of  the  sensation,  and  acting  automatically  upon  it, 
but  having  no  consciousness  whatever  of  the  object  which  gave  rise  to  it. 
And,  in  like  manner,  a  person  in  a  state  of  profoimd  abstraction  may 
perform  many  automatic  movements  (§  7 49),  which  cannot  (so  far  as  we 
know)  be  excited  except  through  the  medium  of  sensation;  and  yet  the 
exciting  sensations  are  neither  perceived  by  him  at  the  time,  nor  are  they 
afterwards  remembered ;  so  that,  when  he  is  aroused  from  his  reverie,  he 
may  be  astonished  to  find  himself  in  circumstances  altogether  dift'erent 
from  those  under  which  he  passed  into  it.  Sometimes,  however,  the 
sensorial  impression  may  excite  a  sort  of  imperfect  perception,  which  is 
subsequently  remembered  and  completed.  For  example,  the  student 
who  does  not  hear  the  repeated  strokes  of  the  clock  when  his  mind  is 
entirely  given- up  to  his  object  of  pm-suit,  may  have  a  sort  of  vague  con- 
sciousness of  them  if  his  attention  be  less  completely  engrossed  by  his 
studies ;  and  although  the  sounds  may  not  suggest  at  the  moment  any 
distinct  idea  of  the  passage  of  time,  yet,  when  he  subsequently  gives  his 
attention  to  the  sensorial  impression,  he  may  remember  to  have  heard  the 
clock  strike,  and  may  even  be  able  to  retrace  the  number  of  strokes.+ 
When  the  attention  is  directed,  however,  to  the  sonorous  impressions 
(as  when  we  are  listening  for  the  striking  of  the  clock),  or  when  it  is  not 
so  closely  fixed  on  any  other  object  as  that  it  may  be  attracted  by  the 
sensations,  the  sounds  are  not  only  recognized  as  proceeding  from  an 
external  som'ce,  which  is  a  simple  act  of  Perception,  but,  by  a  mental  act 
which  depends  upon  previous  associations,  the  sounds  give  rise  to  the 

*  The  deaf  and  dumb  are  trained  to  communicate  with  each  other,  not  merely  by  the 
'  finger-language,'  by  which  words  are  alphabetically  spelled,  but  also  by  the  '  sign-lan- 
guage,' by  which  ideas  are  conveyed  through  the  much  more  direct  medium  of  single 
signs.  These  signs,  though  partly  conventional,  are  made  to  conform  as  nearly  as  possible 
to  the  natural  expressions  of  ideas ;  and  are  usually  acquired  very  quickly  by  the  deaf  and 
dumb,  whose  want  of  other  modes  of  utterance  forces  into  activity  a  mode  of  expressing  their 
ideas  and  emotions,  which  is  unnecessary  to  those  who  have  the  command  of  language,  and 
is  consequently  but  little  exerted  by  them.  Young  children,  however,  who  associate  much 
with  the  deaf  and  dumb,  very  readily  acquire  this  '  sign-language,'  and  will  often  prefer  the 
continued  use  of  it  to  the  acquirement  of  spolcen  language. 

f  It  is  curious  that  in  so  retracing  a  number,  we  are  often  assisted  by  mentally  repro- 
ducing the  succession  of  strokes,  imagitiwg  their  recurrence,  until  we  feel  that  we  have 
counted-up  to  the  impression  that  was  left  upon  our  sensorium.  In  the  same  way,  if  asked 
how  manj"-  stairs  there  are  in  a  stair-case  which  we  are  in  the  habit  of  using,  we  may  not  be 
able  to  name  the  number  ;  yet,  when  actually  ascending  or  descending,  wc  arc  conscious  that 
we  have  arrived  at  the  top  or  the  bottom,  by  the  completion  of  that  series  of  sensorial  changes 
which  has  become  habitual  to  us. 
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complex  idea  of  the  striking  of  a  clock,  and  are  refeiTed,  it  may  be,  to 
>  some  particular  clock.    Hence,  when  we  say  (as  we  commonly  do)  that 
1  we  have  heard  the  clock  strike,  we  affirm  that  which  is  not  strictly  cor- 
■  rect;  for  that  which  we  heai-  is  simply  the  series  of  sounds,  and  it  is  by 
an  intuitive  perception  that  we  are  led  to  consider  those  sounds  as  origi- 
nating in  an  external  object;  whilst  the  formation  of  a  definite  notion 
wth  regard  to  the  nature  of  that  object,  is  an  act  of  judgment  and  com- 
:  parison,  guided  by  past  experience.    When  such  an  operation  ^has  been 
•  very  frequently  performed,  however,  the  notion  comes  to  be  so  directly 
I  excited  by  the  sensation,  that  it  is  uniformly  and  necessarily  called-up 
'  when  the  attention  is  directed  to  the  latter;  the  individual  being  quite 
forgetful  of  the  mental  process  by  which  this  connection  was  originally 
established. 

792.  Thus  the  formation  of  what  have  been  designated  as  acquired 
perceptions,  in  contradistinction  to  those  of  the  intuitive  kind,  bears  a 
striking  analogy  to  the  process  by  which  habitual  movements  come  to  be 
linked-on  to  the  sensations  that  prompt  them,  so  as  at  last  to  be  auto- 
matically performed,  although  originally  guided  by  the  Will  (§  749). 
And  it  can  scarcely  be  regarded  as  improbable,  that,  in  the  one  case  as  in 
the  other,  the  nei-vous  mechanism  grows-to  particular  modes  of  activity 
(§  726);  so  that  successions  of  action  are  uniformly  excited  by  particular 
stimuli,  which  were  not  provided-for  in  its  original  construction.  Such 
a  view  harmonizes  well  with  the  fact,  that  such  associations,  both  between 
sensations  and  respondent  movements,  and  between  sensations  and  respon- 
dent ideas,  are  formed  much  more  readily  during  the  period  of  childhood 
and  adolescence,  than  they  are  after  the  full  measure  of  development  has 
been  attained;  and  that  they  are  much  more  durable  in  the  former  case 
than  in  the  latter.    For  that  which  has  been  already  pointed  out  with 
regard  to  the  nutrition  of  other  tissues  (§  591),-  may  not  unreasonably  be 
applied  to  that  of  the  Nervous  system;  that,  when  once  a  certain  mode  of 
nutrition  has  been  fully  established,  it  tends  to  perpetuate  itself,  provided 
that  it  be  not  altogether  imconformable  to  the  original  type.  Through- 
out the  whole  constitution  of  Man,  physical  and  mental,  we  witness  this 
capacity  of  adaptation  to  a  great  variety  of  circumstances ;  and  it  seems 
to  be  pm-posely  left  to  Man  to  educate  himself  in  accordance  with  those 
cu'cumstances ;  so  that  he  gi'adually  acquires  those  modes  of  action,  which 
in  other  animals  are  dii-ectly  prompted  by  instinctive  or  intuitive  tenden- 
cies.   The  idea  of  the  distance  of  an  object,  for  example,  is  one  derived  in 
Man  from  many  som'ces,  and  is  the  result  of  a  long  experience;  the 
infiint,  or  the  adult  seeing  for  the  first  time,  has  to  bring  the  senses  of 
sight  and  of  touch  to  bear  upon  one  another,  in  order  to  obtain  it;  but, 
when  once  the  power  of  determining  it  is  acquired,  the  steps  of  the  pro- 
cess ai-e  lost  sight  of.    In  the  lower  tribes  of  animals,  however,  in  which 
the  young  receive  no  assistance  from  their  parents,  there  is  an  evident 
necessity  for  some  immediate  power  of  forming  this  determination ;  since 
they  would  not  be  able  to  obtain  their  food  without  it.  Accordingly, 
they  manifest  in  their  actions  a  perception  or  governing  idea  of  distances, 
which  can  only  be  gained  by  Man  after  long  experience.    A  fly-catcher, 
fur  instance,  just  come  out  of  its  shell,  has  been  scon  to  peck  at  an  insect, 
with  an  aim  as  perfect  as  if  it  had  been  all  its  life  engaged  in  learning 
the  ai't.  —  In  some  cases,  animals  seem  to  learn  that  by  intuitive  percep- 
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tion,  at  which  Man  could  only  arrive  by  the  most  refined  i^roccsscs  of 
reasoning,  or  by  the  careful  application  of  the  most  varied  experience. 
Thus,  a  little  fish,  named  the  Chcetodon  rostratus,  is  in  the  habit  of  eject- 
ing from  its  prolonged  snout,  drops  of  fluid,  which  strike  insects  that 
happen  to  be  near  the  surface  of  the  water,  and  cause  them  to  fall  into 
it,  so  as  to  come  within  its  own  reach.  Now  by  the  laws  of  refraction 
of  light,  the  place  of  the  Insect  in  the  air  will  not  really  be  that  at  which 
it  appears  to  the  Fish  in  the  water;  but  it  will  be  a  little  below  its 
apparent  place,  and  to  this  point  the  aim  must  be  directed.  But  tlie 
difference  between  the  real  and  the  apparent  place  will  not  be  constant; 
for  the  more  perpendicularly  the  rays  enter  the  water,  the  less  will  be  the 
variation;  and,  on  the  other  hand,  the  more  oblique  the  direction,  tlie 
greater  will  be  the  difference.  Now  it  is  impossible  to  imagine  but  that, 
by  an  intuitive  perception,  the  real  place  of  the  Insect  is  known  to  the 
Fish  in  every  instance,  as  perfectly  as  it  could  be  to  the  most  sagacious 
Human  mathematician  who  might  determine  it  in  each  case  by  a  process 
of  calculation,  or  to  a  clever  marksman  who  had  learned  it  practically  by 
a  long  experience. 

793.  Just  as  the  simple  feelings  of  pleasure  or  pain  are  associated 
with  particular  sensations  (§  759),  the  same  feelings  connect  themselves 
with  particular  Ideas;  and  thus  are  produced  those  Eviotional  states  of 
mind,  which,  directly  or  indirectly,  determine  a  gi-eat  part  of  om-  habits  of 
thought,  and  are  largely  concerned  in  the  government  of  oiu'  conduct. 
The  formation  of  a  true  desire,  even  for  the  gratification  of  some 
bodily  appetite,  requires  that  an  idea  of  the  object  of  desire  shall  have 
been  foimcd ;  and  it  is  the  expectation  of  the  pleasiu'e  which  will  arise 
from  the  performance  of  the  act  in  qxiestion,  or  of  the  pain  which  will  be 
produced  by  abstinence  from  it,  which  makes  the  idea  a  motive  to  action. 
A  careful  analysis  of  the  various  Propensities,  Moral  Feelings,  Senti- 
ments, &c.,  which  are  ranked  by  Metaphysicians  under  the  general  term 
'  active  principles,'  will  show  (the  Author  believes)  that  such  is  the 
essential  nature  of  all.  Thus,  Benevolence  is  the  pleasure  in  the  happi- 
ness of  others;  and  shows  itself  alike  in  the  habitual  entertainment  of 
the  abstract  or  general  idea,  and  in  the  direction  of  the  conduct  in  any 
particular  instance.  So  there  is  a  positive  pleasure,  in  some  ill-consti- 
tuted minds,  in  the  contemplation  of  the  if??happiness  of  others ;  and  this 
we  designate  as  Malevolence.  Again,  the  Combativeness  of  Phreno- 
logists is  nothing  else  than  the  pleasurable  idea  of  setting  one's  self  in 
antagonism  with  others;  which  may  manifest  itself  either  physically  .or 
psychically,  according  to  the  temperament  of  the  individiial.*  So,  Pride 
(or  self-esteem)  consists  in  the  pleasm-able  contemplation  of  our  own 
superior  excellencies;  whilst  the  essence  of  Vanity  (or  love  of  appro- 

*  There  are  individuals  who  never  manifest  the  least  degree  of  phjsical  combativeness, 
who  yet  show  a  remarkable  love  of  opposition  in  all  their  psychical  relations  witli  others.  1  Hat 
objections  will  be  raised  by  such  persons  to  am/  plan  that  may  be  proposed,  we  can  always 
feel  sure,  though  we  may  not  have  the  remotest  idea  as  to  what  the  objection  maj-  be  ni  eacn 
particular  case.  Persons  in  whom  this  tendency  exists  in  a  less  prominent  degree,  are 
apt  to  see  objections  and  difficulties  first,  although  their  good  sense  may  subsequently  leaa 
them  to  consider  these  as  of  less  account,  or  to  be  outweighed  by  the  advantages  ol  tne 
scheme.  Such  was  the  case  with  the  late  Sir  Robert  Peel.  On  the  other  liaiid,  t''"sc 
are  spoken  of  as  of  sanguine  temperament,  are  apt  to  lose  siglitof  the  nitcrvennig  diliicuiues, 
in  the  pleasurable  idea  of  the  result. 
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batiou)  lies  in  the  pleasurable  idea  of  the  applause  of  others.  Again,  in 
Conscientiousness  we  have  the  love  of  right,  that  is,  the  association  of 
pleasure  with  the  idea  of  right  j  Veneration  may  be  defined  as  the  plea- 
surable contemplation  of  rank  or  perfections  superior  to  om*  own;  and 
the  source  of  Ambition,  which  is  iu  some  degree  the  antagonistic  ten- 
dency, lies  in  the  pleasurable  idea  of  self-exaltation.  In  like  manner, 
Hope  is  the  pleasurable  contemplation  of  future  enjoyment;  Fear  is  the 
painful  contemplation  of  future  evil ;  and  Cautiousness  is  the  combina- 
tion of  the  desire  to  avoid  anticipated  pain  with  the  pleasurable  contem- 
plation (an  extremely  strong  feeling  in  many  individuals)  of  precautions 
adapted  to  ward  it  off. — The  same  view  may  be  applied  to  the  love  of  Truth, 
of  Beauty,  of  Sublimity,  of  Goodness,  of  Order,  of  Possessions,  of  Country, 
&c. ;  and  also  to  Cheerfulness,  Wit,  Humour,  &c.,  and  to  many  conditions 
usually  considered  as  piu-ely  Intellectual.  And,  in  fact,  the  association 
of  sensorial  j^leasure  with  any  idea,  or  class  of  ideas  gives  to  it  an  Emo- 
tional chai'acter;  so  that  the  Emotional  states  are  not  by  any  means 
limited  within  the  categories  which  most  Psychologists  have  attempted  to 
lay  down ;  these  being,  for  the  most  part,  generic  terms,  which  compre- 
hend certain  grouj)s  of  ideas  bearing  more  or  less  similarity  to  each  other, 
but  not  by  any  means  including  all  possible  combinations.* — By  those 
who  regard  the  Propensities,  Moral  Feelings,  &c.,  as  simple  states  of 
mind,  it  is  usually  said  that  their  indulgence  or  exercise  is  attended  with 
pleasm-e,  and  the  restraint  of  them  with  pain.  But,  if  the  view  here 
taken  be  correct,  it  is  the  very  co-existence  of  pleasurable  or  painful 
feeling-s  with  the  idea  of  a  given  object,  that  causes  desire  or  aversion  as 
regards  that  object;  since  the  mind  instinctively  pursues  what  is  plea- 
sm-able  and  avoids  what  is  painful.  And  thus,  according  to  the  readiness 
with  which  these  different  classes  of  ideas  are  excited  in  different  minds 
(partly  depending  upon  original  constitution,  and  partly  upon  the  ha- 
bitual direction  of  the  thoughts),  and  to  the  respective  degrees  in  which 
they  respectively  call  forth  the  sensorial  feelings  of  pleasure  or  pain  (as 
to  which  there  is  obviously  an  inherent  difference  amongst  individuals, 
analogous  to  that  which  exists  with  regard  to  the  feelings  of  pleasure  or 
pain  excited  by  extenial  sensations,  sights,  sounds,  tastes,  odours,  or 
contacts),  will  be  the  disposition  of  the  mind  to  entertain  them,  the 
frequency  with  which  they  will  be  brought  before  the  mental  view,  and 
the  influence  which  they  wiU  exert  in  the  determination  of  our  conduct,  t 

*  The  truth  of  this  statement  must  he  apparent  to  all  who  are  familiar  with  the  manifes- 
tations of  Eccentricity  and  Insanity ;  for  we  frequently  see  pleasurable  feelings  associating 
themselves  with  ideas,  which  to  ordinary  minds  appear  indifferent  or  are  even  regarded  with 
pain;  and  thus  are  engendered  motives,  which  exert  a  most  powerful  influence  over  the  con- 
duct, and  which,  if  not  kept  in  restraint  by  the  Will,  render  the  whole  being  their  slave.  

It  may  be  also  remarked,  in  this  place,  that  the  impossibility  of  classing  all  the  Emotional 
states  of  mind  under  a  limited  number  of  categories,  constitutes  a  most  serious  and  funda- 
mental objection  to  any  system,  which  professes  to  mark-out  in  the  Cerebrum  distinct  seats 
for  the  Animal  Propensities,  Moral  Feelings,  &c. 

t  The  above  view  of  the  nature  of  Emotional  states  was  first  developed  by  the  Author  in 
an  article  on  the  '  Physiology  of  the  Brain  '  in  the  "  British  and  Foreign  Medical  Review  " 
October,  1846. — It  was  not  until  he  had  thought-out  the  subject  for  himself,  on  the  physio- 
logical basis  which  is  here  given  to  it,  that  his  attention  was  directed  to  Mr.  James  Mill's 
masterly  "  Analysis  of  the  Human  Mind,"  as  containing  a  very  similar  doctrine.  It  has 
been  a  great  satisfaction  to  him  to  find  that  a  Metaphysician  of  so  high  a  rank  had  anticipated 
his  conclusions,  and  this  upon  psychological  grounds  only;  since  it  gives  him  the  more  con- 
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794.  The  influence  of  Emotional  conditions,  when  strongly  excited, 
in  directly  producing  involuntary  movements,  is  i-eadily  explained  on  the 
idea  that  the  Sensory  Ganglia  are  the  seat  of  all  consciousness,  and  the 
Cranio-Spinal  axis  the  real  source  of  all  movement.  For  there  is  no 
more  difficulty  in  understanding  that  the  excitement  of  pecuhar  states  of 
consciousness  in  the  Sensorial  centres  through  the  instrumentality  of  the 
Cerebrum,  should  give  rise  to  automatic  movements,  than  that  such 
movements  should  follow  similar  states  of  consciousness  when  excited 
by  impressions  made  upon  the  organs  of  vision,  hearing,  &c.  And 
the  con-espondence  is  seen  to  be  very  close,  when  the  idea  (as  is  doubtless 
the  case  in  some  instances)  is  very  nearly  akin  to  the  sensation.  Thus, 
the  laughter  excited  by  the  act  of  tickling,  is  a  purely  consensual  move- 
ment (§  748);  but,  in  a  veiy  'ticklish'  person,  the  mere  idea  of  tickling, 
suggested  by  pointing  a  finger  at  him,  is  sufficient  to  provoke  it.  So, 
again,  laughter  may  be  excited  by  odd  sights  or  sounds  which  do  not 
in  themselves  excite  any  emotional  state,  and  wliich  we  call  '  ludicrous' 
merely  because  they  do  excite  laugliter;  and  the  vivid  recollection  of 
these,  being  attended  with  a  state  of  the  sensorium  corresponding  to  that 
produced  by  the  sensation,  may  give  rise  to  the  same  involuntary  cachin- 
nation.  But  Laughter  may  also  be  excited  by  ideas  that  are  much  more 
removed  fi-om  actual  sensations,  as,  for  example,  by  those  unexpected 
combinations  of  ideas  of  a  purely  intellectual  nature,  which  we  designate 
as  'witty;'  and  here,  too,  we  may  recognise  the  very  same  modus  ope- 
randi. For  the  mere  sound  or  sight  of  the  ivords  excites  no  feeling  of 
the  ludicrous;  the  sensation  must  develope  an  ideational  change;  and 
it  is  the  latter  alone,  which,  reacting  downwards  upon  the  Sensorium,  and 
there  becoming  associated  with  the  feeling  of  pleasm'e,  gives  rise  to  the 
impulse  to  laugh.  The  same  might  be  shown  to  be  the  case  with  regard 
to  the  net  of  Crying;  which  may  be  either  purely  consensual,  being 
excited  by  painful  sensations ;  or  may  be  induced  by  the  vivid  recollec- 
tion of  past  or  the  anticipation  of  futiu'e  sensations ;  or  may  be  excited 
by  ideas  which  have  no  direct  relation  to  sensational  states.  Again  the 
movements  which  take  place  under  the  violent  excitement  of  the  j)assions 
of  Anger,  Lust,  &c.,  are  of  the  same  involuntary  character ;  being  directly 
prompted  by  feehngs  which  may  be  either  excited  by  external  sensations, 
or  by  internal  ideas  more  or  less  akin  to  them.  Thus  the  passionate 
man  who  receives  a  blow,  instinctively  makes  another  blow  in  the  direc- 
tion from  which  it  seemed  to  him  to  come,  without  any  thought  of 
whether  the  blow  was  accidental  or  intentional;  and  the  idea  of  an 

fidcnce  in  the  truth  of  the  physiological  doctrines  with  which  he  has  connected  them.  His 
principal  point  of  difference  from  Mr.  Mill,  lies  in  the  greater  difference  which  he  believes  to 
exist  between  ideas  and  sensations;  for  he  cannot,  with  Mr.  Mill,  regard  an  Idea  as  a  mere 
"  trace  or  copy  of  the  sensation,  which  remains  after  the  sensation  ceases,"  but  must  consider 
it  as  a  state  of  mind  altogether  different,  excited  or  induced  by  sensations;  and  consequently, 
he  does  not  consider  the  emotional  state  to  consist  in  the  anticipation  of  a  future  pleasurable 
sensation,  since  the  pleasure  is  generally  associated  with  ideational  states  which  have  no 
analogy  whatever  to  the  sensations  which  excited  them.  Thus  the  Love  of  Praise  does  not 
consist  in  the  association  of  pleasure  with  the  auditory  or  visual  sensations  produced  by 
spoken  or  written  ivords;  but  in  the  association  of  pleasure  with  the  ideas  which  these 
words  call  forth  in  the  mind.— A  view  of  the  nature  of  the  Emotional  states  which  approaches 
more  nearly  to  his  own,  though  not  developed  with  the  analytical  precision  of  Mr.  Miil's,  is 
contained  in  the  Rev.  Sydney  Smith's  "  Lectures  on  Moral  Philosophy which,  although 
delivered  early  in  the  present  century,  were  rot  published  until  the  year  1850. 
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insult,  which  is  a  source  of  mental  disturbance,  may  excite  the  very  same 
movement,  although  no  bodily  suffering  had  been  experienced.  In  states 
of  excessive  sexual  excitement,  again,  the  desire,  which  arises  out  of  the 
idea  of  the  object  (§  772),  produces  involuntary  movements  correspond- 
ing to  those  which  ai'e  ordinarily  linked-on  to  the  actual  sensations  alone. 
There  are  many  of  the  movements  of  Expression,  which  are  referable  in 
like  manner  to  states  of  consciousness,  whether  pleasurable  or  painful, 
which  may  ai'ise  either  from  sensational  or  from  ideational  conditions. 
Thus  the  Cheerful  aspect  of  some  individuals  is  due  to  a  sense  of  general 
physical  well-being,  and  is  altogether  discomposed  by  anything  which 
distm-bs  this;  whilst,  on  the  contrary,  it  proceeds  in  others  from  a 
haj^py  frame  of  mind  (which  may  be  partly  the  result  of  original  con- 
stitution, and  partly  of  habitual  self-direction),  disposing  them  to  take 
the  cheerful  view  of  everything  that  affects  themselves  or  others,  not- 
withstanding (it  may  be)  great  bodily  discomfort.  And  the  reverse 
aspect  of  Gloom  may  in  like  manner  proceed  alike  from  bodily  or  from 
mental  uneasiness. — All  these  facts  point,  therefore,  to  the  singleness  of 
the  centre  from  which  the  Emotional  movements  immediately  proceed ; 
and  to  its  identity  with  the  centre  of  the  Sensoi'i-motor  actions. 

795.  That  the  Emotional  and  Volitional  movements,  however,  differ  as 
to  their  primal  som'ces,  is  obvious,  not  merely  from  the  fact  that  they  are 
fi'equently  in  antagonism  with  each  other, — the  Will  endeavouring  to 
restrain  the  Emotional  impulse,  and  either  succeeding  in  doing  so,  or 
being  vanquished  by  the  superior  force  of  the  latter, — but  also  from  the 
cm-ious  fact,  which  Pathological  observation  has  brought  to  light,  that 
muscles  which  will  still  act  in  obedience  to  emotional  impulses  may  be 
paralysed  to  the  volitional,  and  vice  versa.    Thus  for  example,  the  arm 
of  a  man  affected  with  hemiplegia,  which  no  effort  of  his  will  could  move, 
has  been  seen  to  be  violently  jerked  under  the  influence  of  the  mental 
agitation  consequent  upon  the  sight  of  a  friend.    And  in  the  case  of 
softening  of  the  Spinal  Cord  already  referred-to  (§  704  note),  the  choreic 
movements,  which  were  brought  on  by  the  mere  approach  of  any  one  to 
the  patient's  bed,  and  still  more  strongly  by  putting  a  question  to  him, 
were  most  violent  in  the  lower  limbs,  over  which  he  had  not  the  least 
voluntaiy  power. — It  is  in  the  different  forms  of  paralysis  of  the  Facial 
nerve,  however,  which  is  the  one  most  peculiarly  subservient  to  the 
movements  of  Expression,  that  we  have  the  best  evidence  of  this  dis- 
tinctness.   For  it  sometimes  happens  that  the  muscles  supplied  by  this 
nerve  are  paralysed  so  far  as  regards  the  Will,  and  yet  are  still  affected 
by  Emotional  states  of  mind,  and  take  their  usual  part  in  the  automatic 
actions  of  Kespiration,  &c.,  retaining  also  their  usual  tension,  so  that  no 
distortion  is  apparent  unless  Voluntary  movements  be  attempted :  thus, 
to  select  an  action  which  may  be  performed  either  consensually,  emo- 
tionally, or  voluntarily,  a  patient  affected  with  this  form  of  paralysis 
cannot  close  the  eyelid  by  an  act  of  his  will,  although  he  winks  when  he 
feels  the  uneasy  sensation  that  excites  the  action,  and  shuts  the  lids  when 
the  sudden  approach  of  an  object  to  the  eye  excites  the  fear  of  injury  to 
that  organ.    On  the  other  hand,  the  paralysed  condition  may  exist  in 
regard  to  the  automatic  and  emotional  actions  only,  so  that  the  muscles 
lose  their  tension,  the  mouth  is  drawn  to  one  side,  the  movements  of 
expression  are  not  performed,  and  there  is  no  involuntary  winking: 
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yet  the  Will  may  still  exert  its  accustomed  control,  and  may  produce 
that  closure  of  the  lids  which  does  not  take  place  in  respondence  to  any 
other  imj)ulse.* — It  has  been  infeiTcd  by  Dr.  M.  Hall,t  from  cases  of  this 
kind,  that  the  Emotional  actions  are  among  those  which  are  performed 
by  his  'true  spinal'  system  of  nerves,  as  distinct  fi-om  the  sensori-voli- 
tional,  and  that  they  therefore  fall  under  the  general  category  of  excito- 
motor  actions.  But  it  is  obvious  that  they  diflFer  fi'om  these  in  their 
dependence,  not  merely  upon  sensations,  but  also  upon  higher  states  of 
mindj  and  there  is  no  proof  whatever,  that  the  same  nerve-fibres  do  not 
sen'e  for  the  conduction  of  the  motor  impvdses  proceeding  from  the  two 
dilferent  mental  sources.  Volition  and  Emotion,  as  we  have  seen  that 
they  probably  do  for  the  volitional  and  aittomatic  impulses  (§  75 3). | 

796.  The  Emotions  are  concerned  in  Man,  however,  in  many  actions, 
which  are  in  themselves  strictly  voluntary.    Unless  they  be  so  strongly 
excited  as  to  get  the  better  of  the  Will,  they  do  not  operate  downwards 
upon  the  Automatic  centres,  but  upwai'ds  upon  the  Cerebral;  supplying 
the  motives  by  which  the  com'se  of  thoiight  and  of  action  is  habitually 
determined.   Thus,  of  two  individuals,  with  differently  constituted  minds, 
one  shall  judge  of  everything  through  the  medium  of  a  gloomy  morose 
temper,  which,  like  a  darkened  glass,  represents  to  his  judgment  the 
whole  world  in  league  to  injure  him ;  and  his  determinations  being  all 
based  upon  this  eiToneous  view,  its  indications  are  exhibited  in  his  actions; 
which  are  themselves,  nevertheless,  of  an  entirely  voluntary  character. 
On  the  other  hand,  a  person  of  a  cheerful,  benevolent  disposition,  looks  at 
the  world  around  as  tlu-ough  a  Claude  Lorraine  glass,  seeing  everything 
in  its  brightest  and  sunniest  aspect ;  and,  with  intellectual  faculties  pre- 
cisely similar  to  those  of  the  former  individual,  he  will  come  to  opposite 
conclusions;  because  the  matei'ials  which  form  the  basis  of  his  judgment, 
are  submitted  to  it  in  a  very  different  condition.    Various  forms  of  Moral 
Insanity  exhibit  the  same  contrast,  in  a  yet  more  striking  light.    We  not 
unfrequently  meet  with  individuals,  still  holding  their  place  in  society, 
who  are  accustomed  to  act  so  much  upon  impiolse,  and  to  be  so  little 
guided  by  reason,  as  to  be  scarcely  regarded  as  sane;  and  a  very  little 
exaggeration  of  such  a  tendency  causes  the  actions  to  be  so  injurious  to 
the  individual  himself,  or  to  those  around  him,  that  restraint  is  required, 
although  the  intellect  is  in  no  way  disordered,  nor  are  any  of  the  feelings 
perverted.    Not  unfi-equently  we  may  observe  similar  inconsistencies, 
residting  fi-om  the  habitual  indulgence  of  one  particular  feehng,  or  a 
morbid  exaggeration  of  it.    The  mother  who,  through  weakness  of  will, 
yields  to  her  instinctive  fondness  for  her  offspring,  in  allowing  it  gratifica- 
tions which  she  knows  to  be  injurious  to  it,  is  placing  herself  below  the 
level  of  many  less  gifted  beings.    The  habit  of  yielding  to  a  natm-al 

*  See  the  detailed  accounts  of  such  cases  in  Sir  C.  Bell's  work  on  "  The  Nervous  System 
of  the  Human  Body;"  also  "  Brit,  and  For.  Med.  Rev.,"  vol.  iv.  p.  500,  and  vol.  xiii.  p.  556. 
+  "  Memoirs  on  the  Nervous  System,"  1837,  pp.  94,  et  seq. 

t  In  former  editions  of  this  Treatise,  the  Author  maintained,  upon  the  principles  advocated 
by  Dr.  M.  Hall,  that  there  must  be  distinct  centres  and  conducting  fibres  for  Vohtional, 
Emotional,  and  Reflex  movements.  Having  since  arrived  at  what  he  believes  to  be  a  much 
simpler  explanation  of  the  phenomena,  and  one  more  in  accordance  with  the  facts  of  the  case, 
he  docs  not  hesitate  to  make  known  the  change  in  his  convictions  ;  and  would  hope  that  lie 
may  induce  those  who  may  have  adopted  his  previous  opinions,  to  reconsider  the  subject 
under  the  aspect  in  which  he  has  now  placed  it. 
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iuliniiity  of  temper  often  leads  into  paroxysms  of  ungovernable  rage, 
which,  in  their  turn,  pass  into  a  state  of  maniacal  excitement.  It  is  not 
unfrequently  seen,  that  a  delusion  of  the  intellect  (constituting  what  is 
commonly  known  as  Monomania)  has  in  reality  resulted  from  a  disordered 
state  of  the  feelings,  which  have  represented  every  occurrence  in  a  m-ong 
light  to  the  mind  of  the  individual.  All  such  conditions  are  of  extreme 
interest,  when  compared  with  those,  which  are  met  with  amongst  idiots, 
and  animals  enjoying  a  much  lower  degree  of  intelligence :  for  the  result 
is  much  the  same,  in  whatever  way  the  balance  between  the  feelings  and 
the  judgment  (which  is  so  beautifully  adjusted  in  the  well-ordered  mind 
of  Man)  is  disturbed;  whether  by  a  diminution  of  the  Voluntary  control 
or  by  an  undue  exaltation  of  the  feelings  and  passions. 

797.  This  double  modus  02:>erandi  of  the  Emotional  consciousness,- — 
dowmvards  through  the  nerve-trunks  upon  the  musculai*  apparatus,  and 
also  upon  many  of  the  Organic  functions  (chap,  xviii.), — and  upwards 
upon  those  Cerebral  actions  which  give  rise  to  the  higher  states  of  Mental 
consciousness, — aifords  a  satisfactory  explanation  of  a  fact  which  is  prac- 
tically familiar  to  most  observers  of  Human  nature  ;  namely,  that  violent 
excitement  of  the  feelings  most  speedily  subsides,  when  these  unrestrain- 
edly expend  themselves  (so  to  speak)  in  their  natural  expressions.  Thus 
it  may  be  commonly  noticed  that  those  who  are  termed  demonstrative 
pei-sons  are  less  firm  and  deep  in  their  attachments,  than  those  who  mani- 
fest their  feelings  less;  for,  without  any  real  insincerity  or  intentional 
fickleness,  the  strongly  excited  feelings  of  the  former  are  rapidly  calmed- 
down  by  the  expenditure  of  the  impulse  to  action  which  they  have 
generated ;  whilst  in  the  latter  the  very  same  feelings  acting  internally 
acquire  a  permanent  place  in  the  psychical  nature,  and  habitually  operate 
as  motives  to  the  conduct.  So,  again,  persons  who  are  '  quick-tempered,' 
manifesting  great  irascibility  upon  small  'provocations,  real  or  supposed, 
are  usually  soon  appeased,  and  soon  forget  the  affront;  whilst  those  who 
make  little  or  no  display  of  anger,  are  very  apt  to  brood  over  and 
cherish  their  feelings  of  indignation,  and  may  visit  them  upon  the  unfor- 
tunate object  of  them,  when  some  favourable  opportunity  happens  to 
0CC1U-,  long  after  he  had  supposed  that  the  occurrence  which  had  given 
rise  to  them  was  forgotten.  There  is  an  instinctive  restlessness,  or  ten- 
dency to  general  bodily  movement,  in  some  individuals,  when  they  ai-e 
suffering  under  emotional  excitement;  the  indulgence  of  which  appears 
to  be  a  sort  of  safety-valve  for  the  excess  of  nerve-force,  whilst  the  at- 
tempt at  its  repression  is  attended  with  an  increase  in  the  excitement. 
Most  persons  are  conscious  of  the  difficulty  of  sitting  still,  when  they  are 
labouring  under  violent  agitation,  and  of  the  relief  which  is  afforded  by  active 
exercise ;  and  this  is  particularly  the  case  when  the  movements  are  such 
as  naturally  express  the  passion  that  is  excited.  Thus  the  combative 
propensities  of  the  Irish  peasant  commonly  evaporate  speedily  with  the 
free  play  of  the  shillelagh ;  many  irascible  persons  find  gi-eat  relief  in 
a  hearty  explosion  of  oaths,  others  by  a  violent  slamming  of  the  door,  and 
others  (whose  excitement  is  more  moderate,  but  less  transient)  in  a  pro- 
longed fit  of  grumbling.*    So,  again,  if  a  ludicrous  idea  be  suggested  to  our 

*  This  view  is  most  fully  confirmed  hy  certain  phenomcnii  of  Insanity.  It  is  a  doctrine 
now  generally  received  among  practical  men,  that  paroxysms  of  violent  emotional  excitement 
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consciousness,  occasioning  an  impulse  to  laugh,  a  hearty  cachinnatiou 
generally  works-ofF  the  excitement,  and  we  may  be  surprised  a  short  time 
afterwards  that  such  an  absurdity  should  have  provoked  oiu'  risibility ; 
but  if  we  restrain  the  explosion,  the  idea  continues  to  '  haunt'  us,  and  is 
continually  pertm-bing  oiu-  trains  of  thought  until  we  have  given  free 
vent  to  the  expression  of  it.  It  is  well  known,  again,  that  the  depressing 
emotions  ai'e  often  worked-off  by  a  fit  of  crying  and  sobbing;  and  the 
'  relief  of  tears'  seems  manifestly  due  to  the  expenditm-e  of  the  pent-up 
nerve-force,  in  the  production  of  an  increased  secretion.  It  is  noticed  in 
this  case,  too,  that  the  absence  of  any  such  external  manifestations  of  the 
depressing  emotions,  gives  them  a  much  greater  influence  upon  the  course 
of  thought,  and  upon  the  bodily  state  of  the  individual.  Those  who 
really  '  die  of  grief,'  are  not  those  who  are  loud  and  vehement  in  their 
lamentations,  for  their  sorrow  is  commonly  transient,  however  vehement 
and  sincere  while  it  lasts ;  but  they  are  those  who  have  either  designedly 
repressed  any  such  manifestations,  or  who  have  experienced  no  tendency 
to  their  display ;  and  their  deep-seated  sorrow  seems  to  exert  the  same 
kind  of  anti-vital  influence  upon  the  organic  functions,  that  is  exercised 
more  violently  by  'shock;'  producing  their  entire  cessation  without  any 
structural  lesion.* 

798.  Like  the  other  sources  of  motor  activity  which  have  been  already 
treated-of,  the  Emotional  tendencies  may  become  morbidly  excited,  so 
as  to  produce  a  variety  of  movements  which  the  Will  vainly  attempts  to 
control.  Of  this  abnormal  condition  there  are  several  vai'ieties.  The 
most  common  is  the  Hysterical  state  (most  frequent  among  females, 
though  not  peculiar  to  them)  in  which  smiles  and  cries,  laughter  and 
sobbing,  are  strangely  intermingled,  and  are  brought  on  by  the  slightest 
emotional  excitement.  Now  here  the  deficiency  lies  rather  in  the  power 
of  voluntary  direction  of  the  thoughts,  than  in  the  power  of  the  will  over 
the  muscles;  for  such  patients  can  be  caused  to  restrain  themselves,  either 

are  much  more  likely  to  subside,  when  they  are  allowed  to  '  work  themselves  off '  freely, 
without  any  attempt  at  mechanical  restraint  ;  and  maniacal  patients  are  now  placed,  in  all 
well-managed  Asylums,  in  padded-rooms,  in  which  their  movements  can  do  no  injury  to 
themselves  or  others. — The  following  case  was  related  to  the  Author  by  his  friend  Dr.  Howe, 
of  Boston,  N.E.,  llie  instructor  of  Laura  Bridgman.  A  half-idiotic  youth  in  the  Lunatic  Asylum 
of  that  place  was  the  subject  (like  manj'  in  his  condition)  of  frequent  and  violent  paroxysms 
of  anger ;  and  with  the  view  of  moderating  these,  it  was  suggested  that  he  should  be  kept 
for  some  time  every  day  in  rather  fatiguing  exercise.  Accordingly  he  was  employed  for  two 
or  three  hours  daily  in  sawing  wood,  to  which  task  he  made  no  objection  ;  and  the  parox- 
ysms of  rage  never  displayed  themselves  except  on  Sundays,  when  his  employment  was  inter- 
mitted. It  having  been  considered,  however,  that  it  was  better  for  him  to  spend  part  of 
that  day  in  sawing  wood,  than  to  be  irascible  during  the  whole  of  it,  his  occupation  was 
continued  through  the  whole  week,  when  he  became  completely  tamed-down,  and  never  gave 
any  more  trouble  by  his  passionate  displa5's. — This  case  appears  to  the  Author  a  most  valu- 
able confirmation  of  the  doctrine  laid  down  in  the  text ;  which  is  one  whose  practical 
bearings  tire  most  important. 

*  The  Author  once  heard  the  following  singular  case  of  this  kind. — One  of  two  sisters, 
orphans,  who  were  strongly  attached  to  each  other,  became  the  subject  of  consumption  ;  she 
was  most  tenderly  nursed  by  her  sister  during  a  long  illness  ;  but  on  her  death,  the  other, 
instead  of  giving  way  to  grief,  in  the  manner  that  might  have  been  anticipated,  appeared 
perfectly  unmoved,  and  acted  almost  as  if  nothing  had  happened.  About  a  fortnight  after 
her  sister's  death,  however,  she  was  found  dead  in  her  bed  ;  yet  neither  had  there  been  any 
symptoms  during  life,  nor  was  there  any  post-raortera  .appearance,  which  in  the  least  degree 
accounted  for  this  event,  of  which  no  explanation  seems  admissible,  except  the  depressnig  in- 
fluence of  her  pent-up  grief  upon  her  frame  generally,  through  the  nervous  system. 
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by  the  presentation  of  some  powerful  motive  (as  the  threat  of  severe  dis- 
ciphne  in  the  event  of  the  retmni  of  the  paroxysm),  or  by  the  more 
gradual  exercise  of  the  power  of  the  Will  in  repressing  the  first  access  of 
emotional  excitement  by  the  Avithdi'awal  of  the  mind  from  the  contem- 
plation of  all  that  induces  it.  For  in  such  individuals,  the  involuntary 
movements  are  but  the  expression  of  an  unhealthy  state  of  Mind;  in 
which,  either  from  an  injudicious  system  of  education,  or  from  habitual 
want  of  self-control  on  the  part  of  the  individual,  the  emotions  are 
allowed  to  exercise  unchecked  domination;  and  in  which  the  Will  is  at 
last  so  weakened,  that  the  subject  of  the  disorder  can  scarcely  be  con- 
sidered as  a  responsible  being. — There  are  other  Hysterical  cases,  again, 
in  which  there  is  less  of  mental  disorder,  but  a  gTsater  physical  excita- 
bility of  the  nervous  system ;  so  that  most  violent  paroxysms  of  a  tetanic 
or  epileptic  chai-acter  are  induced  by  very  slight  stimuli ;  and  any  emo- 
tional excitement  may  act  as  one  among  these  stimuli,  without,  however, 
being  at  all  excessive  in  its  amount.  Here,  too,  the  Will  may  have  a  per- 
fect control  over  the  muscles,  at  all  other  times  than  when  they  are  tlu-owu 
into  violent  action  by  the  reflex  excitability  of  the  Automatic  centres ; 
and  the  treatment  of  such  cases  must  be  in  great  degree  directed  to  the 
removal  of  such  excitability,  which  frequently  depends  upon  some  moi'bid 
condition  of  the  uterus  or  ovaries.  At  the  same  time,  there  is  no  doubt 
that  an  habitually  perturbed  state  of  the  emotions,  and  especially  of  those 
relating  to  sexual  love,  has  a  most  decided  influence  both  in  first  inducing 
and  in  subsequently  maintaining  this  automatic  excitability;  and  that 
whilst  mental  tranquillity  and  self-regulation  are  almost  essential  to 
recoveiy,  nothing  promotes  it  so  much  as  the  supervention  of  a  more 
favom-able  state  of  feeling,  arising  out  of  the  prospective  realization  of 
desires  repressed  or  of  hopes  deferred. — But  there  are  other  states  in 
which  Emotional  excitement  has  a  morbid*  p5wer  of  inducing  muscular 
movements;  and  this  not  through  any  deficiency  of  due  control  over  the 
feelings,  but  often  concun-ently  with  a  want  of  power  to  bring  the  Will  to 
bear  upon  the  muscles.  This  condition  in  its  extreme  form  is  known  as 
Chorea,  the  natm-e  of  which  will  be  hereafter  examined  more  minutely ; 
at  present  it  will  be  sufficient  to  refer  to  some  of  those  slighter  forms  of 
it,  which  have  received  no  definite  appellation.  Thus,  there  are  indi- 
viduals not  at  all  remarkable  for  their  emotional  excitability,  who  cannot 
avoid  making  the  most  extraordinary  gi'imaces  whenever  anything  happens 
which  in  the  least  distm'bs  their  usual  equanimity,  notwithstanding  that 
they  may  make  all  the  efforts  in  their  power  to  prevent  these.*  The 
general  muscular  agitation  of  the  confirmed  Stammerer  is  another  case  in 
point;  here  we  have  a  deficiency  in  the  power  of  the  Will  over  the 
Muscles,  at  first  displayed  only  in  regard  to  those  of  Voice ;  but  when 

*  The  Author  has  a  case  at  present  imder  his  observation,  in  which  not  merely  the  face, 
but  the  body  and  limbs,  are  thrown  into  the  most  extraordinary  contortions,  upon  any  agita- 
tion of  the  feelings,  however  trifling.  This  gentleman,  a  man  of  education  and  intelligence, 
of  extreme  benevolence  of  character,  and  a  mind  habitually  well-regulated,  can  scarcely  walk 
the  streets  without  being  liable  to  the  induction  of  paroxysms  of  this  kind,  by  causes  that 
could  scarcely  liave  been  supposed  capable  of  thus  operating.  For  example,  he  was  one  day 
seized  by  one  of  these  attacks,  in  consecpiencc  of  seeing  a  man  miss  his  footing  (as  lie 
thought)  in  descending  from  the  top  of  an  onniibus  ;  and  the  pleasurable  excitement  of 
meeting  a  friend  usually  induces  the  same  result.  Tlie  tendency  varies  very  considerably 
in  its  degree,  according  to  tiie  general  condition  of  his  healtli. 
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feelings  of  discomfort  have  been  aroused  by  the  faihire  of  attempts  to 
articulate,  this  want  of  voluntary  control  extends  itself  to  the  muscular 
system  in  general,  which  is  thrown  into  a  sort  of  paroxysmal  effort,  tliat 
usually  subsides  only  with  the  explosion  of  the  desiderated  sound. 

799.  The  influence  of  Emotional  excitement  may  operate  upon  the 
muscles,  however,  not  only  in  giving  rise  to  movements  which  can  be 
attributed  to  no  other  source,  but  also  in  afiecting  the  power  of  the  Will 
over  the  muscular  system,  by  intensifying  or  weakening  its  action.  For 
there  can  be  no  doubt  that,  under  the  strong  influence  of  one  class  of  feel- 
ings, the  Will  can  effect  results  such  as  the  individual  would  scarcely  even 
attempt  in  his  calmer  moments;  whilst  the  influence  of  another  class  of 
feelings  is  exercised  in  precisely  the  opposite  direction,  weakening  or  even 
paralysing  the  force  which  was  previously  in  full  activity.  But  the  same 
emotion  does  not  always  act  in  the  same  mode;  thus,  the  fear  of  danger 
may  nerve  one  man  to  the  most  daring  and  vigorous  efibrts  to  avert  it, 
Avhilst  another  is  rendered  powerless,  and  gives  way  to  unavailing  lamen- 
tations; and  the  ai'dent  anticipation  of  success  may  so  unsettle  the 
determinative  energy  of  one  aspirant,  as  to  prevent  him  fi-om  attaining 
his  object,  whilst  another  may  only  be  sustained  by  it  in  the  toilsome 
stniggle  of  which  it  is  the  final  reward.  Now  in  order  that  this  variety 
may  be  explained,  and  the  modus  02Je7'andi  of  the  Emotions  on  strictly 
Volitional*  actions  may  be  dvily  comprehended,  we  must  here  state  two  of 
the  essential  conditions  of  the  latter;  one  of  which  is,  that  there  should 
lie  not  merely  a  distinct  conception  of  the  purpose  to  be  attained,  but  also 
a  belief  that  the  purpose  tvill  or  at  least  mai/  be  attained;  whilst  the 
other  is,  that  the  mental  energy  should  be  to  a  great  extent  withdi-awn 
from  other  objects,  and  should  be  concentrated  upon  that  towards  which 
the  Will  is  directed. — It  is  within  the  experience  of  every  one,  that  there 
is  nothing  which  tends  so  much  to  the  success  of  a  volitional  effort,  as 
a  confident  expectation  of  its  success;  whilst  nothing  is  so  likely  to  induce 
failure,  as  the  apprehension  of  it.  Now,  in  so  far  as  regards  this  mode  of 
their  operation  alone,  the  tendency  of  the  cheerful  or  joyous  emotions 
being  to  suggest  and  keep  alive  the  favoiuuble  anticipations,  whilst  that 
of  the  depressing  emotions  (of  almost  any  kind)  is  to  bring  before  the 
view  all  the  chances  of  failure,  the  former  will  increase  the  power  of  the 
volitional  effort,  and  the  latter  will  diminish  it.  And  they  exert  also 
a  direct  influence  on  the  physical  powers,  through  the  organs  of  circula- 
tion and  respiration;  the  heart's  impulses  being  more  vigorous  and 
regular,  and  the  aeration  of  the  blood  being  more  effectually  performed, 
in  the  former  condition  than  in  the  latter. — But  an  altogether  contrai-y 
efiect  may  be  produced  by  the  operation  of  these  two  classes  of  emotions 
through  the  second  of  the  above  channels.  For  the  more  completely  the 
mental  energy  can  be  brought  into  one  focus,  and  all  distracting  objects 

*  The  term  volitional  was  some  j^ears  since  suggested  bj'  Dr.  Symonds,  in  an  excellent 
essaj-  on  the  '  Connection  between  Mind  and  Muscle,'  published  in  the  "  West  of  England 
Journal,"  1835,  as  expressing  more  emphatically  than  volunianj  the  characters  of  an  action 
proceeding  from  a  distinct  choice  of  the  object,  and  from  a  determinative  effort  to  attam  n. 
The  word  voluntary  may  perhaps  be  applied  to  that  wider  class  of  actions,  m  which  there  is 
no  very  distinct  choice  or  conscious  effort,  but  in  which  the  movement  flows  as  it  were  spon- 
taneously from  the  antecedent  mental  state;  the  consciousness,  however,  being  fully  a^u  c 
to  its  performance,  and  the  will  being  brought  to  bear  deterininatcly  upon  it,  whenever  ai 
opposing  motive  tends  to  check  the  process  or  to  alter  its  direction.    See  §  817. 
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excluded,  the  more  powerful  will  be  the  volitional  effort;  and  the  effect 
of  emotional  excitement  will  thus  in  great  degree  depend  iipon  the  intel- 
lectual constitution  which  the  individual  may  happen  to  possess.    For  if 
he,  have  a  considerable  power  of  abstraction  and  concentration,  and  a  full 
conviction  that  he  has  selected  the  best  or  the  only  means  to  accomplish 
his  end,  the  intensest  fear  of  the  consequences  of  failure  will  only  increase 
the  force  of  the  motive  which  prompts  the  effort;  and  the  whole  energy 
of  which  his  natm-e  is  capable,  will  display  itself  in  the  attempt.  In 
a  man  of  this  temperament,  the  most  joyous  anticipation  of  success  will 
produce  no  abatement  of  his  efforts,  no  distraction  of  his  attention ;  but 
will  rather  tend  to  keep  him  steady  to  his  purpose,  until  it  shall  have  been 
accomplished ;  and  then  only  does  he  dare  to  abandon  himself  to  the 
cmTent  of  ideas  which  roUs-in  upon  his  consciousness,  so  soon  as  his 
attention  is  free  to  entertain  them.    But  the  mind  which  is  deficient  in 
the  power  of  concentrativeness,  is  lamentably  deranged  by  any  kind  of 
emotional  excitement  in  the  performance  of  any  voluntary  effort.  For 
the  fear  of  failm-e  is  constantly  suggesting  to  him  new  distresses,  weakens 
his  confidence  in  any  method  suggested  for  his  action,  and  makes  him 
direct  his  attention,  not  to  some  fixed  plan  as  the  best  or  the  only  feasi- 
ble one,  but  to  any  and  eveiy  means  that  may  present  a  chance  of  suc- 
cess, or  may  even  serve  to  avert  his  thoughts  from  the  di-eaded  cata- 
strophe; whilst,  on  the  other  hand,  the  joyous  anticipation  of  success  leads 
him  to  allow  his  thoughts  to  direct  themselves  towards  all  its  agreeable 
consequences,  instead  of  fixing  his  intellectual  and  volitional  energy  upon 
the  means  by  which  success  is  to  be  attained. 

800.  If  this  be  the  true  solution  of  the  mode  in  which  the  Emotions 
chiefly  affect  the  exercise  of  our  Volitional  powers,  we  should  expect  that 
similar  effects  might  be  indticed,  without  any  Emotional  excitement,  by 
means  which  affect  the  Intellectual  consciousness  alone ;  and  that  thus  an 
action  otherwise  impossible  to  the  individual  may  be  performed  by  him, 
if  (1)  his  mind  be  possessed  with  a  full  assurance  of  success,  and  (2)  his 
entire  motor  energy  be  concentrated  in  the  single  exertion ;  whilst,  on  the 
other  hand,  an  action  which  can  be  ordinai'ily  performed  with  the  greatest 
facility  may  become  absolutely  impossible  to  him,  if  (1)  his  mind  be 
entirely  possessed  with  the  idea  of  its  impossibility,  or  even  (2)  if,  while 
his  judgment  entertains  doubts  of  success,  his  attention  be  distracted  by 
a  variety  of  objects,  so  that  he  cannot  bring  it  to  bear  upon  the  one 
effort  which  may  alone  be  needed. — Now  experience  sh'ows  that  such  is 
really  the  case ;  but  as  this  experience  is  the  most  remarkable  in  regard 
to  certain  states  of  the  mind  in  which  these  two  modes  of  operation  may 
be  worked  in  combination,  it  will  be  sufficient  to  refer  to  them  for  the 
demonstration  (§  §  822,  825).  And,  having  now  sufficiently  considered 
the  physiological  conditions  of  the  purely  Einotional  actions, — which,  in 
regard  alike  to  the  state  of  consciousness  wherein  they  originate,  and  to 
the  share  which  the  Sensorial  centres  have  in  generating  that  state,  may 
be  considered  as  most  nearly  allied  to  the  Consensual, — we  pass-on  to 
those  Psychical  operations,  of  which  the  Cerebrum  must  be  regarded  as 
the  exclusive  instrument. 

801.  Though  it  is  now  universally  admitted  among  Psychologists  that 
the  mind  docs  not  come  into  existence  with  thoughts  ready  formed,  or 
.*  innate  ideas,'  yet  there  are  few  who  will  deny  that  wo  are  born  with  such 


794 


OF  THE  FUNCTIONS  OP  THE  NERVOUS  SYSTEM. 


tendencies  to  thought,  that,  when  these  are  called  into  activity,  certain 
results  are  sure  to  follow;  and  further,  that  whilst  there  is  a  certain 
fundamental  similarity  in  these  tendencies  to  thought,  among  all  minds 
of  ordinary  constitution, — so  that,  when  excited  to  action  in  the  same 
manner,  the  same  results  shall  be  evolved, — yet  that  there  is  sucli  a 
divei'sity  in  the  relative  degree  of  these  tendencies  in  different  indivi- 
duals, as  of  itself  becomes  a  source  of  different  habits  of  thought.  But 
the  habits  of  thought  are  also  determined  in  great  degree  by  the  influ- 
ence of  the  emotions ;  for,  whilst  we  are  disposed  to  give  ourselves  uj)  to 
the  contemplation  of  subjects  with  which  pleasurable  feelings  are  con- 
nected, we  ai-e  equally  prone  to  withdi-aw  our  attention  from  those  that 
are  accompanied  with  feelings  of  pain  or  discomfort ;  and  as  the  relative 
intensity  of  the  different  Emotional  states  varies  greatly  among  different 
individuals,  it  becomes,  as  abeady  noticed  (§  79G),  a  som-ce  of  extreme 
diversity  in  the  formation  of  all  those  conclusions  by  which  the  conduct 
of  life  is .  directed,  and  tends  to  establish  certain  uniformities  of  mental 
action  for  each  individual,  which  constitute  what  is  termed  his  '  charac- 
ter.' But  further,  we  are  not  to  look  merely  at  congenital  peculiarities 
of  psychical  constitution,  as  the  soiu'ce  o^.  original  habitudes  of  thought; 
for  as  the  external  conditions  in  wliich  every  individual  is  placed,  differ 
to  a  certain  extent  from  those  which  affect  each  one  of  his  fellows,  so  does 
it  happen  that,  as  the  development  of  every  kind  of  capacity  for  mental 
action  is  augmented  (like  the  nutrition  of  muscle  and  nerve)  by  its  habi- 
tual exercise,  the  strength  of  that  capacity,  and  its  tendency  to  exert  an 
active  influence  on  the  course  of  thought,  will  partly  depend  upon  the 
degree  in  which  circumstances  call  it  into  play,  especially  during  the 
period  when,  in  the  natural  progress  of  psychical  evolution,  it  is  first 
taking  a  prominent  share  in  the  operations  of  the  mind.  Hence  there  is 
a  set  of  acquired  habitudes  of  thought,  which,  no  less  than  those  dependent 
upon  original  constitution,  determine  the  consequences  of  any  particular 
impression  upon  tlie  '  ideational  consciousness and  which  thus  form  part 
of  the  '  character '  of  each  indiAddual,  at  any  one  period  of  his  existence. 
But  the  psychical  tendencies  of  every  one  undergo  a  consecutive  change 
in  the  progress  of  life.  Infancy,  Childhood,  Youth,  Adolescence,  Adult  age, 
the  period  of  Decline,  and  Senility,  have  all  their  characteristic  phases  of 
psychical  as  of  physical  development  and  decline ;  and  this  is  shown,  not 
merely  in  the  general  advance  of  the  intellectual  powers  up  to  the  period 
of  middle  life,  and  in  their  subsequent  decay,  but  in  a  gi'adual  change  in 
the  balance  of  the  springs  of  action  which  are  furnished  by  the  emotional 
states,  the  pleasures  and  pains  of  each  period  being  (to  a  certain  extent)  of 
a  difterent  order  from  those  of  every  other.  This  diversity  may  be 
partly  attributed  to  changes  in  the  physical  constitution;  thus,  the 
sexual  feeling  which  has  a  most  powerful  influence  on  the  direction  of  the 
thoughts  in  adolescence,  adult  age,  and  middle  life,  has  comparatively 
little  efi"ect  at  the  earlier  and  later  periods.  So,  again,  the  thii-st  for 
novelty,  and  the  pleasure  in  mental  activity,  which  so  remarkably  charac- 
terize the  young,  when  contrasted  with  the  obtuseness  to  new  impressions 
and  the  pleasure  in  tranquil  occupations  which  mark  the  decline  of  hfe, 
may  perhaps  be  attributed,  in  pai't  at  least,  to  the  greater  activity  of  the 
changes,  both  of  disintegration  and  repai-ation,  of  which  the  nervous 
system  (in  common  with  the  rest  of  the  organized  fiibric)  is  the  subject 
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(luring  the  earlier  part  of  life,  and  to  its  diminished  activity  as  years 
.advance.  But  there  are  other  changes,  which  cannot  be  so  distinctly 
t  traced  to  any  physical  source,  but  which  yet  are  sufficiently  constant  in 
!  their  occurrence,  to  justify  their  being  regarded  as  a  part  of  the  develop- 
!  meiital  history  of  the  psychical  nature  j  so  that  each  of  the  '  Seven  Ages 
.  of  Man'  has  its  own  chai-acter,  which  may  be  with  difficulty  defined  in 
^  words,  but  which  is  recognized  by  the  apprehension,  as  it  forces  itself 
\  upon  the  experience,  of  every  one, 

802.  It  is  imiversally  admitted  that,  notwithstanding  all  the  obvious 
>  diversities  of  Human  character  and  Mental  action,  there  are  certain 
1  fundamental  uniformities  which  may  be  traced  throughout  the  whole  of 
•  this  series;  and  it  is  on  the  basis  afforded  by  these,  that  the  Science  of 
Psychology  is  erected,  to  which  may  be  appUed,  with  a  mere  alteration  of 
form,  the  definition  given  of  Physiology  in  the  first  page  of  this  treatise  : 
— "  The  object  of  the  science  of  Psychology  is  to  bring  together,  in  a 
systematic  form,  the  phenomena  which  normally  present  themselves 
dming  the  existence  of  thinking  minds ;  and  to  classify  and  compare 
these  in  such  a  manner,  as  to  deduce  from  them  those  general  Laws  or 
Principles  which  express  the  conditions  of  their  occurrence,  and  to  deter- 
mine the  causes  to  which  they  are  attributable."  As  our  present  object, 
however,  is  not  to  investigate  the  operations  of  the  Mind  itself,  but  only 
to  consider  their  relations  to  those  of  the  bodily  Organism,  we  shall  here 
enter  into  the  examination  of  the  natm-e  and  laws  of  psychical  phenomena, 
only  so  far  as  may  be  requisite  for  the  due  explanation  of  those  bodily 
changes  which  are  related  to  them. — Of  the  nature  of  the  connection 
between  Nei-vous  action  and  Mental  action,  we  can  form  no  distinct  idea. 
Few  Physiologists  would  be  disposed  to  deny  that  the  Cerebrum  is  the 
instrument  of  Psychical  powers ;  and  yet  no  one  has  been  able  to  form 
a  self-consistent  theoiy  of  the  mode  in  whieh  it  is  so.  Some,  who  have 
attended  exclusively  to  the  close  relationship  which  indubitably  exists 
between  corporeal  and  mental  states,  have  thought  that  all  the  operations 
of  the  Mind  are  but  expressions  or  manifestations  of  material  changes  in 
the  Brain ;  that  thus  Man  is  but  a  thinking  machine,  his  conduct  being 
enthely  determined  by  his  original  constitution,  modified  by  subsequent 
conditions  over  which  he  has  no  control,  and  his  fancied  power  of  self- 
direction  being  altogether  a  delusion;  and  that  notions  of  'duty'  or 
'  responsibihty' have  no  real  foundation,  Man's  character  being  formed 
for  him  and  not  hy  him,  and  his  mode  of  action  in  each  individual  case 
being  simply  the  consequence  of  the  reaction  of  his  Cerebrum  upon  the 
circumstances  which  called  it  into  play.*  On  this  view,  what  is  com- 
monly termed  Criminality  is  but  one  form  of  Insanity,  and  ought  to  be 

*  For  the  latest  .ind  most  thorough-going  expression  of  this  doctrine,  see  the  "  Letters  on 
the  Laws  of  Man's  Nature  and  Development,"  by  Henry  G.  Atkinson  and  Harriet  Marti- 
neau. — A  few  extracts  will  suffice  to  show  the  bearings  of  this  system  of  philosophy. 
"  Instinct,  passion,  thought,  &c.  are  effects  of  organized  substances."  "  All  causes  are 
material  causes."  "  In  material  conditions  I  find  the  origin  of  all  religions,  all  philosophies, 
all  opinions,  all  virtues,  and  '  spiritual  conditions  and  influences,'  in  the  same  manner  that  I 
find  the  origin  of  all  diseases  and  of  all  insanities  in  material  conditions  and  causes."  "  I  am 
what  I  am;  a  creature  of  necessity;  I  claim  neither  merit  nor  demerit."  "I  feel  that  I  am 
as  completely  the  result  of  my  nature,  and  impelled  to  do  what  I  do,  as  the  needle  to  point  to 
the  north,  or  the  puppet  to  move  according  as  the  string  is  pulled."  "  I  cannot  alter  my  will, 
or  be  other  than  what  I  am,  and  cannot  deserve  either  reward  or  punishment."  ' 
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treated  as  such ;  Insanity  itself  is  nothing  else  than  a  disordered  action  of 
the  Brain ;  and  the  highest  elevation  of  Man's  Psychical  nature  is  to  be 
attained  by  due  attention  to  all  the  conditions  which  favour  his  physical 
development.  But  again,  there  are  others  who  have  hmited  themselves 
to  tlie  cognizance  of  Mental  phenomena,  and  who  maintain  the  very 
opposite  doctrine  in  regard  to  their  nature  and  som-ce.  To  them  the 
Mind  appears  in  the  light  of  a  separate  immaterial  existence,  mysteri- 
ously connected,  indeed,  with  a  bodily  instrument,  but  not  dependent 
upon  this  in  any  other  way  for  the  conditions  of  its  operation,  than  as 
deriving  its  knowledge  of  external  things  through  its  agency,  and  as 
making  use  of  it  to  execute  its  determinations,  so  far  as  these  relate  to 
material  objects.  On  this  hypothesis,  the  operations  of  the  Mind  itself, 
having  no  relation  whatever  to  those  of  Matter,  are  never  themselves 
affected  by  conditions  of  the  corporeal  organism,  whose  irregularities  or 
defects  of  activity  only  pervert  or  obscui'e  the  outward  manifestations  of 
the  Mind,  j  ust  as  the  light  of  the  brightest  lamj)  may  be  dimmed  or 
distorted  by  passing  tlu-ough  a  bad  medium ;  and,  fiui,her,  as  the  Mind  is 
thus  independent  of  its  material  tenement,  and  of  the  circumstances  iu 
which  this  may  chance  to  be  placed,  but  is  endowed  with  a  complete 
power  of  self-government,  it  is  responsible  for  all  its  actions,  which  must 
be  judged-of  by  certain  fixed  standards.  Those  who  most  fully  and  legi- 
tim.ately  carry-out  this  doctrine,  are  ready  to  maintain  that  even  in  the 
state  of  Intoxication,  there  is  no  truly  mental  perversion,  and  that,  in 
spite  of  appearances,  the  mind  of  the  Lunatic  {divinoe  ^^cirticula  aurce)  is 
perfectly  sound,  its  bodily  instrument  being  alone  disordered. 

803.  Now  the  first  of  these  doctrines,  legitimately  designated  the 
Materialist,  recognizes  certain  great  facts,  on  which  the  Physiologist  can 
scarcely  entertain  a  doubt,  notwithstanding  the  denial  of  their  validity 
by  those  who  have  had  comparatively  little  opportunity  of  observing 
them;  we  refer  to  the  influence  of  the  Body  upon  the  Mind,  of  jihysical 
ui)on  psychical  states;  an  influence  which  no  one  will  fail  to  recognize, 
who  studies  its  phenomena  with  freedom  from  preconceived  theory.  But 
in  reducing  the  Thinking  Man  to  the  level  of  "a  puppet  that  moves 
according  as  it  strings  are  pulled,"  it  is  so  utterly  antagonistic  to  our 
own  consciousness  of  possessing  a  self-determining  power, — whilst,  m 
piitting  aside,  as  mere  delusions,  what  we  feel  to  be  the  noblest  concep- 
tions of  our  nattu-e,  it  is  so  thoroughly  repugnant  to  the  almost  intuitive 
convictions  which  we  di-aw  from  the  simplest  application  of  our  Intelli- 
gence to  om-  own  Moral  Sense, — that  we  feel  its  essential  fallacies  with  a 
certainty  that  renders  logical  proof  quite  irrelevant. — On  the  other  hand, 
the  pm-ely  Spiritualist  doctrine  is  no  less  encumbered  with  difficulties, 
nor  less  opposed  to  facts  of  most  famihar  occurrence.  For  whilst  it  fully 
recognizes  all  that  the  other  ignores,  it  ignores  all  that  it  recognizes;  and 
in  placing  the  Mind  outside  of  the  Body  (so  to  speak),  and  in  denymg 
that  the  action  of  the  Mind  is  ever  disordered  by  corporeal  conditions,  it 
places  us  in  the  dilemma  of  either  rejecting  the  plainest  evidence,  or  oi 
admitting  that,  after  all,  we  know  nothing  whatever  about  the  Mma 
itself,  all  that  we  do  know  being  that  lower  part  of  our  mental  iiatiu;e 
which  operates  on  the  body  and  is  in  its  turn  affected  through  it.  J^or  i 
must  be  admitted  that,  in  the  delirious  ravings  of  Intoxication  or  of  levei^ 
or  in  the  perverted  reasoning  of  the  Lunatic,  we  have  the  same  evideuc 
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I"  mental  operation,  that  we  have  in  the  sayings  and  doings  of  the  same 
idividuals  in  a  state  of  sanity;  and  ample  testimony  to  this  eflFect  is 
ime  by  those,  who  have  observed  their  own  mental  state  during  the 
I  cess  of  these  conditions,  and  who  have  described  the  alteration  which 
ikes  place  in  the  course  of  their  thoughts,  when  as  yet  neither  the 
■ensorial  nor  the  motor  apparatus  was  in  the  least  perturlDed.*  Nothing 
■;iu  be  more  plain  to  the  unprejudiced  observer,  than  that  the  introduc- 
u  of  Alcohol,  or  Opium,  or  other  intoxicating  agents,  into  the  circu- 
iiug  system,  perverts  the  action  of  the  mind,  disordering  the  usual 
sequence  of  phenomena  most  purely  psychical,  and  occasioning  new  and 
^tstiuuge  results  which  are  altogether  diverse  from  those  of  its  normal  ope- 
ration.   And  when  once  this  influence  of  physical  conditions  upon  mental 
phenomena  has  been  admitted,  we  can  scarcely  refrain  from  attributing 
;  to  it  a  very  wide  range  of  action ;  seeing  as  we  do  how  very  much  the 
.due  balance  of  the  Emotions  is  dependent  upon  the  purity  of  the  blood 
iand  the  general  vigour  of  the  system,  and  how  strangely  the  normal 
■  succession  of  Intellectual  operations  may  be  interrupted  or  altered  by 
local  affections  of  the  Cerebrum.    No  Physiologist  could  ventiu-e  to 
deny,  in  the  face  of  the  crowd  of  facts  which  force  themselves  on  his 
attention,  that  all  Mental  phenomena  are  inextricably  linked  with  "Vital 
changes  in  the  Nervous  system;  and  that  the  regular  performance  of  the 
latter  (which  we  have  seen  to  be  dependent  on  the  due  combination  of 
physical  and  dynamical  conditions)  is  essential  to  the  normal  sequence  of 
the  former.    Nor  can  any  one  who  duly  examines  the  evidence  which 
has  been  collected  on  the  subject  of  Idiocy  and  Cretinism,  feel  any  doubt 
that,  in  the  original  development  of  the  Mental  powers,  the  healthful 
activity  of  the  Corporeal  organism  has  just  as  important  a  share,  as  it  has 
in  their  subsequent  maintenance. 

804.  It  may  be  fairly  asked,  then,  whether  there  be  any  mode  of  com- 
bining the  truths  contained  in  the  Materiahst  and  Spiritualist  doctrines, 
and  of  separating  them  from  their  associated  errors;  and  whether  any 
general  expression  can  be  framed,  which  may  be  in  harmony  alike  with 
the  residts  of  scientific  inquiry  into  objective  facts,  and  with  those 
simple  teachings  of  our  own  consciousness,  which  must,  after  all,  be 
recognized  as  affording  the  ultimate  test  of  the  truth  of  all  Psychological 
doctrines.  The  Author  is  not  without  hope  that  some  approach  to  such 
a  solution  may  be  found  in  the  views  of  which  the  following  is  an  out- 
line; and  although  far  fi'om  regarding  them  as  expressing  the  whole 
truth,  or  as  solving  all  the  difficulties  of  the  subject,  he  considers  that 
they  express  so  much  mo7'e  than  any  scheme  he  has  ever  heard  of,  that 
he  ventm-es  to  request  for  them  a  thoughtful  consideration  on  the  part  of 
those  who  feel,  with  him,  the  importance  of  attaining  some  definite 
conceptions  on  this  head. — In  the  first  place  it  may  be  remarked,  that 
the  whole  tendency  of  Philosophical  Investigation  at  the  present  day  is 
to  show  the  utter  futility  of  all  the  controversies  which  have  been  earned 
on  with  regard  to  the  relation  of  Mind  and  Matter.  The  essential  nature 
of  these  two  entities  is  such,  that  no  relation  whatever  can  exist  between 
them.    Matter  possesses  extension,  or  occupies  space;  whilst  Mind  has 

•  See  especially  the  work  of  M.  Moreau  "  Du  Hachisch  et  dc  rAHenation  Mentalo 
Etudes  Psychologiques,"  Paris,  1845;  and  the  well-known  "Confessions  of  an  Enirlisli 
Opium- Eater." 
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110  such  property.  On  the  other  hand,  we  are  cognizant  of  Matter  only 
through  its  occupation  of  space,  of  which  we  are  informed  through  our 
senses ;  we  are  cognizant  of  the  existence  of  Mind  by  our  du-ect  conscious- 
ness of  feehngs  and  ideas,  which  are  to  us  the  most  certain  of  all  reahties. 
But,  what  is  perhaps  a  more  important  distinction,  the  existence  of 
Matter  is  essentially  x>(issive;  left  to  itself,  it  always  imjDresses  our  con- 
sciousness in  one  and  the  same  mode;  and  any  change  in  its  condition  is 
the  consequence  of  external  agency.  What  have  been  termed  the  active 
states  of  matter,  are  really  the  manifestations  of  forces,  of  which  wo  can 
conceive  as  having  an  existence  independent  of  matter,  and  as  having  no 
other  relation  to  it  than  that  which  consists  in  their  capability  of  changing 
its  state.  Thus  Water  continues  unchanged  so  long  as  its  temperature 
remains  the  same;  but  the  dynamical  agency  of  Heat  occasions  that 
mutual  repulsion  between  its  particles,  which  transforms  it  from  a  non- 
elastic  liquid  into  an  elastic  vapour;  and  aU  that  heat  is  given  forth 
from  it  again,  when  the  aqueous  vapour  is  transformed  back  to  the 
liquid  state.  On  the  other  hand,  the  existence  of  Mind  is  essentially 
active;  all  its  states  are  states  of  change,  and  we  know  nothing  Avhatever 
of  it  save  by  its  changes.  Sensations,  Perceptions,  Ideas,  "Emotions, 
Reasoning  processes,  &c.,  in  fact  every  term  which  expresses  a  Mental 
state,  is  a  designation  of  a  phase  of  mental  existence  which  intervenes 
between  other  phases,  in  the  continual  succession  of  which  our  idea  of 
Mind  consists. 

805.  But  whilst  between  Matter  and  Mind  it  is  utterly  vain  to  attempt 
to  establish  a  relation  of  identity  or  analogy,  a  very  close  relation  may  be 
sliown  to  exist  between  Mind  and  Force.  For,  in  the  first  place.  Force, 
like  Mind,  can  be  conceived-of  only  as  in  a  state  of  activity;  and  our  idea 
of  it  essentially  consists  in  the  succession  of  different  states,  under  which 
its  manifestations  present  themselves  to  our  consciousness.  But,  secondly, 
our  consciousness  of  Force  is  almost  as  direct,  as  is  that  of  our  own  mental 
states  ;  our  notion  of  it  being  based  upon  our  internal  sense  of  the  exer- 
tion which  we  determinately  make  to  develope  one  form  of  Force,  which 
may  be  taken  as  the  type  of  all  the  rest, — that,  namely,  which  produces 
or  which  resists  motion.  When  we  attempt  to  lift  a  weight,  or  to  put  a 
windlass  in  motion,  or  to  stop  a  horse  that  is  running  away,  we  are 
directly  conscious  of  a  mental  exertion,  as  the  immediate  and  inva- 
luable antecedent  of  the  development  of  motor  power  thi'ough  the  con- 
traction of  our  muscles ;  and  the  connection  of  the  two  is  further  esta- 
blished by  that  'sense  of  effort'  which  we  intuitively  refer  to  the  muscles 
themselves,  arising  as  it  does  from  their  own  condition  (§  754) ;  and  thus 
we  are  led  to  feel  that,  in  this  particular  case,  Force  must  be  regarded  as 
the  direct  expression  or  manifestation  of  that  Mental  state  which  we  call 
Will.  The  analogy  becomes  stronger,  when  we  trace  it  into  the  relations 
which  these  two  agencies  respectively  bear  to  Matter.  For  in  the  pheno- 
menon of  Voluntary  movement,  we  can  scai'cely  avoid  seeing  that  Mind 
is  one  of  the  dynamical  agencies  which  is  capable  of  acting-on  Matter; 
and  that,  like  other  such  agencies,  the  mode  of  its  manifestation  is 
affected  by  the  nature  of  the  material  substratum  through  which  its 
influence  is  exerted.  Thus,  the  Physiologist  knows  full  well,  that  the 
immediate  operation  of  the  Will  is  not  upon  the  Muscle  but  upon  the 
Brain,  wherein  it  excites  that  active  state  of  Nervous  matter,  which  he 
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losignates  as  the  operation  of  Nerve-force ;  and  that  the  propagation  of 
I  this  force  along  the  Nerve-truuks  is  the  determining  cause  of  the  Mus- 
cular contraction,  which  is  the  immediate  source  of  the  motor  power, 
i  He  knows,  too,  that  this  dynamical  metamorphosis  is  effected  (like  every 
other  analogous  change)  by  the  intermediation  of  a  peculiar  material 
^  mbsti-atuni,  which  itself  undergoes  a  change  of  condition  ;  the  components 
i  lioth  of  the  Nervous  and  Muscular  substances,  ceasing  to  exist  under  their 
;.pre\aous  forms,  and  entering  into  new  combinations. — Thus,  then,  we 
have  evidence,  in  what  we  know  of  the  physiological  conditions  under 
» which  Mind  produces  Motion,  that  certain  forms  of  Vital  Force  constitute 
;  the  connecting  link  between  the  two  ;  and  it  is  difficult  to  see  that  the 
:  dynamical  agency  which  we  term  Will  is  more  removed  from  Nerve-force, 
on  the  one  hand,  than  Nerve-force  is  removed  from  Motor  force  on  the 
other.  Each,  in  giving  origin  to  the  next,  is  itself  expended,  or  ceases  to 
exist  as  such;  and  each  bears,  in  its  own  intensity,  a  precise  relation  to 
that  of  its  antecedent  and  its  consequent. — But  we  have  not  only  evi- 
dence of  the  excitement  of  Nerve-force  by  Mental  agency ;  the  converse 
is  equally  true,  Mental  activity  being  excited  by  Nerve-force.  For  this 
is  the  case  in  evei-y  act  in  which  our  Consciousness  is  excited  through 
the  instiTimentality  of  the  Sensorium,  whether  its  condition  be  affected 
by  impressions  made  upon  Organs  of  Sense,  or  by  changes  in  the  state  of 
the  Cerebrimi  itself  j  a  certain  active  condition  of  the  nervous  matter  of 
the  Sensorium,  being  (we  have  every  reason  to  believe)  the  immediate 
antecedent  of  all  consciousness,  whether  sensational  or  ideational.  And 
thus  we  are  led  to  perceive,  that,  as  the  power  of  the  Will  can  develope 
Nervous  activity,  and  as  Nerve-force  can  develope  Mental  activity,  there 
must  be  a  Correlation  between  these  two  modes  of  dynamical  agency, 
which  is  not  less  intimate  and  complete  than  that  which  exists  between 
Nerve-force  on  the  one  hand,  and  Electricity  or  Heat  on  the  other 
(§  36-5).  This  idea  of  Correlation  of  Forces  will  be  found  completely  to 
harmonize  with  those  phenomena  akeady  referred-to,  which  unmistakeably 
indicate  the  influence  of  physical  conditions  in  the  determination  of 
mental  states  (§  803) ;  whilst,  on  the  other  hand,  it  explains  that  rela- 
tion between  Emotional  excitement  and  bodily  change,  which  is  mani- 
fested in  the  subsidence  of  the  former,  when  it  has  expended  itself  in  the 
production  of  the  latter  (§  797).  And  further,  it  will  be  found  no  less 
applicable  to  the  explanation  of  all  that  automatic  action  of  the  Mind, 
which  consists  in  the  succession  of  ideas,  according  to  certain  '  laws  of, 
thought,'  without  the  exercise  of  any  control  or  direction  on  the  part  of 
the  individual  to  whose  consciousness  they  present  themselves,  and  which 
manifests  itself  in  the  action  of  those  ideas  upon  the  centres  of  movement. 
For  this  succession  must  be  regarded  as  the  exponent  of  a  series  of 
changes  taking  place  in  the  Cerebrum  itself,  in  respondence  to  impressions 
made  upon  it ;  whilst  the  motions  which  proceed  from  these  must  be  con- 
sidered as  being  no  less  the  results  of  its  '  reflex '  operation,  than  are  the 
'  consensual '  of  the  reflex  action  of  the  Sensoiy  Ganglia,  and  the  '  excito- 
motor'  of  that  of  the  Spinal  Cord.*    For  all  Physiological  purposes,  then, 

*  The  application  of  the  doctrine  of  '  reflex  action  '  to  the  Brain,  was  first  fully  developed 
by  Dr.  Laycock  of  York,  in  a  paper  '  On  the  Reflex  Function  of  the  Brain,'  read  before  the 
Medical  Section  of  the  British  Association  at  its  meeting  in  York,  Sept.,  1844,  and  after- 
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we  may  consider  the  nervous  matter  of  the  Cerebrum  as  the  material 
substratum  through  which  the  metamorphosis  of  Nerve-force  into  Mind- 
force,  and  of  Mind-force  into  Nerve-force,  is  effected ;  and  as  every  such 
metamorphosis  involves,  hke  other  analogous  transformations,  a  change  in 
the  state  of  the  matter  through  which  it  is  effected,  so  should  we  expect 
that  Mental  activity  would  involve  the  disintegration  of  the  Nervous 
substance  which  thus  ministers  to  it;  and  such  appears  (§§  358-3G2), 
from  a  variety  of  evidence,  to  be  really  the  case. 

806.  It  is  obvious  that  the  view  here  taken  does  not  in  the  least  mili- 
tate against  the  idea,  that  Mind  may  have  an  existence  altogether,  inde- 
pendent of  the  Material  body  tln;ough  which  it  here  manifests  itself. 
All  which  has  been  contended  for  is,  that  the  connection  between  the 
Mind  and  Body  is  such,  that  each  has,  in  virtue  of  its  constitution,  a 
determinate  relation  to  the  other,  in  this  present  state  of  existence  (which 
is  all  of  which  Science  can  legitimately  take  cognizance) ;  and  that  the 
actions  of  our  Minds,  in  so  far  as  they  are  carried-on  tvithout  any  inter- 
ference from  our  Will,  may  be  considered  (in  the  limited  sense  formerly 
explained,  §  395)  as  functions  of  the  Cerebrum.  —  On  the  other  hand,  in 
the  control  and  direction  which  the  Will  has  the  power  of  exerting  over 
the  course  of  the  thoughts,  we  have  the  evidence  of  a  new  and  inde- 
pendent power,  which  is  entirely  opposed  in  its  very  nature  to  all  the 
automatic  tendencies,  and  which,  according  as  it  is  habitually  exerted, 
tends  to  render  the  individual  a  free  agent.    And,  truly,  in  the  existence 
of  this  Power,  which  is  capable  of  dominating  over  the  very  highest  of 
those  operations  that  we  know-of  as  connected  with  corporeal  states, 
we  find  a  better  evidence  than  we  gain  from  the  study  of  any  other 
part  of  oxxv  psychical  nature,  that  there  is  an  entity,  wherein  Man's  nobi- 
lity essentially  consists,  which  does  not  depend  for  its  existence  on  any 
play  of  physical  or  vital  forces,  but  makes  these  subservient  to  its  deter- 
minations.   It  is,  in  fact,  in  virtue  of  the  Will,  that  we  are  not  mere 
thinking  automata,  mere  puppets  to  be  pulled  by  suggest  Id  g-strings, 
capable  of  being  played-upon  by  every  one  who  shall  have  made  himself 
master  of  our  springs  of  action.    It  may  be  freely  admitted  that  such 
thinking  automata  do  exist :  for  there  are  many  individuals  whose  Will 
has  never  been  called  into  due  exercise,  and  who  gradually  almost  entirely 
lose  the  power  of  exerting  it,  becoming  the  mere  creatures  of  habit  and 
imptdse ;  and  there  are  others  in  whom  (as  we  shall  hereafter  see)  such 
states  are  of  occasional  occurrence  ;  whilst  in  othei's,  again,  they  may  be 
artificially  induced.    And  it  is  by  the  study  of  those  states  in  which  the 
Will  is  completely  in  abeyance, — the  course  of  thought  being  entirely 
determined  by  the  influence  of  suggestions  upon  the  Mind,  whose  mode  of 
reaction  upon  them  depends  upon  its  original  pecidiarities  and  subse- 

wards  published  in  the  "  Brit,  and  For.  Med.  Rev.,"  vol,  xix.— Not  having  recognised  what 
appears  to  the  Author  the  essential  distinction,  both  in  their  anatomical  and  physiological 
relations,  between  the  Sensory  Ganglia  and  the  Cerebrum  or  Hemispheric  Ganglia,  Dr- 
Laycock  did  not  mark-out  the  distinction  between  the  '  sensor i-moiov'  or  'consensual^ 
actions,  which  are  the  manifestations  of  the  reflex  power  of  the  former,  and  the  '  ideo-moiov 
actions  which  depend  upon  the  reflex  action  of  the  latter.  But  in  adopting  that  part  of  it 
which  is  strictly  applicable  to  the  Cerebrum,  and  in  applying  it  to  those  various  states  whicfi 
agree  in  the  common  characteristic  of  the  existence  of  Mental  Activity  without  \  olitional 
control,  the  Author  considers  that  he  is  merely  giving  greater  dcfiniteness  and  a  wider  appli- 
cation to  Dr.  Laycock doctrine. 
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queiitly-acquirecl  habits,  —  and  by  the  comparison  of  such  states  with 
that  in  which  an  individual,  in  full  possession  of  all  his  faculties,  and 
accustomed  to  the  habitual  control  and  direction  of  his  thoughts,  deter- 
minately  applies  his  judgment  to  the  formation  of  a  decision  between 
vatious  plans  of  action,  involving  the  appreciation  of  opposing  motives, 
—  that  we  shall  obtain  the  most  satisfactory  ideas  of  what  share  the  Will 
really  takes  in  the  operations  of  our  minds  and  in  the  direction  of  our 
conduct,  and  of  what  must  be  set  down  to  the  Automatic  operation  of  our 
psychical  nature. 

807.  We  shall  now  briefly  pass  in  review  the  chief  of  those  modes  of 
Psychical  activity,  which  constitute  in  the  aggregate  what  we  are  accus- 
tomed to-  term  the  Intellectual  Powers.  And  the  first  of  these  in  order 
of  development,  and  that  which  lies  at  the  foundation  of  all  the  rest,  is 
the  Association  of  Ideas,  tliSit  is,  the  formation  of  such  a  connexion  be- 
tween two  or  more  ideas,  that  the  consciousness  of  one  tends  to  bring  the 
other  also  before  the  consciousness ;  or,  in  other  words,  each  tends  to 
suggest  the  other.  Certain  laws  of  Association,  expressive  of  the  condi- 
tions under  which  this  connection  is  formed,  and  the  mode  in  which  it 
acts,  have  been  laid  down  by  Psychologists  ;  and  these  may  be  concisely 
stated  as  follows  : —  1.  Lata  of  Contiguity.  Two  or  more  states  of  con- 
sciousness, habitually  existing  together  or  in  immediate  succession,  tend 
to  cohere,  so  that  the  future  occurrence  of  any  one  of  them  is  sufficient 
to  restore  or  revive  the  other.  It  is  thus  (to  take  a  simple  illustration) 
that  the  impressions  made  upon  om*  sensational  consciousness  by  natural 
objects,  which  are  usually  received  through  two  or  more  senses  at  once, 
are  compacted  into  those  aggregate  notions,  which,  however  simple  they 
may  appear,  are  really  the  result  of  the  intimate  combination  of  many 
distinct  states  of  ideation.  Thus  our  notion  of  i\ie  form  of  an  object  is 
made  up  of  sepai'ate  notions  derived  fi-om  the  visual  and  muscular  senses 
respectively ;  om-  notion  of  the  character  of  its  surface,  from  the  combi- 
nation of  impressions  received  through  the  visual  and  tactile  senses ;  and 
with,  both  of  these  om'  notion  of  colour,  as  in  the  case  of  an  orange,  may 
be  so  blended,  that  we  do  not  readily  conceive  of  its  characteristic  form 
and  surface,  without  also  having  before  our  minds  the  hue  with  which 
these  have  been  always  associated  in  our  experience.  So,  again,  the 
external  aspect  of  a  body  suggests  to  our  minds  its  internal  arrangement 
and  qualities,  such  as  we  have  before  found  them  invariably  to  be ;  thus, 
to  use  the  preceding  illustration,  the  shape  and  coloiir  of  the  orange 
bring  before  om-  consciousness  its  fragrant  odom*  and  agTeeable  taste,  as 
well  as  the  internal  structure  of  the  fruit.  And  our  notion  of  an  orange 
must  be  considered  as  the  aggregate  of  all  the  preceding  ideas. — Not  only 
the  different  ideas  excited  by  one  object,  but  those  called-up  by  objects 
entirely  dissimilar,  may  thus  come  to  be  associated,  provided  that  the 
mind  has  been  accustomed  to  the  presentation  of  them  in  frequent  conti- 
guity one  with  the  other.  Such  conjunctions  may  be  natm-al,  that  is, 
they  may  ai'ise  out  of  the  '  order  of  nature ;'  or  they  may  be  artificial, 
being  due  to  human  arrangements  j  all  that  is  requisite  is,  that  they 
should  have  sufficient  permanence  and  constancy  to  habituate  our  minds 
to  the  association. — Of  this  law  of  contiguity,  moreover,  we  have  a  most 
important  examjjle  in  the  association  which  the  mind  early  leai'ns  to 
form  between  successive  events,  so  that  Avhen  the  first  has  been  followed 
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by  the  second  a  sufficient  number  of  times  to  form  the  association,  the 
occun-ence  of  the  first  suggests  the  idea  of  the  second;  if  that  idea  be 
verified  by  its  occurrence,  a  definite  exjoectation  is  formed ;  and  if  that 
expectation  be  unfailingly  realized,  the  idea  acquires  the  strength  of  a 
belief.  And  thus  it  is  that  we  come  to  acquire  that  part  of  the  notion  of 
'  cause  and  effect,'  which  consists  in  invariable  and  necessary  sequence 
(see  p.  3),  and  to  form  our  fundamental  conception  of  the  invai'iability 
of  Nature.  It  is  by  the  same  kind  of  operation,  again,  that  Ave  come  to 
employ  words  as  the  symbols  of  ideas,  for  the  convenience  of  intercom- 
munication and  reference  (§  790);  a  certain  number  of  repetitions  of  the 
sound,  concurrently  with  the  sight  of  the  object,  or  the  suggestion  of  the 
notion  of  that  object,  being  sufficient  to  establish  the  required  relation  in 
our  minds.  Of  the  lai'ge  share  which  this  kind  of  action  takes  in  the 
operations  of  Memory  and  Recollection,  evidence  will  be  presently  given. 
— The  readiness  with  which  these  Associations  ai'e  formed,  varies  greatly 
in  different  individuals  and  at  different  periods  of  life.  As  a  general  rule, 
it  is  far  gi-eater  during  the  period  of  growth  and  development,  than  after 
the  system  has  come  to  its  full  maturity ;  and  remembering  that  those 
new  functional  relations  between  other  parts  of  the  Nervous  system, 
which  give  rise  to  the  '  secondarily-automatic'  movements  or  acquired  in- 
stincts, are  formed  during  the  same  period,  it  seems  fair  to  sm-mise  that 
the  substance  of  the  Cerebrum  grvivs-to  the  conditions  under  which  it  is 
habitually  exercised ;  and  as  its  subsequent  nutrition  (according  to  the 
genei'al  laws  of  assimilation,  §  591)  takes  place  on  the  same  plan,  we  can 
understand  the  well-known  force  of  early  associations,  and  the  obstinate 
persistence  of  early  habits  of  thought. 

808.  But  a  not  less  important  '  tendency  to  thought,'  and  one 
whose  operation  is  more  concerned  in  all  the  higher  exercises  of  our 
reasoning  faculties,  is  that  which  may  be  expressed  under  the  designation 
of  the  Law  of  Similarity,  and  which  consists  in  the  general  fact  that  any 
present  state  of  consciousness  tends  to  revive  previous  states  that  are 
similai-  to  it.  It  is  thus  that  we  instinctively  invest  a  new  object  with 
the  attributes  we  have  come  to  recognize  in  one  that  we  have  pre- 
viously examined,  to  which  the  new  object  bears  such  a  resemblance,  that 
the  sight  of  the  latter  suggests  those  ideas  which  our  minds  connect  with 
the  former.  Thus,  we  will  suppose  a  man  to  have  once  seen  and  eaten  an 
orange ;  when  he  sees  an  orange  a  second  time,  although  it  may  be  some- 
what larger  or  smaller,  somewhat  rougher  or  smoother,  somewhat  hghter 
or  darker  in  hue,  he  recognizes  it  as  an  orange,  and  mentally  assigns  to  it 
the  fragi-ance  and  sweetish  acidity  of  the  one  which  he  had  previ- 
ously eaten.  But  if,  instead  of  being  yellow,  the  fi'uit  were  green,  he 
would  doubt  of  its  being  an  orange ;  and  if  assm-ed  that  it  still  was,  but 
had  not  come  to  maturity,  he  would  no  longer  expect  to  find  it  sweet, 
the  notion  of  intense  acidity  being  suggested  to  his  mind  by  his  pre\aous 
experience  of  other  green  and  unripe  fruit. — It  is  in  virtue  of  this  kind  of 
action,  that  we  extend  those  elementary  notions  which  are  primarily 
excited  by  sensation,  to  new  objects.  Thus,  the  idea  of  roundness  (like 
other  notions  of  form)  is  originally  based  on  the  combination  of  the 
muscular  and  visual  sensations,  and  must  be  first  acquired  by  a  process  or 
considerable  complexity;  but  when  once  derived  from  the  examination  ot 
a  single  object,  it  is  readily  extended  to  other  objects  of  the  same  charac- 
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ter. — So,  again,  it  is  by  the  operation  of  this  mental  tendency,  that  we 
recognize  similarity  where  it  exists  in  the  midst  of  difference,  and  sepa- 
rate the  points  of  agreement  from  those  of  discordance;  and  this,  again, 
not  merely  as  regards  objects  which  are  before  our  consciousness  at  the 
same  time  or  in  close  succession,  but  also  with  regard  to  all  past  states  of 
consciousness.    It  is  thus  that  we  identify  and  compare,  that  we  lay  the 
foundations  of  classification,  and  that  we  recover  all  past  impressions 
which  have  anything  in  common  with  our  present  state  of  consciousness. 
The  intensity  of  this  tendency,  and  the  habitual  direction  which  it  takes, 
vary  extremely  in  different  individuals.    Some  have  so  great  an  inca- 
pacity for  recognizing  similai'ity,  that  they  can  only  perceive  it  when  it  is 
in  marked  prominence,  their  minds  taking  much  stronger  note  of  dif- 
ferences; whilst  others  have  a  strong  bias  for  the  detection  of  resem- 
blances and  analogies,  and  discover  them  where  ordinary  minds  cannot 
recognize  them.    Some,  again,  addi'ess  themselves  to  the  discovery  of 
similarity  among  objects  of  sense,  whilst  others  study  only  those  ideas 
which  lU'e  the  objects  of  our  internal  consciousness;  and  it  is  in  the 
detection  of  what  is  essentially  similar  among  the  latter,  that  all  the 
higher  operations  of  the  intellect  essentially  consist.    Even  here  we  find 
that  some  are  contented  with  superficial  analogies,  whilst  others  are  not 
satisfied  xmtil  they  have  penetrated  by  analysis  to  the  depths  of  the 
subject,  and  are  able  to  compare  its  fundamental  idea  with  others  of  like 
kind. — It  is  this  habit  of  mind,  which  is  of  essential  value  in  all  the 
sciences  of  Classification  and  Induction.  Thus,  in  the  formation  of  generic 
definitions  to  include  the  characters  which  a  number  of  objects  have 
in  common,  their  subordinate  differences  being  for  a  time  left  out  of 
view,  we  ai'e  entirely  guided  by  the  recognition  of  similarity  between  the 
objects  we  are  arranging;  and  the  same  is  the  case  in  the  formation  of 
all  the  higher  groups  of  families,  orders,  arfd  classes,  the  points  of  simi- 
larity becoming  fewer  and  fewer  as  we  proceed  to  the  more  comprehensive 
groups,  whilst  those  of  difference  increase  in  corresponding  proportion.  The 
sagacity  of  the  Naturalist  is  shown  in  the  selection  of  the  best  points 
of  resemblance,  as  the  foundation  of  his  classification;  the  value  of  cha- 
racters being  determined,  on  the  one  hand  by  their  constancy,  and  on  the 
other  by  their  degree  of  coincidence  with  important  features  of  general 
organization  or  of  physiological  history.*  In  the  determination  of  Physical 
laws,  the  process  is  somewhat  of  the  same  kind;  but  the  similarities  with 
which  we  have  here  to  do,  are  not,  as  in  the  preceding  case,  objective 
resemblances,  but  exist  only  among  our  subjective  ideas  of  the  nature 
and  causes  of  the  phenomena  brought  under  our  consideration.  Thus, 
there  is  no  obvious  relation  between  the  fall  of  a  stone  to  the  Earth,  and 
the  motion  of  the  Moon  in  an  elliptical  orbit  around  it;  but  the  pene- 
trating mind  of  Newton  detected  a  relation  of  common  causation  between 
these  two  phenomena,  which  enabled  him  to  express  them  both  under 
one  law.    It  was  by  a  like  intellectual  perception  of  similarity,  that 
Franklin  was  led  to  determine  the  identity  of  lightning  with  the  spark 
from  an  electrical  machine.    And  it  would  be  easy  to  show  that  it  has 

*  Thus,  for  example,  it  is  now  generally  admitted,  amongst  Zoologists,  that  the  Impla- 
cental  Mammcalia  should  constitute  a  separate  sub-class,  in  virtue  of  the  peculiar  conformation 
of  their  generative  apparatus,  instead  of  being  distributed  among  other  Orders,  as  tiiey  were 
left  by  Cuvier. 
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been  in  their  extraordinary  development  of  this  power  of  recognizing 
causative  similarity,  leading  to  a  kind  of  intuitive  perception  of  its  exist- 
ence where  no  adequate  ground  can  be  assigned  by  the  reason  for  such  a 
relationship,  that  those  men  have  been  eminent,  who  have  done  the  most 
to  advance  science  by  the  process  of  inductive  generalization. — The  same 
kind  of  mental  action  is  also  employed  in  the  contrary  direction ;  uamely, 
in  that  extension  of  generic  definitions  to  new  objects,  which  takes  place 
upon  every  discovery  of  a  new  species ;  and  in  that  application  of  general 
laws  to  particular  instances,  which  constitutes  deductive  reasoning.  We 
may  trace  it  again,  even  in  the  extension  of  the  meaning  of  words  so  as 
to  become  applicable  to  new  orders  of  ideas,  in  consequence  of  the  resem- 
blance which  the  latter  are  felt  to  bear  to  those  of  which  the  words  were 
previously  the  symbols :  as  in  the  application  of  the  word  '  head,'  which 
primarily  designated  the  most  elevated  part  of  the  human  body,  in  such 
i:)hrases  as  the  '  head  of  a  house,'  the  '  head  of  a  state,'  the  *  head  of  an 
army,'  the  '  head  of  a  mob,'  in  each  of  which  the  idea  of  superiority  and 
command  is  involved ;  or  in  the  phrases  the  *  heads  of  a  discom-se,'  or  the 
*  heads  of  an  argument,'  in  which  we  still  trace  the  idea  of  authority  or 
direction  ;  or  in  the  phi-ases  the  '  head  of  a  table,'  the  '  head  of  a  river,'  in 
which  the  idea  of  superiority  or  origin  comes  to  be  locally  applied;  or  in  the 
'  head  of  a  bed,'  or  '  head  of  a  coffin,'  in  which  we  have  the  more  distinct 
local  association  with  the  position  of  the  head  of  man.  Of  the  foregoing 
applications,  those  first  cited  belong  to  the  nature  of  a  metaphor,  which 
has  been  described  to  be  "a  simile  comprised  in  a  word;"  and  the  judi- 
cious use  of  metaphors,  which  frequently  adds  force  as  well  as  oiTiameutal 
variety  to  the  diction,  is  most  seen  amongst  men  who  possess  a  great 
power  of  bringing  together  the  'like'  in  the  midst  of  the  'unlike.' — 
Every  effort,  in  fact,  to  trace-out  unity,  consistency,  and  harmony,  in  the 
midst  of  the  wonderful  and  (at  first  sight)  perplexing  variety  of  objects 
and  phenomena  amidst  which  we  are  placed,  is  a  manifestation  of  this  ten- 
dency of  the  Human  Mind ;  and,  when  conducted  in  accordance  with  the 
highest  teachings  of  the  Intellect,  or  guided  by  that  Intuition  which 
in  some  minds  supersedes  and  anticipates  all  reasoning,  it  enables  us  to 
rise  towards  the  comprehension  of  that  great  Idea  of  the  Universe,  which 
we  believe  to  exist  in  the  Divine  Mind  in  a  majestic  simplicity  of  which 
we  can  here  but  faintly  conceive,  and  of  which  all  the  phenomena  of 
Natm'e  are  but  the  manifestations  to  our  consciousness. — It  may  be 
remarked  that  this  mode  of  action  of  the  mind  is  in  some  degree  opposed 
to  the  preceding;  for  whilst  contiguity  leads  to  the  arranging  of  ideas  as 
they  happen  to  present  themselves  in  natural  juxtaposition,  and  thus  to 
induce  a  routine  which  is  often  most  unmeaning  (§  836),  similar itphreaks 
through  juxtaposition,  and  brings  together  like  objects  from  all  quarters. 
And  it  is  further  to  be  observed,  that,  with  this  pm-ely  intellectual  opera- 
tion, there  is  frequently  associated  a  peculiar  feeling  of  pleasure,  which 
constitutes  a  true  emotional  state.  All  the  discoveries  of  identificatiou, 
where  iise  and  wont  are  suddenly  broken  through,  and  a  common  fcatui'e 
is  made  known  among  objects  previously  looked-on  as  entirely  different, 
produce  a  flash  of  agreeable  surprise,  and  the  kind  of  sparkling  cheerful- 
ness that  arises  from  the  sudden  lightening  of  a  burden.  There  are  few 
who  devote  themselves  to  the  piu-suit  of  Science,  who  do  not  experience 
this  pleasure,  either  from  the  detection  of  new  relations  of  similarity  by 
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their  own  perception  of  them,  or  in  the  recognition  of  them  as  "developed 
by  others.  It  is,  however,  much  more  intense  in  some  minds  than  in 
othei-s;  and  according  to  its  intensity,  will  it  act  as  a  motive  in  the 
prosecution  of  scientific  inqnuy  amidst  discouragements  and  difficulties. 
It  is  recorded  of  Newton,  that  when  he  was  bringing  his  great  idea  of  the 
eaustitive  relation  between  terrestrial  gravity  and  the  motions^  of  the 
heavenly  bodies,  to  the  test  of  calculation,  his  agitation  became  so  great, 
.that  he  could  not  complete  the  computation  and  was  obliged  to  request 
a  friend  to  do  so. 

809.  Although  the  single  relations  established  between  ideas,  either 
through  contiguity  or  through  similarity,  may  suffice  for  their  mutual 
connection,  yet  that  connection  becomes  much  stronger  when  two  or 
more  such  relations  exist  consentaneously.    Thus,  if  there  be  present 
to  om*  minds  two  states  of  consciousness,  each  of  them  associated,  either 
by  contiguity  or  similarity,  with  some  third  state  that  is  past  and  '  out  of 
mind'  at  the  time,  the  compound  action  is  more  effi3ctive  than  either 
action  woidd  be  separately ;  that  is,  the  separate  suggestions  might  be  too 
weak  to  revive  the  past  state  of  consciousness,  but  reproduce  it  by  acting 
together.    Of  this,  which  has  been  termed  the  Law  of  Compound  Associa- 
tion, we  have  examples  continually  occm-ring  to  us  in  the  phenomena  of 
Memory ;  but  it  is  especially  brought  into  operation  in  the  voluntary  act 
of  Recollection  (§  813). — Another  mode  in  which  the  associative  tendency 
operates,  is  in  the  formation  of  aggregate  conceptions  of  things  that  have 
never  been  brought  before  om-  consciousness  by  sensory  impressions. 
This  faculty,  which  has  been  termed  that  of  Constructive  A  ssociation,  is  the 
foundation  of  Imagination;  and  it  is  exercised  in  every  other  mental 
operation  in  which  we  pass  j&:om  the  known  to  the  unknown.    When  we 
attempt  to  form  a  conception,  which  shall  differ  from  one  that  we  have 
already  experienced  as  a  matter  of  objective  reality,  by  the  introduction 
of  only  a  single  new  element, — as  when  we  imagine  a  brick  building 
replaced  by  one  of  stone  in  every  respect  similar  as  to  size  and  form, — 
we  substitute  in  our  minds  the  idea  of  stone  for  that  of  brick,  and  associ- 
ate it  by  the  principle  of  contiguity  with  those  other  ideas,  of  which  that 
of  the  whole  building  is  an  aggregate.    So,  again,  if  we  conceive  a  known 
building  transferred  jfrom  its  actual  site  to  some  other  already  known  to 
us,  we  dissociate  the  existing  combinations,  and  keep  together  the  ideas 
which  were  previously  separated,  until  their  contiguity  has  so  intimately 
imited  them,  that  the  picture  of  the  supposed  combination  may  present 
itself  to  the  mind  exactly  as  if  it  had  been  a  real  scene  which  we  had  long 
and  familiai'ly  known.    By  a  further  extension  of  the  same  power,  we 
may  conceive  the  elements  to  be  varied,  as  well  as  the  mode  of  their  com- 
bination ;  and  thus  we  may  bring  before  our  consciousness  a  representa- 
tion, in  which  no  particular  has  ever  been  before  our  minds  under  any 
similar  aspect,  and  which  is,  therefore,  as  a  whole  entirely  new  to  us,  not- 
withstanding that,  when  we  decompose  it  into  its  ultimate  elements,  we 
shall  find  that  each  of  these  has  been  previously  before  our  consciousness. 
Such  a  representation,  by  being  continually  d welt-on,  may  come  to  have 
all  the  force  and  vividness  of  one  derived  from  an  actual  sensory  impres- 
sion; and  we  can  scarcely  conceive  but  that  the  actual  state  of  the  Sen- 
sorium  itself  must  be  the  same  in  both  cases,  though  this  state  is  induced 
in  the  one  case  by  an  act  of  Mind,  and  in  the  other  by  Material  conditions. 
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A  very  common  modus  operandi  of  this  *  constmctive  association,'  is  the 
realization  of  a  landscape,  a  figm-e,  or  a  coimtenance,  from  a  pictorial  repre- 
sentation of  it.  Every  picture  must  be  essentially  defective  in  some  of 
the  attributes  of  the  original,  as,  for  example,  in  the  representation  of  the 
projection  of  objects;  and  all,  therefore,  that  the  picture  can  do,  is  to  suggest 
to  the  mind  an  idea,  which  it  completes  for  itself  by  this  constructive  pro- 
cess, so  as  to  form  an  aggregate  which  may  or  may  not  bear  a  resemblance 
to  the  original,  according  to  the  fidelity  of  the  picture,  and  the  mode  in 
which  it  acts  upon  the  mind  of  the  individual.  Thus  to  one  person 
a  mere  sketch  shall  convey  a  much  more  accurate  notion  of  the  object 
represented,  than  a  more  finished  pictm-e  shall  give  to  another;  because, 
fi'om  practice  in  this  kind  of  mental  reconstruction,  the  former  recognizes 
the  true  meaning  of  the  sketch,  and  fills  it  up  in  his  'mind's  eye;'  whilst 
the  latter  can  see  little  but  what  is  actually  before  his  bodily  vision,  and 
interj)rets  as  a  literal  presentation  that  which  was  intended  merely  as  a 
suggestion.  And  it  is  now  generally  admitted,  that  in  all  the  higher  forms 
of  representative  Art,  the  aim  should  be,  not  to  call  into  exercise  the 
faculty  of  mere  objective  realization,  but  to  address  that  higher  power  of 
idealization,  which  invests  the  conception  suggested  by  the  representation 
with  attributes  more  exalted  than  those  actually  possessed  by  the  original, 
yet  not  inconsistent  with  them.  It  depends,  however,  as  much  on  the 
mind  of  the  individual  addressed,  as  on  that  of  the  Artist  himself,  whether 
such  conceptions  shall  be  formed ;  since  by  those  who  do  not  possess  this 
power,  the  highest  work  of  Ai-t  is  only  appreciated,  in  so  far  as  it  enables 
them  to  realize  the  object  which  it  may  represent. 

810.  Having  thus  pointed  out  what  may  be  considered  the  most  ele- 
mentary forms  of  Mental  Action,*  we  shall  briefly  pass  in  review  those 
more  complex  operations,  which  may  be  regarded  as  in  great  part  com- 
poTinded  of  them.  The  capacity  for  performing  these  is  known  as  the 
Intellect  or  the  Reasoning  Power;  and  the  capacities  for  those  various 
forms  of  Intellectual  activity,  which  it  is  convenient  to  distinguish  for  the 
sake  of  making  ourselves  moi'e  fully  acquainted  with  them,  are  termed 
Intellectual  Faculties.  It  appears  to  the  Author,  however,  to  be  a  funda- 
mental error  to  suppose  that  the  entire  Intellect  can  be  sj^Ut-up  into  a  certain 
number  of  faculties ;  for  each  faculty  that  is  distinguished  by  the  Psycho- 
logist expresses  nothing  else  than  a  7node  of  activity,  in  which  the  whole 
power  of  the  Mind  may  be  engaged  at  once, — just  as  the  whole  power  of 
the  locomotive  steam-engine  may  be  employed  in  can-ying  it  forwards  or 
backwards,  according  to  the  direction  given  to  its  action.  And  if  this  he 
true,  it  must  be  fundamentally  erroneous  to  attempt  to  parcel-out  the 
Cerebrum  into  distinct  'organs'  for  these  respective  faculties;  the  whole 
of  it  (so  far  as  we  can  form  a  judgment)  being  called  into  operation  in 
every  kind  of  mental  activity. 

811.  That  state  in  which  the  consciousness  is  actively  directed  to 
a  Sensorial  change, — whether  this  change  originate  in  impressions  re- 
ceived through  the  external  organs  of  sense,  or  in  operations  of  the 

•  In  the  foregoing  brief  exposition  of  the  laws  and  leading  phenomena  of  Mental  Associa- 
tion, the  Author  has  derived  great  aid  from  the  excellent  article  on  '  The  Human  Mind, 
contributed  to  Messrs.  Chambers's  "  Information  for  the  People,"  by  his  friend  Mr.  Alexander 
Bain. — Though  not  agreeing  with  all  the  views  expressed  in  that  article,  the  Author  can 
cordially  recommend  the  perusal  of  it  to  his  readers. 
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(Jei'ebrum, — is  termed  Attention.  Like  the  other  states  of  Mental  Activity, 
which  will  come  under  our  consideration,  it  may  be  either  voluntary 
or  mitomatic;  that  is,  we  may  either  'fix  our  attention'  on  an  object 
of  consciousness  by  an  effort  of  the  Will,  or  the  attention  may  be  di-awn 
towards  it  by  the  attractive  qualities  of  the  object  itself,  and  may  be  held 
to  it  until  it  is  intentionally  detached,  or  until  the  mind  has  become 
satisfied  by  the  persistence  of  one  kind  of  impression.  The  intentional 
direction  of  the  attention  to  external  objects,  is  what  is  commonly  known 
as  Observation;  those  men  being  designated  as  'observant,'  who  do  not 
allow  then-  attention  to  be  so  far  engrossed  by  one  object  or  occm-rence,  or 
(as  very  fi-equently  happens)  by  their  own  trains  of  thought,  as  to  exclude 
the  cognizance  of  what  may  be  taking  place  around  them ;  whilst  those  are 
spoken-of  as  '  imobservant,'  who,  by  allowing  their  consciousness  to  re- 
main fixed  upon  some  one  object  or  train  of  thought,  prevent  it  from 
receiving  a  legitimate  degree  of  influence  from  other  impressions  received 
and  transmitted  to  the  Sensorium  by  the  organs  of  sense.  We  shall 
hereafter  (chap,  xv.,  Sect.  1)  more  particularly  examine  the  remarkable 
influence  of  Attention  in  augmenting  the  acuteness  of  sensory  impres- 
sions; but  it  may  be  here  remarked,  that  the  same  influence  extends 
itself  to  the  perception  of  our  own  mental  states ;  and  that,  as  will 
be  presently  shown  (§  817),  it  is  in  the  degree  of  Attention  which  we 
automatically  or  voluntarily  bestow  on  certain  ideas  presented  to  us  by 
suggestion,  that  those  peculiar  modes  of  thought,  which  are  sometimes 
termed  Intellectual  Faculties,  essentially  consist. — The  intentional  direc- 
tion of  the  consciousness  to  what  is  passing  within  us,  is  sometimes  desig- 
nated as  Reflection,  but  is  more  appropriately  termed  Introspection. 

812.  The  reproduction  of  past  states  of  consciousness  by  either  of 
the  foiTus  of  suggestive  action  already  described,  constitutes  what  is 
known  as  Memory.* — There  seems  much  ground  for  the  belief,  that  every 

*  It  is  commonly  stated  that  Memory  consists  in  the  renewal  of  past  sensations  and  of  the 
ideas  they  have  excited  ;  but  it  may  be  questioned  whether  we  primarily  retain  anything  else 
tlian  the  impressions  left  by  ideas,  and  whether  the  recall  of  sensations  is  not  a  secondary 
change,  dependent  upon  the  reaction  of  ideational  (Cerebral)  changes  upon  the  Sensorium. 
For  if  we  wish  to  reproduce  any  sensational  state, — whether  visual,  auditory,  olfactive,  gus- 
tative,  or  tactile, — we  first  recall  the  notion  of  some  object  by  which  that  state  was  formerly 
produced ;  and  it  is  only  by  keeping  that  notion  strongly  before  our  consciousness,  that  we 
can  bring  ourselves  to  see,  hear,  smell,  taste,  or  feel,  that  which  we  desire  to  experience. 
Indeed  it  is  not  every  one  who  can  thus  reproduce  sensational  states,  the  general  notion 
being  most  commonly  all  that  is  arrived-at ;  of  this  we  have  a  good  illustration  in  the  concep- 
tion we  form  of  the  face  of  an  absent  friend,  it  being  only  a  comparatively  small  number  of 
persons  who  are  able  to  reproduce  the  visual  image  with  sufficient  distinctness  to  serve  as  a 
model  for  delineation,  although  a  much  larger  number  would  be  able  to  say  how  far  such  a 
delineation  realized  their  own  conception  of  the  countenance,  and  to  point  out  in  what  it 
might  depart  from  this.  It  is  a  further  confirmation  of  this  view,  that  the  expression  of  a 
countenance,  which  directly  appeals  to  our  ideational  consciousness,  is  much  more  distinctly 
remembered  by  most  persons  than  the  features,  the  recognition  of  which  is  more  dependent 
upon  the  recall  of  antecedent  sensational  states. — What  is  true  of  the  act  of  Recollection  in 
this  particular,  is  probably  true  also  in  great  degree  of  spontaneous  Memory  ;  but  perhaps  we 
should  admit  that  the  renewal  of  past  stJites  of  sensational  consciousness  may  be  effected  by 
fresh  sensory  impressions  which  are  closely  allied  to  them ;  as  would  seem  probable  from  the 
fact,  that  we  find  ourselves  comparing  the  new  sensations  with  the  old,  without  having  in  the 
mean  time  formed  any  distinct  conception  of  the  object  by  which  the  old  were  produced. — 
It  may,  however,  be  pretty  certainly  affirmed  that  the  Sensory  Ganglia  do  not  themselves 
register  scjisory  impressions;  and  that  these  can  only  be  reproduced  afresh  by  external 
objects,  or  by  the  occurrence  of  ideational  changes  in  the  Cerebrum.    On  the  other  hand,  the 
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sensory  impression  which  has  been  once  recognized  by  the  perceptive 
consciousness,  is  registered  (so  to  speak)  in  the  Cerebmm,  and  may  be 
reproduced  at  some  subsequent  time,  altliough  there  may  be  no  con- 
sciousness of  its  existence  in  the  mind  during  the  whole  intermediate 
period.  Instances  are  of  very  frequent  occurrence,  in  which  ideas  come 
np  before  the  mind  during  delirium  or  dreaming,  and  are  expressed  at 
the  time  or  are  subsequently  remembered,  although  the  individual  cannot 
himself  retrace  them  as  having  ever  before  been  present  to  his  conscious- 
ness ;  they  being  yet  proved  to  have  been  so  at  some  long  antecedent  period. 
A  very  extraordinary  case  of  this  kind  has  been  recorded,  in  which  a 
woman,  during  the  delii'ium  of  fever,  continually  repeated  sentences  in  lan- 
guages unknown  to  those  around  hei",  which  were  found  to  be  Hebrew  and 
Chaldaic ;  of  these  she  stated  herself,  on  her  recovery,  to  be  perfectly  igno- 
rant ;  but  on  tracing  her  former  history,  it  was  ascertained  that,  in  eai'ly 
life,  she  had  lived  as  servant  with  a  clergyman,  who  had  been  accustomed 
to  walk  up  and  down  his  passage,  repeating  or  reading  aloud  sentences 
in  these  languages,  which  she  must  have  retained  in  her  memory  uncon- 
sciously to  herself — Of  the  natm-e  of  the  change  by  which  sensoiy  im- 
pressions are  thxis  registered,  it  seems  in  vain  to  speculate ;  there  can 
be  little  question,  however,  that  it  is  in  some  way  dependent  ujion  the 
nutrition  of  the  Cerebi-um,  since  we  see  that  alterations  in  that  function 
have  a  marked  effect  upon  the  Memory.  Thus,  in  the  case  just  cited,  we 
can  scarcely  doubt  that  some  alteration  either  in  the  circulation  of  the 
blood  through  the  cortical  substance  of  the  Cerebrum,  or  in  the  quality  of 
the  fluid,  was  the  cause  of  changes,  which,  transmitted  downwards  to  the 
Sensorium,  reproduced  the  former  sensations;  just  as  a  disturbance  of  the 
circulation  in  the  retina  produces  the  sensation  of  flashes  of  light  or 
other  visual  phenomena.  Again,  it  is  certain  that  disease  or  injury  of  the 
Cerebrum  may  destroy  the  Memory  generally,  or  may  affect  it  in  vai'ious 
remarkable  modes.  Thus  we  not  unfrequently  meet  with  cases,  in  which 
the  brain  has  been  weakened  by  attacks  of  epilepsy  or  apoplexy,  in  such  a 
manner  as  to  prevent  the  reception  of  any  new  impressions ;  so  that  the 
patient  does  not  remember  anything  that  passes  from  day  to  day;  whilst 
the  impressions  of  events  which  happened  long  before  the  commencement 
of  his  malady,  recur  with  greater  vividness  than  ever.  On  the  other 
hand,  the  memory  of  the  long-since  past  is  sometimes  entirely  destroyed ; 
whilst  that  of  events  which  have  happened  subsequently  to  the  malady,  is 
but  little  weakened.  The  memory  of  particular  classes  of  ideas  is  fi'e- 
quently  destroyed ;  that  of  a  certain  language,  or  some  branch  of  science, 
for  example.  The  loss  of  the  memory  of  words  is  another  veiy  curious 
form  of  this  disorder,  which  not  unfrequently  presents  itself :  the  patient 
understands  perfectly  well  what  is  said,  but  is  not  able  to  reply  in  any 
other  terms  than  yes  or  no — not  from  any  jDaralysis  of  the  muscles  of  arti- 
culation, but  from  the  incapability  of  expressing  the  ideas  in  language. 
Sometimes  the  memory  of  a  particular  class  of  words  only,  such  as  nouns 
or  verbs,  is  destroyed ;  or  it  may  be  impaired  merely,  so  that  the  patient 
mistakes  the  proper  terms,  and  speaks  a  most  cm-ions  jai*gon.  So,  agnm, 
a  person  may  remember  the  letters  of  which  a  word  is  composed,  and 

Cerebrum  seems  to  act  quite  independently  of  the  Sensory  Ganglia,  in  reproducing  ideas;  save 
in  so  far  as  the  results  of  its  action  must  (on  the  theory  here  advanced)  be  impressed  on  the 
Sensorium,  before  we  can  be  rendered  conscious  of  them. 


THE  CEREBRUM,  AND  ITS  FUNCTIONS. 


809 


nay  be  able  to  spell  his  wants,  though  he  canuot  speak  the  word  itself; 
iskiug  for  bread  (for  example)  by  the  separate  letters  b,  r,  e,  a,  d.  A 
V  cry  curious  affection  of  the  memoiy  is  that  in  which  the  sound  of  spoken 
words  does  not  convey  any  idea  to  the  mind;  yet  the  individual  may 
l  ecognize  in  a  written  or  printed  list  of  words,  those  which  have  been 
used  by  the  speaker;  and  the  sight  of  them  enables  him  to  understand 
their  meaning.  Conversely,  the  sound  of  the  word  may  be  remembered, 
and  the  idea  it  conveys  fully  appreciated;  but  the  visual  memory  of 
its  wi-itten  form  may  be  altogether  lost,  although  the  component  letters 
I  may  be  recognized.  For  this  class  of  phenomena,  in  which  there  is  rather 
;  a  severance  of  the  associative  comiections  that  have  been  formed  between 
distinct  states  of  consciousness,  than  an  actual  annihilation  of  the  impres- 
sion left  by  any  of  the  latter,  the  term  '  dislocation  of  memory'  has  been 
proposed  by  Dr.  Holland;*  but,  as  he  justly  remarks,  "no  single  term 
•  can  express  the  various  effects  of  accident,  disease,  or  decay,  upon  this 
faculty,  so  strangely  partial  in  then*  aspect,  and  so  abrupt  in  the  changes 
they  imdergo,  that  the  attempt  to  classify  them  is  almost  as  vain  as 
the  reseai'ch  into  their  cause."  It  is,  perhaps,  in  the  sudden  changes 
produced  by  blows  or  falls,  that  we  have  the  most  extraordinary  examples 
of  this  kind  of  disturbance;  and  it  is  scarcely  less  extraordinary,  that 
there  should  sometimes  be  a  no  less  sudden  recovery  of  the  lost  impres- 
sions, which  we  can  scarcely  do  wrong  in  attributing  to  the  return  of  the 
Cerebral  organization  to  that  previous  condition  from  which  it  had  been 
perverted. — When  we  take  all  these  phenomena  into  consideration,  we 
can  scarcely  resist  the  conclusion  that  every  act  of  perceptive  conscious- 
ness produces  a  certain  modification  in  the  nutrition  of  the  Cerebrum; 
that  the  new  mode  of  nutrition  is  continued  according  to  the  laws  of 
Assimilation  ah'eady  adverted-to;  and  that  thus  the  Cerebrum  forms 
itself  in  accordance  with  the  use  that  is  made  of  it.  And  this  unconscious 
storing-up  of  impressions,  which  can  only  be  brought  before  the  conscious- 
ness (imder  ordinary  circumstances  at  least)  by  the  connecting  link  of 
associations,  affords  a  powerful  argument  for  the  doctrine  which  has 
already  been  fi-equently  referred-to  as  probable, — that  the  Cerebmm  is 
not  itself  a  centre  of  consciousness,  but  that  we  only  become  conscious  of 
its  states,  in  the  same  manner  as  we  do  of  those  of  the  Retina  and  of 
other  surfaces  for  the  reception  of  external  impressions,  by  means  of  the 
communication  of  the  changes  which  take  place  in  it  to  the  Sensorium, 

813.  Although  the  term  Memory  is  very  commonly  used  to  designate 
the  intentional  recall  of  past  states  of  consciousness,  as  well  as  their 
spontaneous  or  automatic  recurrence,  yet  it  is  properly  restricted  to  the 
latter  operation ;  the  term  Recollection  being  that  which  is  appropriate  to 
the  former,  whose  pecidiarity  consists  in  the  exertion  of  the  Will  to 
bring  that  before  the  consciousness,  which  does  not  spontaneously  present 
itself  Now  as  this  process  affords  a  typical  examijle  of  the  mode  in 
which  the  Will  acts  in  directing  the  current  of  thought,  we  shall  examine 
it  a  little  more  minutely. — In  the  first  place  it  may  be  positively  affirmed, 
that  we  cannot  call  up  any  idea  by  simply  willing  it;  for  it  is  a  neces- 
sary condition  of  an  act  of  will,  that  there  should  be  in  the  mind  an  idea 
of  what  is  willed ;  and  if  the  idea  of  the  thing  willed  be  already  in  the 


*  See  his  "  Cluiptcra  oji  Mental  Physiology,"  p.  146. 
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mind,  it  is  obviously  impossible  to  use  the  will  to  bring  it  there.  But 
every  one  is  conscious  of  the  state  of  mind,  in  which  he  tries  to  remember 
something  which  is  not  at  the  time  present  to  his  consciousness;  and  the 
question  is,  how  he  proceeds  to  bring  the  idea  before  his  mind.  The 
process  really  consists  in  the  fixation  of  the  attention  upon  one  or  more 
ideas  ah-eady  present  to  the  mind,  which  may  recall,  by  suggestion,  that 
which  is  desiderated;  the  very  act  of  thus  attending  to  a  particular  idea 
not  only  serving  to  intensify  the  idea  itself,  but  also  to  strengthen  the 
associations  by  which  it  is  connected  with  others.    There  are  certain 
ideas  so  famihai-  to  us,  that  they  seem  necessai'ily  to  recur  upon  the 
slightest  prompting  of  suggestion ;  yet  even  with  regard  to  these,  the 
voluntary  recollection  at  any  pai'ticular  time  involves  the  process  just  de- 
scribed.   Thus  if  a  man  be  asked  his  name,  he  usually  finds  no  difficulty 
in  giving  the  proper  answer,  because  it  only  requires  that  his  attention 
should  be  directed  to  the  idea  involved  in  the  words  '  my  name,'  to 
suggest  the  words  of  which  that  name  may  consist.    But  if  the  individual 
should  be  in  that  state  of  '  absence  of  mind,'  which  really  consists  in  the 
fixation  of  the  attention  upon  some  internal  train  of  thought,  he  may  not 
be  able  on  the  sudden  to  transfer  his  attention  to  the  new  idea  that  is 
forced  upon  his  consciousness  ah  externo;  and  may  thus  hesitate  and 
buugle,  before  he  is  able  to  answer  the  question  with  positiveness.  So, 
again,  it  sometimes  happens  in  old  age  that  men  fail  to  recollect  their 
own  names,  or  the  names  of  persons  most  familiar  to  them,  in  conse- 
quence of  the  weakening  of  the  bond  of  direct  association ;  and  they  then 
only  recall  it  by  the  operation  to  be  presently  described.    And  there  ai-e 
states  of  mind,  in  which  the  power  of  voluntarily  directing  the  thoughts 
is  for  a  time  suspended,  and  in  which  the  individual  cannot  make  the 
slightest  effort  to  recall  the  most  familiar  fact,  especially  if  possessed  with 
the  conviction  that  such  effort  is  impossible  (§  825). — But  suj^posing  the 
mind  to  be  in  full  possession  of  its  ordinaiy  j)owers,  and  the  desiderated 
idea  to  be  one  which  does  not  at  once  i-ecur  on  the  direction  of  the 
attention  to  some  idea  already  in  the  mind;  we  then  apply  the  same 
process  to  other  ideas  which  successively  come  before  om-  consciousness, 
selecting  those  which  we  think  most  likely  to  suggest  that  which  we 
require,  and  following-out  one  train  of  thought  after  another,  in  the 
directions  which  we  deem  most  probable,  until  we  either  succeed  in  find- 
ing the  idea  of  which  we  are  in  search,  or  give  up  the  pursuit  as  not 
worth  further  trouble.    Thus  a  man  who  is  making-up  his  accoimts,  and 
finds  that  he  has  expended  a  sum  in  a  mode  which  he  cannot  recollect, 
sets  himself  to  remember  what  business  he  has  done,  where  he  has  re- 
cently been,  what  shops  he  may  have  entered,  and  so  on.    Or  when  a 
man  meets  another  whom  he  recognizes  as  an  acquaintance  without 
remembering  his  name,  he  runs  over  a  number  of  names  (one  being  sug- 
gested by  another,  when  the  attention  is  given  to  them),  in  hopes  that 
some  one  of  these  may  prove  to  be  the  one,  which,  when  brought  to  his 
mind,  is  recognized  as  that  of  the  object  then  before  his  consciousness; 
or  he  thinks  of  the  place  in  which  he  may  have  previously  seen  hiui, 
this  being  recalled  by  fixing  the  attention  on  the  associations  suggested 
by  the  sight  of  his  face  and  figure,  or  by  the  sound  of  his  voice,  or  by  his 
personality  altogether;  or  he  endeavours  to  retrace  the  time  which  has 
elapsed  since  he  last  met  with  him,  the  persons  amongst  whom  he  then 
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as,  or  the  actions  in  which  he  was  engaged;  that  some  one  or  other  of  these 
arious  associations  may  suggest  the  desiderated  name. — But  it  is  a  most 
arious  phenomenon,  and  one  which,  though  most  men  are  occasionally 
ouscious  of  it,  has  been  scai-cely  recognized  by  Metaphysical  inquirers,  that 
fter  all  these  expedients  have  been  employed  in  vain,  and  the  attempt  to 
•ring  a  pai-ticular  idea  to  the  mind  has  been  abandoned  as  useless,  it  will 
•ften  occiu-  spontaneously  a  little  while  afterwards,  suddenly  flashing  (as  it 
\ere)  before  the  consciousness;  and  this  although  the  mind  has  been 
ngrossed  in  the  mean  time  by  some  entirely  difierent  subject  of  con- 
omplation,  and  cannot  detect  any  link  of  association  whereby  the  result 
las  been  obtained,  notwithstanding  that  the  whole  train  of  thought  which 
aas  passed  thi-ough  the  mind  in  the  interval  may  be  most  distinctly 
•omembered.*    Now  it  is  dif^cult,  if  not  impossible,  to  accoimt  for  this 
act  upon  any  other  supposition,  than  that  a  certain  train  of  action  has 
L)een  set^going  in  the  Cerebrum  by  the  voluntary  exertion  which  we  at 
lirst  made;  and  that  this  train  continues  in  movement  after  our  attention 
lias  been  fixed  upon  some  other  object  of  thought,  so  that  it  goes  on  to 
the  evolution  of  its  result,  not  only  without  any  continued  exertion  on 
our  own  parts,  but  also  without  our  consciousness  of  any  continued  ac- 
tivity.   This  seems  to  be  one  of  the  instances  of  what  may  be  termed 
unconscious  cerehi^ation,  to  yfhich  reference  has  been  already  made  (§  787), 
and  of  which  other  examples  will  be  presently  adduced  (§§  818,  819). 
But  we  may  here  remai'k,  as  bearing  on  the  same  subject,  as  well  as  upon 
that  of  the  preceding  paragraph,  that  it  is  well  known  that  impressions 
:o  which  the  attention  is  strongly  directed  a  short  time  before  sleep 
supervenes,  are  fixed  upon  the  mind  with  remarkable  force  ;t  a  fact  that 
ems  to  indicate  that  these  impressions  modify  the  nutrition  of  the  Brain 
(which  is  taking  place  with  peculiar  activity  during  the  state  of  mental 
repose),  and  that  the  peculiar  readiness  with  which  they  may  be  recalled 
thus  depends  upon  organic  changes  of  which  we  are  unconscious,  rather 
than  upon  any  intentional  strengthening  of  the  links  of  association. 

814.  By  Attention  to  our  own  mental  states  and  operations,  a  class 
of  Ideas  is  genemted,  of  a  very  diSerent  character  from  those  which  are 
called-up  by  external  objects;  and  these,  being  entirely  dependent  upon 
the  operation  of  the  Intellectual  powers,  and  having  no  relation  to 
sensations  except  as  the  original  springs  of  those  operations,  may  be 
termed  intellectual  Ideas,  in  contradistinction  to  the  sensational  Ideas. 
The  former,  like  the  latter,  become  the  subjects  of  the  associating  ten- 
dency; and  thus  are  combined  in  Trains  of  Thought.    Some  of  these 

*  So  frequently  has  this  occurred  within  the  Author's  experience,  that  he  is  now  in  the 
habit  of  trusting  to  this  method  of  recollection,  where  he  has  reason  to  feel  sure  that  the 
desired  idea  is  not  far  off,  if  the  mind  can  only  find  its  track — as  when  it  relates  to  some 
occurrence  (such  as  a  payment  of  money)  which  is  known  to  have  taken  place  within  a  few 
days  previously  ;  for  he  has  found  himself  much  more  certain  of  recovering  it,  by  withdraw- 
ing his  mind  from  the  search  when  it  is  not  speedily  successful,  and  by  giving  himself  up  to 
the  occupation  appropriate  to  the  time,  than  by  inducing  fatigue  by  unsuccessful  efforts. 
And  this  is  not  his  own  experience  only,  but  that  of  many  others.  The  fact  has  been  noticed 
by  Dr.  Holland  ("  Chapters  on  Mental  Physiology,"  p.  66)  ;  from  whom  he  has  learned  that 
the  above  plan  has  been  put  into  successful  action  by  many  to  whom  he  has  recommended  it. 

t  Thus  it  is  well  known  to  schoolboys  who  have  a  task  to  commit  to  memory,  that  if  they 
can  put  it  together  correctly,  however  hesitatingly,  over  night,  they  can  generally  repeat  it 
fluently  in  the  morning. 
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intellectual  ideas  appear  to  be  so  necessarily  excited  by  mental  opera- 
tions, even  of  the  simplest  kind,  and  to  be  so  little  dependent  on  indivi- 
dual peculiarities  either  inherent  or  acquired,  that  they  take  rank  as 
fundamental  axioms  or  principles  of  Human  Thought.  Such  are, — the 
belief  in  our  own  present  existence,  or  the  faith  which  we  repose  in  the 
evidence  of  Consciousness;  tliis  idea  being  necessarily  associated  with 
every  form  and  condition  of  mental  activity: — the  belief  in  our  j^^oa^ 
existence,  and  in  our  2>^'>'sonal  identity  so  far  as  our  memory  extends, 
which  is  necessarily  connected  with  the  act  of  EecoUection ;  with  this, 
again,  is  connected  the  general  idea  of  Time  : — the  belief  in  the  external 
and  inde2)endent  existence  of  the  causes  of  our  sensations,  which  results 
from  the  direction  of  the  mind  to  the  Perceptional  ideas  originating  iu 
them ;  with  this  is  connected  the  general  idea  of  Space  : — the  belief  in  the 
existence  of  an  efficient  cattse  for  the  changes  which  we  witness  around 
us,  which  springs  from  the  perception  of  those  changes;  whence  is 
derived  our  idea  of  Power : — the  belief  in  the  stability/  of  the  order  of 
nature,  or  iu  the  invai'iable  sequence  of  similar  effects  to  similar  causes, 
which  also  springs  directly  from  the  perception  of  external  changes,  and 
seems  prior  to  all  reasoning  upon  the  results  of  obsei-vation  of  them 
(being  observed  to  operate  most  strongly  in  those  whose  experience  is 
most  scanty,  and  in  relation  to  subjects  that  are  perfectly  new  to  them); 
but  which  is  the  foundation  of  all  applications  of  our  own  experience  or 
that  of  others,  to  the  conduct  of  our  lives,  or  to  the  extension  of  oiu- 
knowledge  : — lastly,  the  belief  in  our  oivnfree  will,  involving  the  general 
idea  of  Voluntary  Power;  which  is  in  like  manner  a  direct  result  of  our 
internal  perception  of  those  mental  changes  which  are  excited  by  sen- 
sations. Hence  it  is  evident  that  "  the  only  foundation  of  much  of  om* 
belief,  and  the  only  source  of  much  of  our  knowledge,  is  to  be  found  in 
the  constitution  of  oxu*  o\\i\  minds ;"  but  it  must  be  steadily  kept  in  view, 
that  these  fundamental  axioms  are  nothing  else  than  expressions  of  the 
general  fact,  that  the  ideas  in  question  are  unifoi'mly  excited  (in  all 
ordinarily-constitvited  minds  at  least)  by  simple  Attention  to  the  change? 
in  which  they  originate. — Among  those  elementary  modes  of  thought, 
which  arise  out  of  the  constitution  of  our  own  minds,  we  mvist  also  rauk 
the  ideas  of  Truth,  Beauty,  and  Right,  which  intuitively  present  them- 
selves to  our  consciousness,  in  connection  with  certain  objects  or  oc- 
ciu-rences  respectively  adapted  to  excite  them ;  the  first  connecting  itself 
especially  with  the  operations  of  the  Reason,  the  second  with  the  pro- 
duction of  those  states  of  feeling  which  are  termed  Sentiments,  and 
the  third  with  the  determinations  of  the  Will  in  the  goiidance  of  con- 
duct. Truth  may  be  defined  to  be  an  ai^prehension  of  the  relations 
of  things  as  they  actually  exist;  and  the  conception  of  truth,  which  is 
originally  based  upon  sensational  ideas,  comes  to  be  also  applied  to  those 
which  are  pm-ely  intellectual.  The  notion  of  Beauty  is  one  that  it  is 
very  difficult  to  define;  but  it  seems  to  consist  essentially  in  the  con- 
formity of  an  external  object  to  a  certain  ideal  standai'd,  by  which  con- 
formity a  pleasurable  feeling  is  produced.  That  ideal  standard  is  a  work 
of  the  Imagination,  and  is  generated  (by  a  kind  of  automatic  process) 
by  the  elimination  of  all  those  elements  which  we  recognize  as  inferior, 
and  by  the  intensification  and  completion  of  all  those  which  we  regard  as 
excellent.    Hence  according  to  the  Eesthetic  judgment  which  every  iudi- 
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\  idual  pronounces  as  to  these  particulars,  will  be  his  ideal  of  beauty- 
llie  notion  of  beauty  extends  itself,  also,  to  the  pure  conceptions  of  the 
Intellect;  and  thus  we  may  experience  the  sense  of  beauty  in  the  recog- 
nition of  a  Truth.  We  experience  the  sense  of  beauty,  too,  in  witnessing 
the  conformity  of  conduct  to  a  high  standard  of  Moral  excellence;  which 
ox  cites  in  our  minds  a  pleasure  of  the  same  order,  as  that  which  we  derive 
from  the  contemplation  of  a  noble  work  of  art.  The  idea  of  Right 
'^mnects  itself  \vith  voluntary  action.    We  have  no  feeling  of  approval 

disapproval  with  respect  to  actions  that  are  necessarily  connected  with 
our  physical  well-being;  but  in  regard  to  most  of  those  which  are  left  to 
om*  choice,  it  is  impossible  to  feel  indifferent;  and  the  sphere  of  opera- 
tion of  this  principle  becomes  widened,  in  proportion  as  the  mind  dwells 
upon  the  notion  of  Moral  Obligation  which  arises  out  of  it.  Then,  too, 
the  idea  of  Right  is  brought  to  attach  itself  to  thoughts,  as  well  as  to 
actions ;  and  this,  not  merely  because  the  right  regulation  of  the  thoughts 
is  perceived  to  be  essential  to  the  right  regulation  of  the  conduct,  but 
also  because  the  mind  intuitively  perceives  that  whatever  we  can  govern 
by  the  Will  has  also  a  moral  aspect. 

815.  Closely  connected  with  many  of  the  foregoing,  and  arising  in 
most  minds  from  some  or  other  of  them  by  the  very  nature  of  our  psychical 
constitution,  are  those  ideas  which  relate  to  the  Being  and  Attributes  of 
the  Deity.  The  conception  which  each  individual  forms  of  the  Divine 
Nature,  depends  in  great  degi'ee  upon  his  own  habits  of  thought;  but 
there  are  two  extremes,  towards  one  or  other  of  which  most  of  the  cur- 
rent notions  on  this  subject  may  be  said  to  tend,  and  between  which 
they  seem  to  have  oscillated  in  all  periods  of  the  history  of  Monotheism. 
These  are.  Pantheism,  and  A  nthroijomorphism. — Towards  the  Pantheistic 
aspect  of  Deity,  we  are  especially  led  by  the  philosophic  contemplation  of 
His  agency  in  external  Natm-e ;  for  in  proportion  as  we  fix  our  attention 
exclusively  upon  the  'laws'  which  express  the  orderly  sequence  of  its 
phenomena,  and  upon  the  *  forces '  whose  agency  we  recognise  as  their 
immediate  causes,  do  we  come  to  think  of  the  Divine  Being  as  the  mere 
First  Principle  of  the  Universe,  an  all-comprehensive  '  Law'  to  which  all 
other  laws  are  subordinate,  that  most  general  '  Cause'  of  which  all  the  phj'-- 
sical  forces  are  but  manifestations.  This  conception  embodies  a  great  truth, 
and  a  fundamental  error.  Its  truth  is  the  recognition  of  the  universal 
and  all-controlling  agency  of  the  Deity,  and  of  His  presence  in  Creation 
rather  than  on  the  outside  of  it.  Its  error  lies  in  the  absence  of  any  dis- 
tinct recognition  of  that  conscioits  volitional  agency,  which  is  the  essential 
attribute  of  Personality ;  for  without  this,  the  Universe  is  nothing  else 
than  a  gi'cat  self-acting  machine,  its  Laws  are  but  the  expressions  of 
'  surd  necessity,'  and  all  the  higher  tendencies  and  aspirations  of  the 
Human  Soul  are  but  'a  mockery,  a  delusion,  and  a  snare.' — The  Anthro- 
pomorphic conception  of  Deity,  on  the  other  hand,  arises  from  the  too 
exclusive  contemplation  of  oiir  own  nature  as  the  type  of  the  Divine; 
and  although,  in  the  highest  form  in  which  it  may  be  held,  it  represents 
the  Deity  as  a  being  in  whom  all  the  noblest  attributes  of  Man's  spiritual 
essence  are  expanded  to  infinity,  yet  it  is  practically  limited  and  de- 
graded by  the  impossibility  of  fulli/  realizing  such  an  existence  to  our 
minds;  the  failings  and  imperfections  incident  to  our  Human  nature 
being  attributed  to  the  Divine,  in  proportion  as  the  low  standard  of  in- 
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tellectual  and  moral  development  in  each  individual  keeps  down  his  idea 
of  possible  excellence.    Even  the  lowest  form  of  any  such  conception, 
however,  embodies  (like  the  Pantheistic)  a  great  truth,  though  mingled 
with  a  large  amoimt  of  error.  It  represents  the' Deity  as  Si Person;  that  is, 
as  having  that  Intelligent  Volition,  which  we*  recognize  in  ourselves  as 
the  source  of  the  power  we  determinately  exert,  through  our  bodily 
organism,  upon  the  world  around;  and  it  invests  Him,  also,  with  those 
Moral  attributes,  which  place  him  in  sympathetic  relation  with  his 
sentient  creatures.    But  this  conception  is  erroneous,  in  so  far  as  it  re- 
presents the  Divine  Nature  as  restrained  in  its  operations  by  any  of 
these  limitations  which  are  inherent  in  the  very  constitution  of  Man- 
and  in  particular,  because  it  leads  those  who  accept  it  to  think  of  the 
Creator  as  "  a  remote  and  retired  mechanician,  inspecting  from  without 
the  engine  of  creation  to  see  how  it  performs,"  and  as  either  leaving  it 
entirely  to  itself  when  once  it  has  been  broiight  into  full  activity,  or 
as  only  interfering  at  intervals  to  change  the  mode  of  its  operation. — 
Now  the  truths  which  these  views  separately  contain,  are  in  perfect  har- 
monywith  each  other;  and  the  veiy  act  of  bringing  them  into  combina- 
tion effects  the  elimination  of  the  errors  with  which  they  were  previously 
associated.    For  the  idea  of  the  universal  and  all-controlling  agency  of 
the  Deity,  and  of  his  immediate  presence  throughout  Creation,  is  not 
found  to  be  in  the  least  degree  inconsistent  with  the  idea  of  His  per- 
sonality, when  that  idea  is  detached  from  the  limitations  which  cling  to 
it  in  the  minds  of  those,  who  have  not  expanded  their  anthropomorphic 
conception  by  the  scientific  contemplation  of  Nature ;  on  the  contrary, 
when  we  have  once  arrived  at  that  conception  of  Fojxe  as  an  expression 
of  Will,  which  we  derive  from  our  own  experience  of  its  production,  the 
imiversal  and  constantly-sustaining  agency  of  the  Deity  is  recognized  in 
every  phenomenon  of  the  external  Universe;  and  we  are  thus  led  to  feel 
that  in  the  Material  Creation  itself,  we  have  the  same  distinct  evidence 
of  His  personal  existence  and  ceaseless  activity,  as  we  have  of  the  agency 
of  inteUigent  minds  in  the  artistic  creations  of  Genius,  or  in  the  elaborate 
contrivances  of  Mechanical  skill,  or  in  those  written  records  of  Thought 
which  arouse  our  own  ps3^chical  nature  into  kindred  activity. 

816.  There  is,  in  fact,  no  pai-t  of  Man's  psychical  nature,  which  does 
not  speak  to  him  of  the  Divine,  when  it  is  rightly  questioned.  The  very 
perception  finite  existence,  whether  in  time  or  space,  leads  to  the  idea 
of  the  Infinite.  The  perception  of  deimident  existence,  leads  to  the  idea 
of  the  Self-existent.  The  perception  of  change  in  the  external  world, 
leads  to  the  idea  of  an  Absolute  Power  as  its  source.  The  perception  of  the 
order  and  constancy  underlying  all  those  diversities  which  the  surface 
of  Nature  presents,  leads  to  the  idea  of  the  Unity  of  that  power.  The 
recognition  of  Intelligent  Will  as  the  source  of  the  power  we  ourselves 
exert,  leads  to  the  idea  of  a  like  Will  as  operating  in  the  Universe.  And 
our  own  capacity  for  reasoning,  which  we  know  not  to  have  been  obtained 
by  our  individual  exertions,  is  a  direct  testimony  to  the  Intelligence  of  the 
Being  who  implanted  it.  So  are  we  led  from  the  very  existence  of  our 
Moral  Feelings,  to  the  conception  of  the  existence  of  attributes,  the  same 
in  kind,  however  exalted  in  degree,  in  the  Divine  being.  The  sense  of  Truth 
implies  its  actual  existence  in  a  being  who  is  himself  its  soiu'ce  and 
centre ;  and  the  longing  for  a  yet  higher  measure  of  it,  which  is  expe- 
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irienced  in  the  greatest  force  by  those  who  have  already  attained  the 
•truest  and  widest  view,  is  the  testimony  of  our  own  souls  to  the  Truth  of 
tthe  Divine  Natm^e.    The  perception  of  Right,  in  like  manner,  leads  us  to 
I  the  Absolute  lawgiver  who  implanted  it  in  oiu:  constitution;  and,  as  has 
Ibeen  well  remarked,  "  all  the  appeals  of  innocence  against  unrighteous 
t force  are  appeals  to  eternal  justice,  and  all  the  visions  of  moral  purity 
:  ai-e  glimpses  of  the  infinite  excellence."    The  aspirations  of  the  most 
I  exalted  moral  natures  after  a  yet  higher  state  of  Holiness  and  Purity,  can 
>  only  be  satisfied  by  the  contemplation  of  such  perfection  as  no  merely 
Human  being  has  ever  attained;  and  it  is  only  in  the  contemplation  of 
■  the  Divine  Ideal,  that  they  meet  thek  appropriate  object.    And  the  senti- 
i  ment  of  Beauty,  especially  as  it  rises  from  the  material  to  the  spiritual, 
passes  beyond  the  noblest  creations  of  art  and  the  most  perfect  realiza- 
tion of  it  in  the  outward  life,  and  soars  into  the  region  of  the  Unseen, 
where  alone  the  imagination  can  freely  expand  itself  in  the  contem- 
plation of  such  Beauty  as  no  objective  representation  can  embody.  — 
And  it  is  by  combining,  so  far  as  om-  capacity  will  admit,  the  ideas 
which  we  thus  derive  from  reflection  upon  the  facts  of  our  own  conscious- 
ness, with  those  which  we  draw  fi-om  the  contemplation  of  the  Universe 
around  us,  that  we  form,  the  justest  conception  of  the  Divine  Nature,  of 
which  our  finite  minds  are  capable.     We  are  led  to  conceive  of  Him  as 
the  Absolute,  Unchangeable,  Self-Existent,  —  Infinite  in  duration,  —  Illi- 
mitable in  space, — the  highest  ideal  of  Truth,  Right,  and  Beauty,  —  the 
All-powerful  source  of  that  agency  which  we  recognize  in  the  phenomena 
of  Nature, —  the  All-Wise  designer  of  that  wondrous  plan,  whose  original 
perfection  is  the  real  source  of  the  uniformity  and  harmony  which 
we  recognize  in  its  operation, — the  All-Benevolent  contriver  of  the  hap- 
piness of  His  sentient  creatures,  —  the  All-Just  disposer  of  events  in  the 
Moral  world,  for  the  evolution  of  the  ultimate  ends  for  which  Man  was 
called  into  existence.    In  proportion  to  the  elevation  of  our  own  spiritual 
natm-e,  and  the  harmonious  development  of  its  several  tendencies,  will  be 
the  elevation  and  harmoniousness  of  our  conception  of  the  Divine ;  and 
in  proportion,  more  particularly,  as  we  succeed  in  raising  ourselves 
towards  that  ideal  of  perfection  which  has  been  graciously  presented  to 
us  in  the  "  well-beloved  Son  of  God,"  are  the  relations  of  the  Divine 
Nature  to  our  own  felt  to  be  more  intimate.    And  it  is  from  the  con- 
sciousness of  our  relation  to  God,  as  His  creatures,  as  His  children,  and  as 
independent  but  responsible  fellow-workers  with  Him  in  accomplishing 
His  great  purposes,  that  all  those  Ideas  and  Sentiments  arise,  which  are 
designated  as  Religious,  and  which  constitute  that  most  exalted  portion 
of  our  nature,  of  whose  continued  existence  and  yet  higher  elevation  we 
have  the  fullest  assm'ance,  both  in  the  depths  of  our  own  consciousness 
and  in  the  promises  of  Revelation. 

817.  Upon  the  Sensational  and  Intellectual  Ideas  thus  brought  under 
the  cognizance  of  the  Mind,  all  acts  of  Reasoning  are  founded.  These 
consist,  for  the  most  part,  in  the  aggregation  and  collocation  of  ideas,  the 
decomposition  of  complex  ideas  into  more  simple  ones,  and  the  combina- 
tion of  simple  ideas  into  general  expressions ;  in  which  are  exercised  the 
faculty  of  Comparison,  by  which  the  relations  and  connections  of  ideas  are 
perceived, — that  of  Abstraction,  by  which  we  fix  our  attention  on  any  parti- 
cular qualities  of  the  object  of  our  thought,  and  isolate  it  from  the  re^t, — 
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and  that  of  Generalization,  by  which  we  connect  together  those  properties 
which  have  been  thus  discovered  to  be  common  to  a  number  of  objects. 
These  operations,  when  cai'efuUy  analyzed,  seem  capable  of  reduction  to  this 
one  expression, — namely,  the  fixation  of  our  Attention  on  some  particular 
classes  of  ideas,  from  among  those  which  Suggestion  brings  before  om-  con- 
sciousness ;  and  this  fixation  may  result,  as  already  shown,  either  from 
the  peculiar  attractiveness  which  these  classes  of  ideas  have  for  us  (the 
constitution  of  individual  minds  varying  greatly  in  this  respect),  or  ou 
the  determination  of  om'  own  Will,  —  The  foregoing  are  the  pm-ely  intel- 
lectual processes  chiefly  concerned  in  the  simple  acquirement  of  know- 
ledge, with  which  class  of  operations,  the  Emotional  pai't  of  our  natm-c 
has  very  little  participation;  and  there  is  strong  reason  to  believe  that 
they  may  be  performed  automatically  to  a  very  considerable  extent,  with- 
out any  other  than  a  permissive  act  of  Will.  It  is  clearly  by  such  auto- 
matic action  that  the  above-mentioned  ' fundamental  axioms' or 'intui- 
tions' are  evolved;  and  there  is  not  one  of  the  operations  above  described, 
which  may  not  be  performed  quite  involuntarily,  especially  by  an  indi- 
vidual who  is  natm-ally  disposed  to  it.  Thus  to  some  persons,  the  ten- 
dency to  comi:)are  any  new  object  of  consciousness  with  objects  that  have 
been  previously  before  the  mind,  is  so  strong  as  to  be  almost  irresistible ; 
and  this,  or  any  other  original  tendency,  is  strengthened  by  the  habit  of 
acting  in  conformity  with  it.  So,  again,  the  tendency  to  abstraction  is 
C(]ually  strong  in  the  minds  of  others,  who  instinctively  seek  to  separate 
what  is  fundamental  and  essential  in  the  properties  of  objects,  from  what 
is  superficial  and  accidental ;  and  their  attention  being  most  attracted  by 
the  former,  they  readily  recognize  the  same  characters  elsewhere,  and  ai'c 
thus  as  prone  to  combine  and  generalize,  as  others  are  to  analyze  and 
distihguish.  It  is  only,  in  fact,  when  we  intentionally  divert  the  current 
of  thought  from  the  du'ection  in  which  it  was  previously  running, — when 
we  determine  to  put  om'  minds  in  opei'ation  in  some  particular  manner, — 
and  make  a  choice  of  meam  adapted  to  our  end  (as  in  the  act  of  Recollec- 
tion already  described)  by  purposely  fixing  our  attention  upon  one  class 
of  objects  and  excluding  others,  —  that  we  can  be  said  to  use  the  WiU  in 
the  act  of  Reasoning;  and  this  exercise  of  it  is  shown  by  the  analysis  of 
om'  own  consciousness,  to  be  much  rarer  than  is  commonly  supposed. 
Thus  we  may  imagine  a  man  sitting  down  at  a  fixed  hour  every  day,  to 
wa-ite  a  treatise  upon  a  subject  which  he  has  previously  thought-out; 
after  that  first  effort  of  WiU  by  which  his  determination  was  made,  the 
daily  continuance  of  his  task  becomes  so  habitual  to  him,  that  no  ft'esh 
exertion  of  it  is  required  to  bring  him  to  his  desk ;  and,  unless  he  feel 
unfit  for  his  work,  or  some  other  object  of  interest  tempt  him  away  from 
it,  so  that  he  is  called-upon  to  decide  between  contending  motives,  his 
Will  cannot  be  fairly  said  to  be  brought  into  exercise.  It  may  need,  per- 
haps, some  voluntary  fixation  of  his  attention  upon  the  topics  upon  which 
he  had  been  engaged  when  he  last  dropped  the  thread,  to  enable  liim  to 
recover  it  so  as  to  commence  his  new  laboiu's  in  continuity  with  the 
preceding ;  but  when  once  his  mind  is  fairly  engrossed  with  his  subject, 
this  developes  itself  before  his  consciousness  according  to  his  previous 
habits  of  mental  action ;  ideas  follow  one  another  in  rapid  and  continu- 
ous succession,  clothe  themselves  in  words,  and  prompt  the  movements  ; 
by  which  those  words  arc  expressed  in  writing ;  and  this  automatic  action 
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may  continue  uninteiTnj)tedly  for  hours,  without  any  tendency  of  the 
mind  to  wander  from  its  subject,  the  Will  being  only  called  into  play 
wlien  the  feeling  of  fatigue  or  the  distraction  of  other  objects  renders  it 
difficult  to  keep  the  attention  fixed  upon  that  which  has  previously  held 
it  by  its  own  attractive  power.* —  The  converse  of  this  condition  is  expe- 
rienced, when  some  powerful  interest  tends  to  draw-off  the  attention  else- 
where, and  the  thoughts  are  found  to  wander  continually  from  the  subject 
in  hand;  or  when,  from  the  imdue  protraction  of  mental  exertion,  the 
state  of  the  brain  is  such  that  the  thoughts  no  longer  develope  them- 
selves consecutively  in  the  mind,  nor  shape  themselves  into  appropriate 
forms  of  expression.  In  either  of  these  cases,  the  intellectual  powers  can 
only  be  kept  in  action  upon  the  pre-determined  subject,  by  a  strong 
effi)rt  of  the  Will ;  of  this  effort  we  are  conscious  at  the  time,  and  feel 
that  we  need  to  put-forth  even  a  greater  power  than  that  which  would  be 
required  to  generate  a  large  amount  of  physical  force  through  the  mus- 
cular system  J  and  we  subsequently  experience  the  results  of  it,  in  the 

*  Two  veiy  remarkable  instances  mfiy  be  noticed,  in  men  distinguished,  the  one  for  intel- 
lectual, the  other  for  artistic  ability;  in  both  of  whom  the  mental  action  which  evolved  the 
result,  seems  to  have  been  in  great  degree  of  an  automatic  cliaracter. — All  accounts  of  Cole- 
ridge's habits  of  thought,  as  manifested  in  his  conversation  (which  was  a  sort  of  thinkiv;/ 
aloud)  agree  in  showing  that  his  train  of  mental  operations,  once  started,  went  on  of  itself, 
sometimes  for  a  long  distance  in  the  original  direction,  sometimes  with  a  divergence  into 
some  other  track,  according  to  the  consecutive  suggestions  of  his  own  mind,  or  to  new  sugges- 
tions introduced  into  it  from  without.    His  whole  course  of  life  was  one  continued  proof  of 
the  weakness  of  his  Will ;  for,  with  numerous  gigantic  projects  continually  in  his  mind,  he 
could  never  bring  himself  even  seriously  to  attempt  to  execute  any  one  of  tbem ;  and  his 
utter  deficiency  in  self-control  rendered  it  necessary  for  his  welfare  that  he  should  yield  himself 
to  the  control  of  others.    The  composition  of  the  poetical  fragment'"  Kubla  K.han''' inhis  sleep, 
is  a  typical  example  of  automatic  mental  action ;  and  almost  his  whole  life  might  be  regarded 
as  a  sort  of  waking  dream,  in  regard  to  the  deficiency  of  that  self-determining  power  which 
is  the  pre-eminent  characteristic  of  every  really  great  mind.^   (The  most  striking  portraiture 
of  Coleridge's  habits  of  conversation,  is  to  be  found  in  Carlyle's  "  Life  of  John  Sterling.") — 
The  -whole  artistic  life  of  Mozart,  from  his  infancy  to  his  death,  save  in  so  far  as  the  earlier 
part  of  it  was  directed  by  his  father,  may  be  cited  as  an  example  of  the  spontaneous  or  auto- 
matic development  of  musical  ideas,  which  expressed  themselves  in  the  language  appropriate 
to  them.    When  only  four  years  old,  he  began  to  write  music,  which  was  found  to  be  in 
strict  accordance  with  the  rules  of  composition,  although  he  had  received  no  instruction  in 
these.    And  when  engaged  in  adult  life,  in  the  production  of  those  works  which  have  ren- 
dered his  name  immortal,  it  was  enough  for  him  once  to  fix  his  thoughts  in  the  first  instance 
upon  the  subject  (the  libretto  of  an  opera,  for  example,  or  the  words  of  a  religious  service),  so 
as  to  give  the  requisite  start  and  direction  to  his  ideas,  which  then  flowed  onwards  without 
any  efi^ort  of  his  own  ;  so  that  the  whole  of  a  symphony  or  an  overture  would  develope  itself  in 
his  mind,  its  separate  instrumental  parts  taking  (so  to  speak)  their  respective  shapes,  witliout 
any  intentioTial  elaboration.    In  fact,  the  only  exercise  of  Will  that  seemed  to  be  required  on 
his  part,  consisted  in  the  noting-down  of  the  composition  when  complete ;  and  this,  under 
the  temptations  of  social  intercourse,  and  a  dislike  to  anything  like  '  work,'  he  would  sometimes 
postpone  until  the  last  moment.   Thus  it  is  well  known  that  his  overture  to  Don  Giovanni  was 
only  written-out  (although  it  must  have  been  previously  composed)  during  the  night  previous 
to  its  performance,  which  took  place  without  any  rehearsal.    It  is  recorded  of  him,  that  being 
once  asked  by  an  inferior  musician  how  he  set  to  work  to  compose  a  symphony,  he  replied — 
"  If  you  once  think  of  hoiu  you  are  to  do  it,  you  will  never  write  anything  worth  hearing.  / 
write  because  I  cannot  help  it."    Mozart,  like  Coleridge,  was  a  man  of  extremely  weak  will ; 
he  could  neither  keep  firm  to  a  resolution,  nor  resist  temptation  ;  and  when  not  under  the 
guidance  of  his  excellent  wife,  was  the  sport  of  almost  every  kind  of  impulse.    But  there  was 
probably  never  a  more  remarkable  example  than  his  musical  career  presents,  of  the  automatic 
operation  of  that  creative  p  ower  which  specially  constitutes  Genius  ;  and  his  life  is  altogetiier 
a  most  interesting  study  to  the  Psychologist,  as  well  as  to  the  Musician.    (See  especially  the 
"  Life  of  Mozart  "  by  Edward  Holmes.) 
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feeling  of  excessive  ftitigue  which  always  follows  any  exertion  that  calls 
the  Cerebrum  into  extraordinary  activity. 

818.  But  we  seem  justified  in  proceeding  farther,  and  in  affirming  that 
the  Cerebrum  may  act  upon  impressions  transmitted  to  it,  and  may 
elaborate  results  such  as  we  might  have  attained  by  the  pm-posive  direc- 
tion of  our  minds  to  the  subject,  without  any  consciousness  on  our  own 
parts ;  so  that  we  only  become  aware  of  the  operation  which  has  taken 
place,  when  we  compare  the  result,  as  it  presents  itself  to  our  minds  after 
it  has  been  attained,  with  the  materials  submitted  to  the  process.  The 
ordinary  experience  of  most  persons  will  supply  them  with  examples  of 
this  form  of  Cerebral  activit3^  One  of  the  simplest  instances  of  it  is  to 
be  found  in  the  process  by  which  we  acquire  a  knowledge  of  the  meaning 
of  an  author  whose  writings  we  are  perusing.  For,  if  the  subject  be  one 
into  which  we  readily  enter,  and  if  the  writer's  flow  of  thought  be  one 
which  we  easily  follow,  and  his  language  be  appropriate  to  express  his 
ideas,  we  acquire  the  meaning  of  one  sentence  after  another,  without  any 
conscious  recognition  of  the  meaning  of  each  of  the  component  words; 
and  yet  it  is  certain  that  a  particular  impression  must  have  been  made 
by  eacli  of  these  words  upon  the  Cerebrum,  before  we  can  comprehend 
the  notion  which  they  were  collectively  intended  to  convey.  It  is  only 
when  the  language  is  ill-chosen,  or  when  we  do  not  readily  follow  the 
author's  train  of  thought,  that  we  direct  our  attention  to  the  signification 
of  the  individual  words,  and  become  conscious  of  their  separate  meaning. 
In  like  manner,  an  expert  calculator  will  cast  his  eye  rapidly  from  the 
bottom  to  the  top  of  a  column  of  figures,  and  will  name  the  total,  without 
any  conscious  appreciation  of  the  value  of  each  individual  figure. — But  in 
these  instances,  no  higher  act  of  mind  is  required,  than  the  production  of 
one  complex  idea  out  of  an  aggregate  of  simpler  elements  ;  there  are  cases, 
however,  in  which  processes  of  a  fiu'  more  elaborate  nature  ai'e  can-ied 
on,  without  necessarily  affecting  our  consciousness.  Most  persons  who 
attend  to  their  own  mental  operations,  are  aware  that  when  they  have 
been  occupied  for  some  time  about  a  particular  subject,  and  have  then 
transferred  their  attention  to  some  other,  the  first,  when  they  retum  to 
the  consideration  of  it,  may  be  found  to  present  an  aspect  very  different 
from  that  which  it  possessed  before  it  was  put  aside ;  notwithstauchng 
that  the  mind  has  since  been  so  completely  engi'ossed  with  the  second 
subject,  as  not  to  have  been  consciously  directed  towards  the  first  iii 
the  interval.  Now  a  part  of  this  change  may  depend  upon  the  altered 
condition  of  the  mind  itself,  such  as  we  experience  when  we  take-up  a 
subject  in  the  morning  with  all  the  vigour  which  we  derive  from  the 
refreshment  of  sleep,  and  find  no  difficulty  in  overcoming  difficulties  and 
in  disentangling  perplexities  which  checked  our  further  progress  the 
night  before,  when  we  were  too  weary  to  give  more  than  a  languid  atten- 
tion to  the  points  to  be  made-out,  and  could  use  no  exertion  in  the  search 
for  their  solutions.  But  this  by  no  means  accounts  for  the  entirely  new 
development  which  the  subject  is  frequently  found  to  have  undergone, 
when  we  return  to  it  after  a  considerable  interval ;  a  development  Avhich 
cannot  be  reasonably  explained  in  any  other  mode,  than  by  attributing  it 
to  the  intermediate  activity  of  the  Cerebrum,  which  has  in  this  instance 
automatically  evolved  the  result  without  our  consciousness.  Strange  as 
this  phenomenon  may  at  first  sight  apj)ear,  it  is  found,  when  carefully 
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considered,  to  be  in  complete  haraiony  with  all  that  has  been  affirmed  in 
the  preceding  paragraphs,  respecting  the  relation  of  the  Cerebrum  to  the 
Sensorium,  and  tlie  independent  action  of  the  former ;  and  looking  at  all 
those  automatic  operations  by  which  results  are  evolved  without  any 
intentional  direction  of  the  Mind  to  them,  in  the  light  of  'reflex  actions'  of 
the  Cerebrum,  there  is  no  more  difficulty  in  comprehending  that  such  reflex 
actions  may  proceed  without  our  knowledge,  so  as  to  evolve  intellectual 
products  when  their  results  are  transmitted  to  the  Sensorium  and  are 
thus  impressed  on  om'  consciousness,  than  there  is  in  understanding  that 
impressions  may  excite  muscular  movements,  through  the  'reflex'  power 
of  the  Spinal  Cord,  without  the  necessary  intervention  of  Sensation.  In 
both  cases,  the  condition  of  this  form  of  independent  activity,  is  that  the 
receptivity  of  the  Sensorium  shall  be  suspended  quoad  the  changes  in 
question,  either  by  the  severance  of  structm'al  connection,  or  through  its 
temporary  engrossment  by  other  objects.* 

819.  It  is  difficult  to  find  an  appropriate  term  for  this  class  of  opera- 
tions. They  can  scarcely  be  designated  as  Reasoning  Processes,  since 
'  unconscious  reasoning'  is  a  contradiction  in  terms.  The  designation 
Unconscious  Cerebration  is  perhaps  less  objectionable  than  any  other. — 
But  it  must  not  be  left  out  of  view,  that  emotioned  states,  or  rather  states 
which  constitute  emotions  when  we  become  conscious  of  them,  may  be 
developed  by  the  same  process;  so  that  our  feelings  towards  persons  and 
objects  may  undergo  most  important  changes,  without  our  being  in  the 
least  degree  aware,  imtil  we  have  our  attention  directed  to  our  own 
mental  state,  of  the  alteration  which  has  taken  place  in  them.  A  very 
common  but  very  characteristic  example  of  this  kind  of  action,  is  afibrded 
by  the  powerful  attachment  which  often  grows  up  between  individuals  of 
opposite  sexes,  without  either  being  aware  of  the  fact;  the  full  strength 
of  this  attachment  being  only  revealed  to  the  consciousness  of  each,  when 
circumstances  threaten  a  separation,  and  when  each  becomes  cognizant 
of  the  feelings  entertained  by  the  other.  The  existence  of  a  mutual 
attachment,  indeed,  is  often  recognized  by  a  by-stander  (especially  if  the 
perceptions  be  sharpened  by  jealousy,  which  leads  to  an  intuitive  inter- 
pretation of  many  minute  occurrences  which  would  be  without  significa- 
tion to  an  ordinary  observer),  before  either  of  the  parties  has  made  the 
discovery,  whether  as  regards  the  individual  self,  or  the  beloved  object; 
the  Cerebral  state  manifesting  itself  in  action,  although  no  distinct  con- 
sciousness of  that  state  has  been  attained,  chiefly  because,  the  whole  atten- 

*  It  may  serve  to  give  the  readers  of  this  Treatise  more  confidence  than  they  might  other- 
wise feel  in  the  truth  of  the  above  doctrine,  if  the  Author  mentions,  that,  having  been  led  to 
entert.iin  it  as  possible  on  purely  Physiological  grounds,  he  then  began  to  question  not  merely 
his  own  experience  but  that  of  others,  as  to  the  Psychological  evidence  of  unconscious  Cere- 
bral activity.  Having  found  enough  in  the  results  of  this  inquiry  to  convert  the  possibility 
into  -A  probability,  lie  next  took  an  opportunity  of  placing  his  views  before  two  of  the  deepest 
thinkers  of  the  present  day.  Sir  W.  Plamilton  and  Mr.  John  Mill.  From  the  former  he 
learned  that  the  doctrine  had  been  advfinced  by  Leibnitz  more  than  two  centuries  since ;  and 
that  the  first  of  the  above  illustrations  had  actually  been  adduced  by  that  eminent  philosopher 
in  its  support.  J3y  the  latter  he  was  assured  that  the  fact  of  the  unconscious  development 
of  a  subject  of  thought  was  so  familiar  to  him,  that,  when  he  found  it  difficult  to  pursue  an 
inquiry  further,  not  seeing  his  way  clearly  through  its  entanglements,  lie  was  accustomed  to 
lay  it  aside  for  weeks  or  even  months,  and  to  devote  himself  to  some  other  object,  with  the 
full  expectation  (derived  from  frequent  experience)  of  being  able  to  prosecute  his  first  inves- 
tigation with  diminished  difficulty,  whenever  he  might  feel  disposed  to  resume  it. 
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tion  being  attracted  by  the  present  enjoyment,  there  is  little  disposition 
to  Introspection.  The  fact,  indeed,  is  recognized  in  our  ordinary  lan- 
guage ;  for  we  continually  speak  of  the  feelings  which  we  unconsciously 
entertain  towards  another,  and  of  our  not  becoming  aware  of  them  initil 
some  circumstances  call  them  into  activity.  Here,  again,  it  would  seem 
as  if  the  material  organ  of  these  feelings  tends  to  form  itself  in  accord- 
ance with  the  impressions  which  are  habitually  made  upon  it;  so  that  we 
are  as  completely  unaware  of  the  changes  which  may  have  taken  place 
in  it,  as  we  are  of  those  by  which  passing  events  are  registered  in  our 
minds  (§  812),  until  some  circumstance  calls  forth  the  conscious  manifes- 
tation, which  is  the  'reflex'  of  the  new  condition  which  the  organ  has 
acquired.  And  it  may  be  remarked  in  this  connection,  that  the  Emo- 
tional state  seems  often  to  be  determined  by  circumstances  of  which  the 
individual  has  no  distinct  consciousness,  and  especially  by  the  emotional 
states  of  those  by  whom  he  is  surrounded ;  a  mode  of  influence  which  is 
exerted  with  peculiar  potency  on  the  minds  of  children,  and  which  is  a 
most  important  element  in  their  Moral  Education.* 

820.  The  fticulty  of  Imagination  is  in  some  respects  opposed  in  its 
character  to  that  of  Reason;  being  chiefly  concerned  abovit  fictitious 
objects,  instead  of  real  ones.  Still,  it  is  in  a  great  degree  an  exercise  of 
the  same  powers,  though  in  a  different  manner.  Thus  it  is  partly  con- 
corned  in  framing  new  combinations  of  ideas  relating  to  external  objects, 
and  is  thus  an  extended  exercise  of  Conception ;  placing  us,  in  idea,  in 
scenes,  circumstances,  and  relations,  in  which  actual  experience  never 
found  us;  and  thus  giving  rise  to  a  new  set  of  objects  of  thought.  In 
fact,  every  Conception  of  that  which  has  not  been  itself  an  object  of  per- 
ception, may,  strictly  speaking,  be  regarded  as  the  result  of  the  exercise 
of  Imagination.  Now  the  new  Conceptions  or  mental  creations  thus 
formed,  take  their  character,  in  great  degree,  from  the  Emotional  tenden- 
cies of  the  mind ;  so  that  the  previous  development  of  pai'ticular  feelings 
and  affections  will  influence,  not  merely  the  selection  of  the  objects,  but 
the  mode  in  which  they  ai'e  thus  idealized.  In  the  higher  efforts  of  the 
Imagination,  the  mind  is  not  so  much  concerned  with  the  class  of  sensa- 
tional ideas,  as  with  those  of  the  intellectual  character;  and  the  collo- 
cation, analysis,  and  comparison  of  these,  by  which  new  forms  and  com- 
binations are  suggested  to  the  mind,  involve  the  exercise  of  the  same 
powers  as  those  concerned  in  acts  of  Reasoning ;  but  they  ai-e  exercised 
in  a  different  way.  Whilst  the  Imagination  thus  depends  upon  the  Intel- 
lectual powers  for  all  its  higher  operations,  the  understanding  may  be  said 
to  be  equally  indebted  to  the  imagination ;  for  the  ideal  combinations, 
which  are  the  results  of  the  action  of  the  latter,  do  not  merely  engage 
the  attention  of  the  Artist,  who  aims  to  develope  them  in  material  forms, 
but  are  the  great  sources  of  the  improvement  of  the  knowledge  and  hap- 
piness possessed  by  our  race,  —  operating  alike  in  the  common  affaii'S  of 
life,  by  suggesting  those  pictures  of  the  future  which  ai-e  ever  before  our 
eyes,  and  are  our  animating  springs  of  action,  with  their  visions  of  enjoy- 
ment never  perhaps  to  be  fully  realized,  and  their  prospects  of  anticipated 
evil  that  often  prove  to  be  an  exaggeration  of  the  reality, — prompting  the 

*  See  an  admirable  Discourse  on  '  Unconscious  Influences,'  by  the  Rev.  Horace  Bushnell, 
of  Hartford  (N.  E.),  published  in  the  "  Penny  Pulpit,"  No.  1 1 99. 
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iuvestigatious  of  Science,  that  ai'e  gradually  uufolding  the  sublime  plau 
ou  which  the  Universe  is  governed,  —  and  leading  to  a  continual  aspira- 
tion after  those  higliest  forms  of  Moral  and  Intellectual  beauty,  which 
are  inseparably  connected  with  purity  and  love. 

'  821.  We  have  now,  in  the  last  place,  to  inquire  into  the  mode  in 
which  Volition  operates  in  determining  the  course  of  thought  and  the 
regulation  of  the  conduct ;  —  a  problem  of  extreme  difficulty,  the  entire 
solution  of  which  may  not  lie  within  the  limited  sphere  of  Man's  present 
capacity.  The  chief  subject  of  embarrassment  is  rather  the  nature  and 
som'ce  of  the  Will  itself,  than  the  conditions  of  its  operation  j  for  whilst 
a  careful  analysis  of  our  own  consciousness  throws  much  light  on  the 
latter,  the  scientific  investigation  of  the  former  tends  to  results  which  are 
inconsistent  with  our  intuitive  conviction  of  freedom,  as  well  as  with  our 
scarcely  less  intuitive  notion  of  moral  responsibility.  Dismissing  the 
former  question,  therefore,  as  one  which  requires  a  much  more  laboured 
discussion  than  could  here  be  appropriately  bestowed  upon  it,  we  may 
apply  om-selves  to  the  consideration  of  the  mode  in  which  Volition  acts 
(1.)  upon  the  Corporeal  organism,  and  (2.)  upon  our  Psychical  nature. 

822.  It  is  a  fact  of  universal  experience,  that,  although  certain  states  of 
Mind  have  a  remarkable  influence  on  the  Organic  functions,  no  change  in 
their  usual  course  can  be  determined  by  the  direct  influence  of  the  Will.* 
The  only  sensible  effect  which  the  strongest  effort  of  Volition  can  pro- 
duce on  the  bodily  frame,  is  the  excitation  of  muscular  contraction. 
Now  if  we  examine  into  the  catise  of  a  Volitional  movement,  we  find  it  to 
lie,  as  in  other  instances,  in  a  certain  combination  of  material  conditions 
with  dynamical  agency  (p.  3).  The  aggregate  of  the  material  conditions 
is  a  state  of  integiity  of  the  muscular  and  nervous  apparatus  through 
which  the  Will  operates;  the  dynamical  agency  is  the  effort  which  we 
are  conscious  of  putting-forth,  and  which  we  feel  to  be  the  2>ower  by  which 
the  work  is  done,  the  degree  of  volitional  exertion  re(juired  being  strictly 
proportional  to  the  amount  of  resistance  to  be  overcome,  and  being  fol- 
lowed by  a  corresponding  sense  of  fatigue,  which  is  the  indication  of  the 
expenditure  of  force.  As  already  pointed-out  (§  799),  it  is  an  essential 
condition  of  every  Volitional  action,  that  a  distinct  idea  should  exist  of 
the  object  to  be  attained,  and  that  there  should  be  also  a  belief  in 
the  possibility  of  attaining  it  by  the  means  employed ;  and  further,  the 
amomit  of  power  which  can  be  put  forth  on  any  occasion,  is  dependent, 
cceteris  paribtis,  upon  the  degree  in  which  the  attention  is  concentrated 
upon  the  effort,  and  the  mind  withdrawn  from  the  contemplation  of 
other  objects.  Hence  it  is  (we  have  seen),  that  Emotional  excitement 
may  either  intensify  or  paralyse  the  VoHtional  power,  according  as  it 
determines  or  interferes-with  the  special  direction  of  the  mental  energy 
to  the  object  with  which  it  is  connected.  But  the  same  influence  is 
capable  of  being  exerted  by  the  simple  dominance  of  ideas,  in  certain 
states  of  mind  in  which  the  directing  power  of  the  Will  over  the  current 
of  thought  is  altogether  suspended,  without  the  destruction  of  the  capa- 
city for  voluntary  exertion  of  the  nervo-muscular  appai-atus.  Thus  the 
Author  has  seen  a  man  remarkable  for  the  poverty  of  his  musculai- 

*  "  Which  of  you,  by  taking  tliought,  can  add  one  cubit  to  his  stature  "  Thou  canst 
not  make  one  hair  white  or  black." 
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development,  who  shrank  from  the  least  exertion  in  his  ordinary  state, 
lift  a  28-lb.  upon  his  little  finger  alone,  and  swing  it  round  his  head 
with  the  gi'eatest  facility,  when  in  that  state  of  artificial  somnambulism 
termed  Hypnotism  by  Mi\  Braid  (§  827) ;  his  extraordinary  command  of 
muscular  power  in  this  condition  being  simply  due  to  the  complete  con- 
centration of  his  mental  energy  upon  the  one  object,  and  to  the  domi- 
nance of  the  idea  (with  which  his  mind  was  possessed  by  the  confident 
assurances  of  Mr.  Braid)  that  he  could  attain  it  with  the  greatest  facility, 
—  that  idea  not  being  negatived  by  his  ordinary  experience,  for  reasons 
hereafter  to  be  stated  (§  824).    On  the  other  hand,  the  same  individual 
(whilst  in  the  hypnotic  state)  declared  himself  altogether  unable  to  raise 
a  liandkerchief  from  the  table,  after  many  apparently  strenuous  efforts; 
his  mind  having  been  previously  possessed  by  the  assm-ance  that  its 
weight  was  too  great  for  him  to  move.*    In  that  curious  state  of  ai-ti- 
ficial  Keverie,  which  has  recently  attracted  much  attention  under  the 
inappropriate  name  of '  Electro-Biology'  (§  825),  precisely  the  same  phe- 
nomena may  be  observed ;  the  subjects  of  it  being  prevented  from  per- 
forming the  commonest  voluntaiy  movements,  by  the  assurance  that 
tliey  cannot  execute  them,  which  assurance  takes  full  possession  of  their 
minds,  in  virtue  of  their  want  of  power  to  bring  their  ordinaiy  experience 
to  bear  upon  the  idea  thus  introduced ;  whilst  they  may  be  compelled 
by  the  dominance  of  ideas,  introduced  in  like  manner  by  external  sugges- 
tion, to  perform  actions,  which,  if  not  physically  impossible  to  them  in 
their  ordinary  state,  they  could  not  be  induced  to  execute  by  any  con- 
ceivable motives. — These  facts  ai'e  not  so  far  removed  from  our  ordinaiy 
experience,  as  might  at  first  sight  appear.    Foi*  it  must  be  within  the 
knowledge  of  every  one,  that,  when  first  attempting  to  perform  some  new 
kind  of  action,  the  power  we  feel  capable  of  exerting  dej)ends  in  great 
measure  upon  the  degree  of  our  assurance  of  success.    Of  this  we  have  a 
good  example  in  the  process  of  learning  to  swim ;  which  is  greatly  facili- 
tated, as  Dr.  Franklin  pointed  out,  by  our  first  taking  means  to  satisfy 
ourselves  of  the  buoyancy  of  our  bodies  in  the  water,  by  attempting  to 
pick  up  an  object  from  the  bottom.    And  every  one  is  aware  of  the 
assistance  derived  from  the  encouragement  of  others,  when  we  are  our- 
selves doubtful  of  om*  powers ;  and  of  the  detrimental  influence  of  discou- 
ragement or  suggested  doubt,  even  when  we  previously  felt  a  consider- 
able confidence  of  success,  t    These  familiar  facts  show  us,  therefore,  that 

*  The  Author  has  every  reason  to  believe  that  the  personal  character  of  this  individual 
placed  him  above  the  suspicion  of  deceit  ;  and  it  is  obvious  that  if  he  had  practised  the  first 
of  the  above  performances  (which  very  few,  even  of  the  strongest  men,  could  accomplish 
without  practice),  the  effect  would  have  been  visible  in  his  muscular  development.  Ot 
course,  there  was  not  an  equal  proof  of  the  absence  of  deception  in  the  second  case  as  in  the 
first ;  but  if  the  reality  of  the  first,  and  the  validity  of  the  explanation  above  given,  be  ad- 
mitted, there  need  be  no  difficulty  in  the  reception  of  the  second,  since  it  is  only  another 
manifestation  of  the  same  mental  condition. 

f  The  Author  well  remembers,  several  years  ago,  being  among  those  who  tested  the 
validity  of  the  statement  put  forth  in  Sir  D.  Brewster's  "  Natural  Magic,"  that  four  per- 
sons can  lift  a  full-sized  individual  from  the  ground,  high  into  the  air,  with  the  greatest 
facility,  if  they  all  take-in  a  full  breath  previously  to  the  effort,  the  person  lifted  doing  the 
same.  He  could  readily  understand,  upon  physiological  principles,  that  a  full  inspiration  on 
the  part  of  the  lifters  would  have  a  certain  degree  of  efficacy  in  augmenting  their  nervo- 
muscular  power  ;  but  he  could  not  perceive  how  the  performance  of  the  same  act  by  tlie 
person  lifted  could  have  any  appreciable  effect  ;  and  while  many  of  iiis  acquaintances  assurea 
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the  i)henomeua  just  described  as  occun-ing  in  abuormal  states,  are  in  no 
respect  contrary  to  onr  knowledge  of  the  conditions  under  which  the  Will 
operates  in  producing  muscular  movement;  but  afford,  when  rightly 
interpreted,  a  strong  confirmation  of  the  statements  already  made  respect- 
ing the  nature  of  those  conditions. 

823.  The  Will  is  exerted,  however,  not  merely  in  determining  the  actions 
of  the  body,  but  also  in  regulating  the  operations  of  the  Mind ;  and  here 
again  we  find  that  its  action  is  limited  by  certain  conditions,  the  know- 
ledge of  which  is  of  great  importance.  It  may  be  said,  generally,  that 
we  have  no  direct  power  of  calling  before  our  consciousness,  by  a  voli- 
tional effort,  ideas  which  are  not  already  present  there ;  thus,  in  the  act 
of  Recollection,  we  can  do  no  more  than  fix  our  minds  upon  those  ideas 
which  seem  most  likely  to  recall,  by  an  act  of  suggestion,  the  one  which 
we  desiderate  (§  813).  But  what  we  do  possess,  is  the  power  of  exclud- 
ing some  ideas,  and  of  bringing  others  prominently  before  our  mental 
vision ;  and  this  by  the  power  of  Voluntary  A  ttention,  which  is  the  chief 
if  not  the  sole  means  by  which  the  sequence  of  our  thoughts  is  directed 
by  the  Will.  It  has  been  already  pointed-out  that  the  Attention  may  be 
involuutai-ily  fixed  upon  certain  subjects  of  consciousness,  through  the 
attraction  they  exert  upon  the  individual  mind,  in  virtue  either  of  its 
original  constitution  or  of  its  acquired  habitudes;  it  being  this  attraction 
which  determines  the  automatic  action  of  our  faculties  (§  811).  When 
most  strongly  exerted,  it  causes  the  consciousness  to  be  so  comj)letely 
engTossed  by  one  train  of  ideas,  that  the  mind  is,  for  the  time,  incapable 
of  any  other  ideational  change :  sensory  impressions,  if  felt,  not  being 
perceived ;  and,  where  the  consciousness  is  most  completely  concentrated 
upon  the  internal  oj^erations,  the  individual  being  as  insensible  to  exter- 
nal impressions  as  if  he  were  in  a  profound  sleep.  But  these  auto- 
matic tendencies  of  the  mind  may  be  to  a  'certain  extent  antagonized  by 
the  Will,  which  keeps  them  in  check  (just  as  it  restrains  many  of  the 
automatic  impulses  to  bodily  movement)  by  the  special  power  which  it 
exerts  over  the  Attention.  This  it  can  detach  from  subjects  which  have 
at  the  time  the  greatest  attractiveness  to  it,  and  can  forcibly  direct  it  to 
others  from  which  the  former  would  otherwise  divert  it.  And  in  its 
most  complete  and  powerful  exercise  (which  is  not  within  the  capacity  of 
every  one),  it  can  so  completely  limit  the  mind  to  one  train  of  thought, 
that  the  state  of  Abstraction  induced  by  the  Will  may  be  as  complete  as 

him  tliat,  when  all  the  conditions  were  duly  observed,  the  body  went  np  '  like  a  feather,' 
and  that  they  felt  satisfied  of  being  able  to  support  it  upon  the  points  of  their  fingers,  he 
found  his  own  experience  quite  different  ;  and  came  to  the  conclusion,  after  much  observa- 
tion, that  the  facility  afforded  by  this  method  entirely  depended  upon  the  degree  in  which  it 
fulfilled  the  above-mentioned  conditions,  namely,  the  fixation  of  the  attention  upon  the 
effort,  and  the  conviction  of  the  success  of  the  method.  Whenever  the  attention  was  dis- 
tracted and  confidence  weakened  by  scepticism  as  to  the  result,  the  promised  assistance  was 
not  experienced. — The  Author  may  also  mention,  as  a  very  characteristic  illustration  of  the 
same  principles,  the  following  little  circumstance  communicated  to  him  by  a  friend.  This 
gentleman  relates  that,  having  been  accustomed  in  his  boyhood  to  play  at  bagatelle  with  other 
juniors  of  his  family,  the  party  was  occasionally  joined  by  a  relative  who  was  noted  for  her 
success  at  the  game,  and  who  was  consequently  much  dreaded  as  an  opponent  ;  and  that  on 
one  occasion,  when  she  was  about  to  take  her  turn  against  him,  he  roguishly  exclaimed 
"  Now,  aunty,  you  will  not  be  able  to  make  a  hit the  effect  of  which  suggestion  was,  that 
she  missed  every  stroke,— and  not  only  at  that  turn,  but  through  the  i-cmaindor  of  the 
evening. 
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that  which  in  some  individuals  is  of  spontaneous  occurrence.  In  propor- 
tion as  we  are  able  thus  to  concentrate  our  attention  on  the  subject 
proper  to  the  time,  and  to  exclude  all  distracting  considerations  whilst 
pursuing  the  trains  of  thought  which  the  contemplation  of  it  suggests, 
will  be  our  power  of  advantageously  employing  our  Intellectual  Faculties 
in  the  acquirement  of  knowledge  and  in  the  pursuit  of  truth ;  and  all 
men  who  have  been  distingxxished  by  their  intellectual  achievements, 
have  possessed  this  faculty  in  a  considerable  degree.  It  is  one  which  is 
"  eminently  capable  of  cultivation  by  steady  intention  of  mind  and  habi- 
tual exercise ;"  and  the  more  frequently  it  is  put  in  practice,  the  easier 
the  exercise  becomes.  In  fact,  when  a  man  has  once  brought  his  Intellec- 
tual faculties  under  the  mastery  of  his  Will,  to  such  an  extent  as  to 
induce  the  state  of  Abstraction  whenever  he  pleases,  this  state  becomes 
(as  it  were)  '  secondarily  automatic and  the  fixed  direction  of  the 
thoughts,  which  at  first  required  a  constant  vohtional  effort  for  its  mainte- 
nance, comes  to  be  continued  without  any  consciousness  of  exertion,  so 
long  as  the  Will  may  permit. — We  have,  in  our  own  consciousness  of 
effort,  and  in  our  experience  of  subsequent  fatigue,  a  very  strong  indica- 
tion that  the  power  which  thus  controls  and  directs  the  ciu'rent  of  thought, 
is  of  the  same  Mnd  with  that  which  calls  forth  Volitional  movements  of 
the  body,  though  exerted  in  a  different  mode.  And  just  as  the  strongest 
exertion  of  Will  is  required  to  produce  or  sustain  Muscular  contraction, 
when  the  sense  of  muscular  fatigue  is  already  strongly  experienced,  or 
Avhen  we  are  antagonizing  a  powerfid  automatic  impulse,  so  in  the  deter- 
mination of  Mental  effort  in  a  piu-ticular  direction,  we  find  ourselves 
necessitated  to  make  the  greatest  Vohtional  effort  when  we  are  already 
labouring  under  the  sense  of  cerebral  fatigue,  or  when  the  attention  is 
powerfully  solicited  by  some  other  attractive  object.  And  it  is  after 
any  such  contest  with  our  natural  tendencies,  that  we  experience  the 
greatest  degree  of  exhaustion ;  the  merely  automatic  action  of  the  Mind, 
which  is  attended  with  no  effort,  being  followed  by  comparatively  little 
fatigue.* 

*  The  Author  is  satisfied  from  his  own  experience,  that  a  most  vahiable  indication  may 
be  lience  drawn,  in  regard  to  the  reguhition  of  the  habits  of  Intellectual  labour.  To  indivi- 
duals of  ordinary  mental  activity,  who  have  been  trained  in  the  habit  of  methodical  and 
connected  thinking,  a  very  considerable  amount  of  ivork  is  quite  natural  ;  and  when  such 
persons  are  in  good  bodily  health,  and  the  subject  of  their  labour  is  congenial  to  them, 
— especially  if  it  be  one  that  has  been  chosen  by  themselves  because  it  furnishes  a  centre  oi 
attraction  around  which  their  thoughts  spontaneously  tend  to  range  themselves, — their  intel- 
lectual operations  require  but  little  of  the  controlling  or  directing  power  of  the  Will,  and 
may  be  continued  for  long  periods  together  without  fatigue.  But  from  the  moment  when  an 
indisposition  is  experienced  to  keep  the  attention  fixed  upon  the  subject,  and  the  thoughts 
wander  from  it  unless  coerced  by  the  Will,  the  mental  activity  loses  its  spontaneous  or  auto- 
matic character  ;  and  more  exertion  is  required  to  maintain  it  volitionally  during  a  briet 
period,  and  more  fatigue  is  subsequently  experienced  from  such  an  efibrt,  than  would  be  m- 
volved  in  the  continuance  of  an  automatic  operation  through  a  period  many  times  as  long. 
Hence  he  has  found  it  practically  the  greatest  economy  of  mental  labour,  to  work  vigorously 
when  he  feels  disposed  to  do  so,  and  to  refrain  from  exertion,  so  far  as  possible,  when  it  is 
felt  to  be  an  exertion. — Of  course  this  rule  is  not  applicable  to  all  individuals,  for  there  are 
some  who  would  pass  their  whole  time  in  listless  inactivity  if  not  actually  spurred-on  by  the 
feeling  of  necessity;  but  it  holds  good  for  those  who  are  sufficiently  attracted  by  objects  oi 
interest  before  them,  or  who  have  in  their  worldly  circumstances  a  sufficiently  strong  motive 
to  exertion,  to  make  them  feel  that  they  must  work,  the  question  with  them  being  how  tliey 
can  attain  their  desired  results  with  the  least  expenditure  of  mental  labour. 
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824.  But  this  determining  power  of  Volition  is  employed,  in  however 
slight  a  degree,  whenever  the  succession  of  thought  is  not  'perfectly  spon- 
taneous;* whenever,  in  fact,  we  tvish  our  consciousness  to  take  a  parti- 
cular direction,  even  for  the  apprehension  of  ideas  most  familiar  to  our 
minds.  Of  this  we  derive  the  best  evidence  from  those  curious  states,  in 
which  the  directing  power  of  the  Will  is  entirely  suspended,  whilst  yet 
the  mind  remains  freely  open  to  external  impressions  j  a  condition  which 
shows  us  what  we  should  be,  if  we  really  we7'e  what  some  writers  assure 
us  that  we  actually  are,  mere  thinking  automata,  puppets  moved  in  any 
du-ection  by  the  pulling  of  suggesting-strings  (§  802  note).  This  condi- 
tion presents  itself  spontaneously  in  some  individuals,  and  may  be  in- 
duced in  others ;  and  it  is  not  a  little  remarkable  that  it  may  occur  as  a 
modification  both  of  the  looking  and  the  sleeping  states.  Of  the  former 
we  have  an  example  in  ordinary  Reverie,  a  state  to  which  some  persons 
are  peculiarly  prone;  the  characteristic  of  which  is,  that  whilst,  as  in 
Dreaming,  the  succession  of  thought  is  entirely  automatic,  it  is  in  no 
small  degree  influenced  by  external  impressions,  especially  such  as  arise 
ffom  the  various  phenomena  of  Nature.  It  is  in  minds  in  which  the 
emotional  and  imaginative  elements  predominate,  that  we  usually  find  the 
gi'eatest  tendency  to  reverie  j  and  the  sequence  of  thought,  if  subse- 
quently analysed,  wiU  be  found  to  have  been  chiefly  determined  by  these 
tendencies.  Now  this  sequence  may  conduct  us  to  notions  altogether 
inconsistent  with  om-  most  familiar  experience ;  and  yet  we  accept  them 
as  realities,  notwithstanding  this  incongruity,  because  the  ideas  to  which 
they  are  opposed  are  not  present  to  our  minds  at  the  time,  and  the  dor- 
mant state  of  our  Will  prevents  us  from  making  the  slightest  efibrt  to 
bring  them  before  the  consciousness.  The  state  o^  Abstraction,  or 'ab- 
sence of  mind,'  is  essentially  the  same  with  that  of  reverie ;  the  chief 
difference  being,  that  in  true  Abstraction^  the  mind  is  at  work  ratiocina- 
tively,  a  certain  train  of  thought  being  followed- out  by  the  intellectual 
operations  to  its  logical  conclusion ;  it  being  the  Philosopher  who  is  most 
prone  to  abstraction,  as  the  Poet  is  to  reverie.  Now  it  is  one  of  the 
most  curious  phenomena  of  this  state,  that  external  impressions,  if 
received  by  the  consciousness  at  all,  are  very  often  wrongly  perceived, 
being  interpreted  in  accordance  with  the  ideas  which  happen  to  be  domi- 
nant in  the  mind  at  the  time,  instead  of  giving  rise  to  those  new  ideas 
which  ordinarily  connect  themselves  with  them,  in  virtue  of  the  indivi- 
dual's habitual  experience.  The  records  of  '  absence  of  mind'  are  full  of 
amusing  instances  of  such  misinterpretation.  Nothing  seems  too  strange 
for  the  individual  to  believe,  nothing  too  absurd  for  him  to  do  under  the 
influence  of  that  belief     Thus  of  Dr.  Robert  Hamilton,  a  well-knowu 

*  It  is  hoped  that  the  reader  will  have  been  made  sufficiently  aware  by  the  preceding 
explanations,  that  by  the  terms  '  spontaneous  '  or  '  automatic  '  succession  of  thought,  it  is  in- 
tended to  designate  that  sequence  of  states  of  consciousness,  in  which  everj  one  is  the  im- 
mediate resultant  of  that  which  preceded  it,  whether  th.it  were  ideational  or  sensational. 
Thus  the  current  of  thought  is  alike '  spontaneous,'  when  it  flows-onwards  in  one  continuous 
channel,  being  directed  by  a  single  dominant  idea  which  absorbs  the  whole  attention;  and 
when  the  mind  is  freely  accessible  to  external  impressions,  and  may  be  entirely  guided  by 
them.  The  phenomena  of  Reverie,  Abstraction,  and  Somnambulism  (as  will  be  presently 
seen)  afford  illustrations  of  both  these  states  ;  which,  though  apparently  opposite  in  their 
nature,  arc  really  characterized  by  tlie  same  essential  feature,  namely,  the  absence  of  the 
directing  power  of  the  Will. 


826 


OF  THE  FUNCTIONS  OF  THE  NERVOUS  SYSTEM. 


Professor  at  Aberdeen,  who  was  the  author  of  many  productions  distiu- 
guished  for  their  profound  and  accurate  science,  their  beautiful  arrauoe- 
ment,  and  their  clear  expression,  we  are  informed  that,  "  In  public,  the 
man  was  a  shadow ;  pulled  off  his  hat  to  his  own  wife  in  the  streets,  and 
apologized  for  not  having  the  pleasure  of  her  acquaintance ;  went  to  his 
classes  in  the  college  on  the  dark  mornings  with  one  of  her  white  stock- 
ings on  the  one  leg,  and  one  of  his  own  black  ones  on  the  other ;  often 
sjjent  the  whole  time  of  the  meeting  in  moving  from  the  table  the  hats  of 
the  students,  which  they  as  constantly  returned;  sometimes  invited  them 
to  call  on  him,  and  then  fined  them  for  coming  to  insult  him.  He  would 
run  against  a  cow  in  the  road,  turn  round,  beg  her  pardon,  call  her 
'  Madam,'  and  hope  she  was  not  hm-t.  At  other  times,  he  would  run 
against  posts,  and  chide  them  for  not  getting  out  of  his  way."  * 

825.  A  state  may  be  artificially  induced  in  many  individuals,  by  a 
continued  fixed  gaze  at  an  object  at  a  moderate  distance,  which  is  the 
same  as  that  of  Reverie  and  Abstraction  in  regard  to  the  complete  sus- 
pension of  the  du-ecting  power  of  the  Will  over  the  current  of  thought, 
bxit  which  differs  from  these  in  the  readiness  with  which  the  mind  may 
bo  possessed  with  ideas  suggested  to  it  through  the  medium  of  lang-uage. 
This  state  has  been  commonly  known  by  the  name  Electro-Biological, 
from  the  mode  in  which  its  induction  was  originally  practised  jt  but  it  is 
now  more  frequently  designated  by  the  very  inappropriate  term  Biological. 
The  subject  of  it  may  be  truly  characterized  as  a  thinking  automaton,  the 
whole  coxirse  of  whose  ideas  may  be  determined  by  suggestions  operating 
from  without;  and  his  mind,  having  in  itself  no  power  of  altering  the 
course  of  these  in  even  the  slightest  degree,  is  cut  off"  from  all  recom-se  to 
previous  experience  for  the  examination  of  their  correctness  or  the  deter- 
mination of  their  fallacy.  The  senses  of  the  biologized  subject  are  freely 
accessible  to  external  impressions;  but,  as  in  the  case  of  the  'absent' 
man,  his  perception  of  tliese  is  governed  by  the  ideas  which  may  be 
dominant  in  his  mind  at  the  time ;  and  he  may  be  consequently  led  to 
any  kind  of  absm'd  misinterpretation  of  them.  Yet  his  state  of  mind  is 
not  so  far  removed  from  his  ordinaiy  condition,  as  to  prevent  his  usual 
habits  of  thought  and  feeling  from  displaying  themselves;  and  he  has 

*  See  "  New  Monthly  Magazine,"  vol.  xxviii  p.  510. — The  Author  has  heard  from  an  old 
pupil  of  Dr.  Hamilton  an  anecdote  so  singularly  illustrative  of  this  peculiar  condition,  that  he 
cannot  refrain  from  here  introducing  it.  The  Professor,  walking  one  day  along  the  High 
Street  with  the  front  of  his  breeches  open  (no  very  unusual  occurrence  with  him),  chanced 
to  encounter  a  womam  in  a  white  apron  ;  and  apparently  mistaking  this  apron  for  his  own 
shirt,  he  laid  hold  of  it,  and  began  to  push  it  into  the  situation  which  his  shirt  should  occupy  ! 

+  The  "  Electro- Biologists,"  as  they  term  themselves,  at  first  maintained  that  a  wonderful 
virtue  resided  in  the  little  disk  of  copper  with  a  zinc  centre,  to  which  they  directed  the  gaze 
of  their  '  subjects.'  It  is  now  universally  admitted,  however,  that  any  object  which  serves  as 
point  d''ajrpui  for  the  fixed  gaze,  is  equally  efficacious. — The  Author  has  no  hesitation  in 
avowing  his  belief  in  the  reality  of  the  phenomena,  which  are  described  as  occurring  in  this 
state  ;  these  having  been  presented  to  himself  and  to  other  scientific  inquirers,  by  numerous 
individuals,  on  whose  honesty  and  freedom  from  all  disposition  to  deceive  themselves  or 
others,  implicit  reliance  could  be  placed.  All  public  exhibitions,  the  performers  in  which  are 
of  questionable  character,  are  of  course  open  to  the  obvious  fallacy  of  intentional  deceit. 
With  regard  to  the  interpretation  of  these  phenomena,  however,  he  entirely  dissents  from  the 
statements  commonly  made,  to  the  effect  that  the  Will  of  the  '  biologized'  subject  is  entirely 
under  the  control  of  that  of  the  operator  ;  since  he  regards  the  latter  as  having  no  other 
influence  over  the  former,  than  through  the  su(/(/eslio)is  which  his  language  and  manner 
convey. 
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in  most  cases  a  perfect  recollection  of  what  has  taken  place,  when  he 
returns  to  his  usual  condition  of  mental  activity,  though  sometimes  the 
recollection  does  not  extend  to  particulars.  All  the  phenomena  of  the 
'  biologized'  state,  when  attentively  examined,  will  be  found  to  consist  in 
the  "occupation  of  the  mind  by  the  ideas  which  have  been  suggested  to  it, 
and  in  the  influence  which  these  ideas  exert  upon  the  actions  of  the  body. 
Thus  the  operator  asserts  that  the  '  subject'  cannot  rise  from  his  chair,  or 
open  his  eyes,  or  continue  to  hold  a  stick;  and  the  'subject'  thereby 
becomes  so  completely  possessed  with  the  fixed  belief  of  the  impossibility 
of  the  act,  that  he  is  incapacitated  from  executing  it,  not  because  his  will 
is  controlled  by  that  of  another,  but  because  his  will  is  in  abeyance,  and 
his  muscles  are  entu-ely  imder  the  guidance  of  the  conviction  which  for 
the  time  possesses  his  mind.  So  again,  when  he  is  made  to  drink  a  glass 
of  water,  and  is  assm-ed  that  it  is  coffee,  or  wine,  or  milk,  that  assurance, 
delivered  in  a  decided  tone,  makes  a  stronger  impression  on  his  mind  than 
that  which  he  receives  through  his  taste,  smell,  or  sight ;  and  not  being 
able  to  judge  and  compare,  he  yields  himself  up  to  the  '  dominant  idea.'* 
Here,  again,  we  perceive  that  it  is  not  really  the  will  of  the  operator 
which  controls  the  sensations  of  the  subject;  but  the  suggestion  of  the 
operator  which  excites  a  corresponding  idea,  the  falsity  of  which  is  not 
corrected,  simply  because  the  mind  of  the  subject,  being  completely 
engrossed  by  it,  cannot  apprehend  the  truth  less  forcibly  impressed  on 
it  through  his  own  senses.  The  same  general  statement  applies  to  what 
has  been  designated  as  '  control  over  the  memory.'  The  subject  is  assured 
that  he  cannot  remember  the  most  familiar  thing,  his  own  name  for 
example ;  and  he  is  prevented  from  doing  so,  not  by  the  will  of  the 
operator,  but  by  the  conviction  of  the  impossibility  of  the  mental  act, 
which  engrosses  his  own  mind,  and  by  the  want  of  that  voluntary  control 
over  the  direction  of  his  thoughts,  which  alone  can  enable  him  to  recal 
the  desiderated  impression.  And  the  abolition  of  the  sense  of  personal 
identity, — Mr.  A.  believing  himself  to  be  Mrs.  B.,  or  Mrs.  0.  beheving 
herself  to  be  Mr,  D.,  and  acting  in  conformity  with  that  belief, — ^is  in- 
duced in  the  same  mode ;  the  assiu-ance  being  continually  repeated,  imtil 
it  has  taken  fidl  possession  of  the  mind  of  the  'subject,'  who  cannot 
so  direct  his  thoughts  as  to  bring  his  famihar  experience  to  antagonize 
and  dispel  the  illusive  idea  thus  forced  upon  him.  The  phenomena 
presented  by  different  ' biologized  subjects' are  by  no  means  the  same; 
for  in  some  individuals  it  is  the  relation  of  the  mind  to  bodily  action 
which  is  most  remarkably  affected,  in  others  it  is  the  relation  of  the 
perceptive  consciousness  to  sensations,  and  in  others  (especially  those  who 
are  naturally  of  an  imaginative  and  excitable  disposition)  it  is  the  course 
of  thought  and  of  emotion  which  is  most  completely  under  external  guid- 
ance.   It  is  frequently  to  be  observed,  moreover,  that  some  capability  of 

_  •  It  is  very  curious  to  observe,  in  some  instances,  the  perplexity  arising  from  the  contra- 
riety between  the  opposing  sensory  impressions.  'J'he  mind  seems  unable  to  reconcile  this 
contrariety,  and  yields  itself  up  to  the  impression  which  is  most  strongly  felt.  Sometimes  it 
is  convinced  by  the  repeated  assurances  of  the  operator,  so  long  as  the  taste  alone  is  opposed 
to  them,  but  attaches  a  superior  importance  to  the  indications  of  sight ;  in  other  individuals 
again,  the  indications  of  sight  may  be  put  aside,  and  j^et  the '  subject '  cannot  be  made  to 
believe  what  is  in  opposition  to  his  sense  of  taste.  There  are  some  individuals  who  can 
never  be  thus  played  upon,  notwithstanding  that  tlieir  muscular  movements  and  tlieir  purolv 
mental  conceptions  are  completely  amenable  to  tliis  kind  of  direction. 
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volitional  effort  still  remains,  so  that  the  '  subject'  endeavours  to  resist 
the  commands  of  the  operator ;  but  this  may  usually  be  subdued  by  the 
emphatic  reiteration  of  the  assm-auce  "  You  must  do  this,"  or  "  You  can- 
not do  that,"  which,  when  it  takes  complete  possession  of  the  mind  of  the 
subject,  reduces  the  will  to  a  state  of  entire  powerlessness.* 

826.  It  is  obvious  that,  if  the  account  here  given  of  the  condition  of 
the  Mind  and  of  the  mode  of  its  operation  on  the  Body,  in  the  states  of 
natural  and  artificial  Reverie  and  Abstraction,  be  coiTect,  all  the  actions 
performed  in  these  states  must  be  regarded  as  essentially  automatic  in 
their  nature;  the  course  of  thought  being  entirely  determined  by  the 
associations  previously  formed,  and  all  the  bodily  movements  being  the 
direct  manifestations  of  the  ideas  which  possess  the  mind  at  the  time, 
just  as  the  ordinary  movements  of  *  expression'  are  of  its  emotions.  And 
it  is,  therefore,  in  these  remarkable  pliases  of  psychical  existence,  that 
we  have  the  cleai'est  manifestation  of  the  power  which  Cerebral  changes 
possess,  to  produce  muscular  movement  independently  either  of  Volition 
or  of  Emotion ;  an  action  which  may  be  distinguished  as  ideo-motor,  since 
it  only  takes  place  when  these  changes  are  of  a  kind  to  awaken  the  idea- 
tional consciousness;  and  which  is  a  true  'reflex'  action  of  the  Cerebrum. 
The  same  designation  may  be  fairly  applied  also,  to  all  those  actions  per- 
formed by  us  in  owe  ordinary  waking  state,  which  are  rather  the  automatic 
expressions  of  the  ideas  which  are  dominant  in  our  minds  at  the  time, 
than  prompted  by  distinct  volitional  effort  (§  817).  Of  this  kind,  the  act 
of  expressing  the  thoughts  in  language,  whether  by  speech  or  wi'iting, 
may  be  considered  as  a  good  example ;  for  the  attention  may  be  so  com- 
pletely given-up  to  the  choice  of  words  and  to  the  composition  of  the 
sentences,  that  the  movements  by  which  these  words  are  uttered  by  the 
voice  or  traced  on  paper  no  more  partake  of  the  truly  volitional  character, 
than  do  those  of  owe  limbs  when  we  walk  through  the  streets  in  a  state  of 
Abstraction.  And  it  is  a  curious  evidence  of  the  influence  of  Ideas, 
rather  than  of  the  agency  of  the  Will,  in  produ,cing  them,  that,  as  oui- 
conceptions  are  a  little  in  advance  of  our  speech  or  writing,  it  occasionally 
happens  that  we  mis-pronounce  or  mis-spell  a  word,  by  introducing  into 
it  a  portion  of  some  other  whose  tm-n  is  shortly  to  come,  its  place  in  the 
sentence  which  is  in  process  of  formation  being  a  little  further  on ;  or  it 
may  be  that  the  whole  of  the  anticipated  word  is  substituted  for  the  one 
which  ought  to  have  been  expressed.  Now  it  is  obvious  that  there  could 
be  neither  any  consciously-formed  intention  of  breaking  the  regulai" 
sequence,  nor  any  volitional  effort  to  do  so;  and  the  result  is  evidently 
due  to  the  superior  vividness  with  which  the  idea  of  the  anticipated  word 
is  present  to  the  mind,  as  compared  with  that  of  the  word  which  the 
coiu'se  of  construction  requires.    It  is  the  dominant  idea,  then,  which 

*  It  is  worthy  of  particular  notice  in  this  connection,  that  this  want,  not  really  of  power 
to  move,  but  of  belief  in  the  possession  of  the  power,  is  a  frequent  characteristic  of  that  state 
of  the  nervous  system  which  is  commonly  designated  as  '  Hysterical;'  and  that  here,  also,  1 1 
most  efficacious  treatment  consists  in  the  encouragement  of  volitional  efforts  on  the  part  ot  i 
patient  to  put  the  paralysed  limbs  in  action,  and  in  the  repetition  of  assurances  that  she  lui 
recover  the  use  of  them,  if  she  only  take  the  appropriate  means.    The  expectation  of  rccove  y 
excited  in  other  ways,  produces  the  same  effect  ;  and  thus  it  has  been  that  many  P^^'"^  ' 
miracles  have  been  wrought  on  this  class  of  patients  by  religious  enthusiasts,  and  t"'^^ 
wonderful  cures  have  been  effected  by  the  supposed  influence  of  Mesmerism.  ^  A  1  t""t 
wanted  is  that  state  of  confident  anticipation,  which  is  commonly  designated  as  Faith. 
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dotermines  the  movement,  the  Will  simply  permitting  it ;  and  the  more 
completely  the  Volitional  power  is  directed  to  other  objects,  the  more 
completely  automatic  are  the  actions  of  this  class.  They  may,  indeed, 
come  to  be  performed  even  without  the  consciousness,  or  at  least  without 
the  remembered  consciousness,  of  the  agent;  as  we  see  in  the  case  of 
those  who  have  the  habit  of  '  thinking  aloud,'  and  who  are  subsequently 
quite  surprised  on  learning  what  they  have  uttered.  The  one-sided  con- 
vei-sation  of  some  persons,  who  are  far  more  attentive  to  their  own  trains 
of  thought,  than  they  are  to  what  may  be  expressed  by  others,  and  who 
are  allowed  to  proceed  with  little  or  no  interruption,  is  often  a  sort  of 
'  thinking  aloud.'  * — All  that  is  here  stated  is  in  perfect  accordance  with 
the  general  principle  already  laid  down  (§  683),  that  in  proportion  as  the 
higher  channels  of  activity  are  obstructed,  will  the  excitation  of  nei-ve- 
force  manifest  itself  through  the  lower.  For,  whilst  the  ordinary  sequence 
is  for  external  impressions  to  excite  sensations,  for  sensations  to  excite 
ideas,  and  for  ideas  (after  becoming  the  subject  of  reasoning  processes  of 
greater  or  less  complexity)  to  issue  in  volitional  determinations,  the  direct 
action  of  ideational  changes  in  the  Cerebrum  on  the  motor  system,  when 
either  the  Will  is  in  abeyance  or  is  entirely  directed  to  mental  operations, 
seems  quite  as  natural  as  the  immediate  reaction  of  sensational  changes 
through  the  Sensory  ganglia,  or  of  impressional  changes  through  the 
Spinal  Cord. 

827.  The  phenomena  of  Somnamhulism  are  no  less  important  in  a 
scientific  point  of  view,  when  they  are  regarded  under  the  same  aspect. 
They  differ  from  those  already  described,  in  that  they  occur  in  a  state  of 
consciousness  so  far  distinct  from  the  ordinary  waking  condition,  as  not  to 
be  connected  with  it  by  the  ordinary  link  of  Memory;  and  although  the 
com-se  of  thought  in  Somnambulism  usually  manifests  the  directing  influ- 
ence of  previous  habits,  and  the  knowledge  of  ]3ersons  and  things  possessed 
during  the  waking  state  may  be  readily  brought  before  the  mind,  yet 
nothing  which  occurs  during  the  state  of  Somnambulism  is  ever  retraced 
spontaneously,  or  can  be  brought  back  by  an  act  of  recollection.  Impres- 
sions upon  the  nei-vous  system,  however,  are  sometimes  left  by  strong  emo- 
tional excitement,  which  give  rise  to  subsequent  feelings  of  discomfort,  of 
whose  origin  the  individual  is  entirely  unconscious,  t  The  phenomena  of 
Somnambulism  are  so  various,  that  it  is  difficult  to  give  any  general  defi- 
nition that  shall  include  the  whole ;  but  it  is  a  condition  which  is  common 
to  all  forms  of  this  state,  that  the  controlling  power  of  the  Will  over  the 
cun-ent  of  thought  is  entirely  suspended,  and  that  all  the  actions  are 
directly  prompted  by  the  ideas  which  possess  the  mind;  and  the  differ- 
ences chiefly  arise  out  of  the  mode  in  which  the  succession  of  ideas  is 
du-ected,  this  being  in  some  cases  a  coherent  sequence  through  the 
whole  of  which  some  one  dominant  imjjression  may  be  traced,  whilst 
in  other  instances  it  is  more  or  less  completely  determinable  by  external 
suggestions. — The  first  of  these  phases,  which  is  nearly  akin  to  the  state 
of  Abstraction,  is  frequently  seen  in  natural  Somnambulism;  in  which  a 
train  of  reasoning  is  often  canied-out  with  remarkable  clearness  and  cor- 

•  This  was  pre-eminently  tlie  case  with  Coleridge,  whose  peculiar  habits  have  been  already 
noticed,  §  817,  wote.  *^ 

+  See  a  very  curious  example  of  this  kind,  which  fell  under  the  Aiithor's  own  observation, 
narrated  in  the  Article  '  Sleep,'  in  the  "  Cyclop,  of  Anat.  and  Phys.,"  vol.  iv.  p.  G.O;}. 
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rectness,  and  its  results  expressed  in  appropriate  language,  or  otherwise 
acted-on.    Thus,  a  mathematician  may  work-out  a  difficult  problem,  an 
orator  make  a  speech  appropriate  to  the  occasion  on  which  he  supposes 
himself  to  be  called-up,  or  an  author  may  compose  and  commit  to  writing 
poetry  or  prose,  upon  the  subject  which  occupies  his  thoughts.    But  it  is 
a  frequent  defect  of  the  intellectual  operations  cai-ried-on  in  this  condition 
that,  through  the  complete  absorption  of  the  attention  by  one  set  of  con- 
siderations, no  account  is  taken  of  others  which  ought  to  modify  the  con- 
clusion;  and  this,  although  it  may  be  palpably  inconsistent  with  the 
teachings  of  ordinaiy  experience,  is  not  felt  to  be  so,  unless  the  latter 
shoidd  happen  to  present  themselves  unbidden  to  the  thoughts. — The 
second  of  the  phases  above  mentioned,  which  is  especially  seen  in  the 
artificial  Somnambulism  induced  by  the  (so-called)  Mesmeric  process,  or 
by  the  fixed  gaze  at  a  near  object  (as  practised  by  Mr.  Braid  under  the 
name  of  Hypnotism),  is  essentially  the  same  as  that  of  the  '  biological' 
condition,  save  in  the  different  relation  which  they  respectively  bear  to 
the  waking  state ;  for  there  is  the  same  readiness  to  receive  new  impi-es- 
sions  through  the  senses  (the  visual  sense,  however,  being  generally  in 
abeyance),  and  the  same  want  of  persistence  in  any  one  train  of  ideas,  the 
direction  of  the  thoughts  being  entirely  determined  by  the  suggestions 
which  are  introduced  from  without.    In  either  of  these  extreme  forms 
of  Somnambulism,  and  in  the  numerous  intermediate  phases  which  con- 
nect the  two,  the  consciousness  seems  entii'ely  given-up  to  the  one  im- 
pression which  is  operating  upon  it  at  the  time ;  so  that  whilst  the  atten- 
tion is  exclusively  directed  upon  any  object,  whether  actually  perceived 
through  the  senses,  or  brought  suggestively  before  the  mind  by  previous 
ideas,  nothing  else  is  felt.    Thus  there  may  be  comj)lete  insensibility  to 
bodily  pain,  the  somnambulist's  whole  attention  being  given  to  what  is 
passing  in  his  mind ;  yet  in  an  instant,  by  directing  the  attention  to  the 
organs  of  sense,  the  anassthesia  may  be  replaced  by  ordinary  sensibility; 
or,  by  the  fixation  of  the  attention  on  any  one  class  of  sensations,  these 
shall  be  perceived  with  most  extraordinary  acuteness,  whilst  there  may  be 
a  state  of  complete  insensibility  as  regards  the  rest.    So,  again,  when  the 
attention  of  the  somnambulist  is  fixed  upon  a  certain  train  of  thought, 
whatever  may  be  spoken  in  harmony  with  this  is  heard  and  appreciated, 
but  what  has  no  relation  to  it,  or  is  in  discordance  with  it,  is  entirely 
disregarded. — It  is  among  the  most  curious  of  the  numerous  facts  which 
Mr.  Braid's  investigations  upon  artificial  Somnambulism  have  brought  to 
light,  that  the  suggestions  derived  from  the  'muscular  sense'  have  a  pecu- 
liar potency  in  determining  the  current  of  thought.   For  if  the  face,  body, 
or  limbs  be  brought  into  an  attitude  that  is  expressive  of  any  particiilai* 
emotion,  or  that  corresponds  with  that  in  which  it  would  be  placed  for  the 
performance  of  any  voluntary  action,  the  corresponding  mental  state,  • 
that  is,  either  an  emotional  condition  affecting  the  general  direction  of  the 
thoughts,  or  the  idea  of  a  particular  action, — is  called-up  in  respondence 
to  it.    Thus,  if  the  hand  be  placed  upon  the  vertex,  the  Somnambulist 
will  frequently,  of  his  own  accord,  di'aw  his  body  up  to  its  fullest  height, 
and  throw  his  head  slightly  back;  his  countenance  then  assumes  an 
expression  of  the  most  lofty  pride,  and  the  whole  tmin  of  thought  is 
obviously  under  the  domination  of  this,  feeling,  as  is  manifested  by  the 
replies  which  the  individual  makes  to  interrogatories,  and  by  the  tone 
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and  manner  in  which  these  are  delivered.  Where  the  first  action  does 
not  of  itself  call  forth  the  rest,  it  is  sufficient  to  straighten  the  legs  and 
spine,  and  to  throw  the  head  somewhat  back,  to  arouse  the  emotion,  with 
its  corresponding  manifestation,  in  its  full  intensity.  If,  during  the  most 
complete  domination  of  this  emotion,  the  head  be  bent  forwai'ds  and  the 
body  and  limbs  be  gently  flexed,  the  most  profound  humility  then  takes 
its  place.  So,  again,  if  the  angles  of  the  mouth  be  gently  separated  from 
one  another,  as  in  laughter,  a  hilarious  disposition  is  immediately  gene- 
rated; and  this  may  be  made  to  give  place  to  moroseness,  by  drawing  the 
eyebrows  towards  each  other  and  downwards  upon  the  nose,  as  in  frown- 
ing.* So,  again,  if  the  hand  be  raised  above  the  head,  and  the  fingers  be 
flexed  upon  the  palm,  the  idea  of  climbing,  swinging,  or  pulling  at  a  rope 
is  caUed-up  in  such  as  have  been  used  to  this  kind  of  exertion ;  if,  on 
the  other  hand,  the  fingers  be  flexed  when  the  arm  is  hanging  down  at 
the  side,  the  idea  suggested  is  that  of  lifting  a  weight;  and  if  the  same 
flexm-e  be  made  when  the  arm  is  advanced  forwards  in  the  position  of 
striking  a  blow,  the  idea  of  fighting  is  at  once  aroused,  and  the  Somnam- 
bulist is  very  apt  to  put  it  into  immediate  execution. t 

828.  The  state  of  Dreaming  presents  us  with  another  series  of  pheno- 
mena, which  fall  under  the  same  general  category  with  the  preceding. 
In  fact,  between  Dreaming  and  Somnambulism  there  is  every  stage  of 
gradation;  for  that  form  of  Somnambulism  in  which  the  actions  are 
expressive  of  ideas  that  arise  spontaneously  within  the  mind,  instead  of 
being  prompted  by  external  suggestions,  may  be  designated  as  an  acted 
dream ;  whilst,  on  the  other  hand,  there  are  states  of  Dreaming,  in  which 
the  bystander  is  able  in  greater  or  less  degree  to  trace  the  current  of 
thought  and  feeling,  by  the  words  occasionally  uttered,  or  by  the  play  of 
the  countenance  of  the  sleeper.  Instances  might  be  cited,  which  it  would 
be  very  difficult  to  assign  to  either  one  of  these  conditions,  so  completely 
do  they  partake  of  the  character  of  both;  as,  for  example,  the  well- 
known  case  of  the  officer  who  amused  his  friends  by  acting  his  dreams 
during  the  expedition  to  Louisbm-gh,  the  course  of  these  dreams  being 
capable  of  direction  by  whispering  into  the  sleeper's  ear,  especially  if  this 
was  done  by  a  friend  with  whose  voice  he  was  familiar.  J  It  is  usually 
considered  to  be  a  distinction  between  Dreaming  and  Somnambulism, 

*  The  Author  has  not  only  repeatedly  witnessed  all  these  effects,  as  produced  by  Mr. 
Braid  upon  '  hypnotized  '  subjects,  of  whom  several  had  never  been  previously  in  that  condi- 
tion, and  liad  no  idea  whatever  of  what  was  expected  from  them ;  but  he  has  been  assured 
by  a  most  intelligent  medical  friend,  who  has  paid  special  attention  to  the  psychological  part 
of  this  inquiry,  that  having  subjected  himself  to  Mr.  Braid's  practice,  and  having  been  only 
partially  thrown  into  the  '  hypnotic  '  state,  he  distinctly  remembers  everything  that  was 
done,  and  can  retrace  the  uncontrollable  effect  upon  his  emotional  state,  which  was  produced 
by  this  management  of  his  muscular  apparatus. 

f  On  one  occasion  on  which  the  Author  witnessed  this  result,  a  violent  blow  was  struck, 
which  chanced  to  alight  upon  a  second  somnambulist  within  reach  ;  Ms  combativeness  being 
thereby  excited,  the  two  closed,  and  began  to  belabour  one  another  with  such  energy,  that 
they  were  with  difficulty  separated.  Although  their  passions  were  at  the  moment  so  strongly 
excited,  that  even  when  separated  they  continued  to  utter  furious  denunciations  against  each 
other,  yet  a  little  discreet  manipulation  of  their  muscles  soon  calmed  them  and  restored  them 
to  perfect  good-humour. 

X  This  case  is  detailed  by  Dr.  Abercrombie  ("  Inquiries  concerning  the  Tntellectual 
Powers,"  .5th  Ed.,  p.  277,)  on  the  authority  of  Dr.  Gregory,  to  whom  it  was  related  by  a 
gentleman  who  witnessed  it.  A  case  of  a  very  similar  nature,  the  sulijcct  of  which  was  a 
Jnedical  student  at  Edinburgh,  is  related  in  Smellic's  "  Philosophy  of  Natural  History." 


832 


OF  THE  FUNCTIONS  OP  THE  NERVOUS  SYSTEM. 


that  the  senses  are  in  complete  abeyance  in  the  former  state,  while  they 
are  more  or  less  capable  of  action  in  the  latter.    But  we  have  seen  that 
the  sensibility  to  external  impressions  may  be  partially  or  even  com- 
l^letely  suspended  in  Somnambulism ;  whilst,  on  the  other  hand,  it  may 
exist  to  a  slight  extent  in  Dreaming,  as  in  the  instance  just  quoted.  And 
it  is  quite  certain  that  even  where  sensations  are  not  recognized  by  the 
mind  as  proceeding  from  external  objects,  they  may  affect  the  course  of 
its  own  thoughts ;  so  that  the  character  of  the  dreams  may  be  in  some 
degree  predetermined  by  such  an  arrangement  of  sensory  imjDressions  as 
is  likely  to  modify  them.    This  is  especially  the  case  in  regard  to  the 
dreamy  state  induced  by  certain  narcotics,  such  as  the  Hachisch  (a  pi'e- 
paration  of  Cannabis  Indica)  employed  for  this  purj)0se  in  the  East;  for 
the  emotional  condition  of  the  individual  undei"  its  influence  is  entirely 
under  the  control  of  external  impressions;  so  that  those  who  give  them- 
selves up  to  the  intoxication  of  the  fantasia,  take  care  to  withdi-aw 
themselves  ffom  everj^hing  which  could  give  their  delirium  a  tendency 
to  melancholy,  or  excite  in  them  anything  else  than  feelings  of  plea- 
sxu-able  enjoyment.* —  The  difference  between  the  state  of  mind  in  ordi- 
nary Dreaming  and  that  which  is  characteristic  of  Somnambulism,  is 
most  remarkable  in  regard  to  the  rapidity  and  incoherence  of  the  trains 
of  thought  in  the  former  state,  as  compared  with  the  slowness  and  steadi- 
ness of  the  mental  action  usually  observed  in  the  latter.    It  is  true  that 
in  ordinary  dreaming  there  is  sometimes  a  remai'kable  degree  of  consis- 
tency in  the  mental  oj)erations ;  for  reasoning  processes  may  be  cairied- 
on  correctly,  and  even  (through  that  freedom  from  distraction  which  is 
consequent  upon  the  suspension  of  external  disturbing  agencies)  with 
remarkable  vigour  and  completeness,  especially  when  they  are  the  conti- 
nuation of  a  train  of  thought  on  which  the  mind  had  been  previously 
engaged  during  the  waking  hours;  and  music,  poetry,  &lq.,  may  be  com- 
posed, which,  if  afterwards  rememlDcred  and  written-down,  is  found  to  be 
in  accordance  with  the  rules  of  taste.    Such,  however,  is  not  the  usual 
character  of  the  state  of  dreaming;  for  more  commonly  there  is  an  entire 
want  of  any  ostensible  coherence  between  the  ideas  which  successively 
present  themselves  to  the  consciousness;  and  we  are  completely  unaware 
of  the  incongTuousness  of  the  combinations  which  are  thus  formed.  It 
has  been  well  remarked  that  "nothing  surprises  us  in  dreams."    All  pro- 
babilities of  'time,  place,  and  circumstance'  are  violated;  the  dead  pass 
before  us  as  if  alive  and  well ;  even  the  sages  of  antiquity  hold  personal 
converse  with  us ;  our  friends  upon  the  antipodes  are  brought  upon  the 
scene,  or  we  ourselves  ai-e  conveyed  thither,  without  the  least  perception 
of  the  intervening  distance ;  and  occurrences,  such  as  in  om-  waking  state 
would  excite  the  strongest  emotions,  may  be  contemplated  without  the 
slightest  feeling  of  a  painful  or  pleasurable  natm-e.    Facts  and  events  long 
since  forgotten  in  the  waking  state,  present  themselves  to  the  mind  of 
the  dreamer;  and  many  instances  have  occurred,  in  which  the  subse- 
quent retention  of  the  knowledge  thus  re-acquired  has  led  to  most  impor- 
tant results,  t    But  one  of  the  most  remarkable  of  all  the  peculiai-ities  in 

•  See  the  Author's  article  '  Sleep,'  in  the  "  Cyclop,  of  Anat.  and  Phys.,"  vol.  iv.  pp.  688- 
G90  ;  and  Moreau  "  Du  Hachisch  et  de  I'Alienation  Mentale,  Etudes  Psj'chologiques,"  p.  6/- 

t  See  a  number  of  such  cases  in  Dr.  Abercombie's  "  Inquiries  concerning  the  Intellectual 
Powers.'' 
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the  state  of  di-eamiug,  is  the  rapidity  with  which  trains  of  thought  pass 
tlu-ongh  the  mind;  for  a  dream  in  which  a  long  scries  of  events  has 
seemed  to  occm-,  and  a  mnltitnde  of  images  has  been  successively  raised- 
iip,  has  been  often  certainly  known  to  have  occupied  only  a  few  minutes, 
or  even  seconds,  although  whole  years  may  seem  to  the  dreamer  to  have 
elapsed.  There  would  not  appear,  in  truth,  to  be  any  limit  to  the  amount 
of  tliought  which  may  thus  pass  through  the  mind  of  the  dreamer,  in  an 
interval  so  brief  as  to  be  scarcely  capable  of  measurement  j  as  is  obvious 
from  the  fact,  that  a  dream  involving  a  long  succession  of  supposed 
events,  has  often  distinctly  originated  in  a  sound  which  has  also  awoke 
the  sleeper,  so  that  the  whole  must  have  passed  during  the  almost  inap- 
preciable period  of  transition  between  the  previous  state  of  sleep  and  the 
full  waking  consciousness.*  Hence  it  has  been  argued  by  some,  that  all 
om-  di-eams  really  take  place  in  the  momentary  passage  between  the 
states  of  sleeping  and  waking;  but  such  an  idea  is  not  consistent  with 
the  fact  already  referred-to,  that  the  course  of  a  dream  may  often  be 
traced,  by  observing  the  successive  changes  of  expression  in  the  counte- 
nance of  the  dreamer.  It  seems,  however,  that  those  dreams  are  naost 
distinctly  remembered  in  the  waking  state,  which  have  passed  through 
the  mind  during  the  transitional  phase  just  alluded-to ;  whilst  those 
wliich  occm*  in  a  state  more  allied  to  Somnambulism,  are  more  com- 
pletely isolated  from  the  ordinary  consciousness. — There  is  a  j)hase  of  the 
dreaming  state,  which  is  worthy  of  notice  as  marking  another  gradation 
between  this  and  the  vigilant  state ;  that,  namely,  in  which  the  dreamer 
has  a  consciousness  that  he  is  dreaming,  being  aware  of  the  unreality  of 
the  images  which  present  themselves  before  his  mind.  He  may  even 
make  a  voluntary  and  successful  effort  to  prolong  them  if  agreeable,  or 
to  dissipate  them  if  unpleasing ;  thus  evincing  the  possession  of  a  certain 
degi'ee  of  that  directing  power,  the  entire  want  of  which  is  the  charac- 
teristic of  the  true  state  of  Dreaming.  • 

829.  Very  nearly  allied  to  the  states  of  Somnambulism  and  Dreaming, 
are  those  oi  Deliriiim  fm(\.  of  J/cMzta,  which  graduate  almost  imperceiat- 
ibly  into  one  another;  being  chiefly  distinguished  by  the  degree  and  kind 
of  excitement  which  tliey  respectively  exhibit,  and  by  the  nature  of  the 
bodily  states  with  which  they  are  connected.  The  loss  of  voluntary  con- 
trol over  the  cm-rent  of  thought  is  the  primary  element  of  both  these 
conditions ;  and  the  gradual  weakening  of  this  may  be  frequently  traced, 
when  the  transition  from  the  normal  state  is  not  so  rapid  as  to  prevent 
its  various  steps  fi'om  being  watched.  The  artificial  delirium  produced 
by  Intoxicating  agents  affords  peculiar  facilities  for  this  kind  of  obser- 
vation; and  among  these  agents,  there  is  none  whose  operation  is  so 
interesting  in  this  respect  as  the  Hachisch,  The  first  effect  of  a  dose  of 
this  substance,  as  described  by  M,  Moreau  (Op.  cit.),  is  commonly  to  pro- 
duce a  moderate  exhilaration  of  the  feelings,  and  an  unusual  activity  of 
the  intellectual  powers ;  but  this  activity  gradually  frees  itself  from  the 

•  The  only  phase  of  the  vviikinfj;  state,  in  which  any  such  intensely  rapid  succession  of 
thoughts  presents  itself,  is  tliat  which  is  now  well  attested  as  a  frequent  occurrence,  under 
circumstances  in  which  there  is  imminent  danger  of  death,  especially  by  drowning  ;  tlie 
whole  previous  life  of  the  individual  seeming  to  be  presented  instantaneously  to  his  view, 
with  its  every  important  incident  vividly  impressed  on  his  consciousness,  just  as  if  all  were 
combined  in  a  picture,  the  whole  of  which  could  be  taken-in  at  a  glance. 

3  H 
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control  of  the  Will.  The  individual  feels  himself  incapable  of  fixing  his 
attention  upon  any  subject;  his  thoughts  being  continually  drawn-off  by 
a  succession  of  ideas  which  force  themselves  (as  it  were)  into  his  mind, 
without  his  being  in- the  least  able  to  trace  their  origin.  These  speedily 
occupy  his  attention,  and  present  themselves  in  strange  combinations,  so 
as  to  produce  the  most  fantastic  and  impossible  creations.  By  a  strong 
effort  of  volition,  however,  the  original  thread  of  the  ideas  may  be  reco- 
vered, and  the  interlopers  di'iven  away.  These  'lucid  intervals'  succes- 
sively become  of  shorter  and  shorter  duration,  and  can  be  less  frequently 
procured  by  a  voluntary  eflFort ;  for  the  internal  tem^Dest  becomes  more 
and  more  violent,  the  toiTent  of  (apparently)  disconnected  ideas  increases  ; 
in  vehemence,  so  as  completely  to  arrest  the  attention,  and  the  mind  is  < 
at  last  entirely  given  up  to  it,  and  at  the  same  time  witlidrawn  from  the  f 
perceptive  consciousness  of  external  things,  although,  as  already  pointed-  ; 
out  (§  828),  it  is  by  no  means  removed  ft-om  the  influence  of  seusoiy 
impressions.  The  succession  of  ideas  has  at  first  less  of  incoherence  than 
in  ordinary  dreaming,  the  ideal  events  not  departing  so  widely  from  pos- 
sible realities;  and  the  disorder  of  the  mind  is  at  first  manifested  in 
errors  of  perception,  in  false  convictions,  or  in  the  predominance  of  one 
or  more  extravagant  notions.  These  false  ideas  are  generally  not  alto- 
gether of  an  imaginai-y  character,  but  are  originally  called  into  existence 
by  external  impressions,  these  being  erroneously  interpreted  through  the 
disordered  action  of  the  perceptive  faculty ;  tluis,  for  example,  among  the 
most  common  perversions  ai-e  those  relating  to  time  and  space,  minutes 
seeming  hoiu'S,  hours  being  prolonged  into  years,  and  all  idea  of  time 
being  at  last  obliterated,  so  that  past  and  present  are  confounded  together 
as  in  ordinary  (h'caming;  whilst  in  like  manner  streets  may  appear  of  an 
interminable  length,  tlie  people  at  the  other  end  seeming  to  be  at  a  vast 
distance ;  the  mind  having  a  tendency  to  exaggerate  every  impression 
made  uijon  the  conscioufiiess,  especially  those  which  affect  the  emotional 
state.  The  effect  of  a  full  dose,  however,  is  at  last  to  produce  the  com- 
plete withdrawal  of  the  mind  from  the  contemplation  of  external  things, 
and  entirely  to  suspend  the  action  of  the  Will  over  the  current  of 
thought ;  and  the  condition  then  comes  to  be  nearly  the  same  as  that  of 
ordinary  Dreaming,  the  chief  difference  consisting  in  the  readiness  with 
which  the  emotions  may  be  excited  in  those  who  are  under  the  influence 
of  the  Hachisch,  and  in  the  degi-ee  in  which  these  are  amenable  to  exter- 
nal influences. — The  following  concise  and  faithful  description  of  the 
ordinary  Delirium  of  disease,  will  show  how  completely  it  corresponds  in 
all  its  essential  characters  with  that  which  is  induced  by  the  introduction 
of  intoxicating  agents  into  the  blood,  "  In  its  highest  degree,  it  is  a 
complete  disturbance  of  the  intellectual  actions;  the  thoughts  are  not 
inactive,  but  rather  far  more  active  than  in  health ;  they  are  uncontrolled 
and  wander  from  one  subject  to  another  with  extraordinaiy  rapidity;  or, 
taking  Tip  one  single  subject,  they  twist  and  turn  it  in  every  Avay  and 
shape,  with  endless  and  innumerable  repetitions.  The  thinking  faculty 
seems  to  have  escaped  from  all  control  and  restraint,  and  thought  after 
thought  is  engendered  without  any  power  of  the  patient  to  direct  and 
regulate  them.  Sometimes  they  succeed  each  other  with  such  velocity, 
that  all  power  of  perception  is  destroyed,  and  the  mind,  Avholly  engi-ossed 
with  this  rapid  development  of  thoughts,  is  unable  to  perceive  impressions 
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made  upon  the  senses;  the  patient  goes  on  unceasingly  raving,  apparently 
unconscious  of  what  is  taking  place  around  him  j  or  it  may  be,  that  his 
senses  have  become  more  acute,  and  that  every  word  from  a  bystander, 
or  every  object  presented  to  his  vision,  will  become  the  nucleus  of  a  new 
train  of  thought;  and,  moreover,  such  may  be  the  exaltation  of  his 
sensual  perception,  that  subjective  phenomena  will  arise  in  connection 
with  each  sense,  and  the  patient  fancies  he  hears  voices  or  other  sounds, 
whilst  ocular  spectra  in  various  forms  and  shapes  appear  before  his  eyes 
and  excite  further  rhapsodies  of  thought."  *  It  must  be  remarked  that 
there  is  usually  a  greater  disorder  of  the  perceptive  faculty  in  Delirium, 
than  in  ordinary  Dreaming;  for  in  the  former  condition,  the  erroneous 
images  are  more  vividly  conceived-of  as  having  an  existence  external  to 
the  mind,  than  they  are  in  the  latter,  the  illusory  visual  and  auditory  per- 
ceptions having  all  the  force  of  reality,  and  being  the  original  sources  of 
ideas,  instead  of  (as  seems  to  be  rather  the  case  in  dreaming)  their 
products,  f 

830.  Those  more  violent  forms  of  Delirium  in  which  there  is  consi- 
derable emotional  distm-bance,  pass  by  almost  imperceptible  gradations 
into  the  state  of  Mania,  which  is  usually  characterized  by  the  combina- 
tion of  complete  derangement  of  the  intellectual  powers,  with  passionate 
excitement  upon  every  point  which  in  the  least  degree  affects  the  feel- 
ings. There  is,  however,  a  considerable  amount  of  variety  in  the  phases 
of  ]Mania,  depending  upon  differences  in  the  relative  degree  of  intellectual 
and  of  emotional  disturbance.  For  there  may  be  such  a  derangement  of 
the  former,  as  gives  rise  to  complete  incoherence  in  the  succession  of 
ideas,  so  that  the  reasoning  power  is  altogether  suspended;  and  yet  there 
may  be  at  the  same  time  an  entire  absence  of  emotional  excitement,  so 
that  the  condition  of  the  mind  is  closely  allied  to  that  of  dreaming  or  of 

*  See  Dr.  Todd's  '  Lumleian  Lectures,  on  the  Pathology  and  Treatment  of  Delirium  and 
Coma,'  in  the  "  Medical  Gazette,"  1850,  vol.  xlv.  p.  703. — A  circumstance  was  mentioned  to 
the  Author,  whilst  he  was  a  student  at  Edinburgh,  which  remarkably  illustrates  the  influence 
of  suggestions  derived  from  external  sources,  in  determining  the  cui-rent  of  thought.  During 
an  epidemic  of  Fever,  which  had  occurred  some  time  previously,  and  in  which  an  active 
delirium  had  been  a  common  symptom,  it  was  observed  that  many  of  the  patients  of  one 
particular  physician  were  possessed  by  a  strong  tendency  to  throw  themselves  out  of  the 
window,  whilst  no  such  tendency  presented  itself  in  unusual  frequency  in  the  practice  of 
others.  The  Author's  informant,  himself  a  distinguished  Professor  in  the  Universitj^, 
explained  this  tendency  by  what  had  occurred  within  his  own  knowledge,  as  follows  : — His 
friend  and  colleague.  Dr.  A.,  was  attending  a  patient,  Mr.  B.,  who  seems  to  have  been  the 
first  to  make  the  attempt  in  question ;  impressed  with  the  necessity  of  taking  due  precau- 
tions. Dr.  A.  then  visited  Dr.  C,  in  whose  liearing  he  gave  directions  to  have  the  windows 
properly  secured,  as  Mr.  B.  had  attempted  to  throw  himself  out.  Now  Dr.  C.  distinctly 
remembers,  that  although  he  had  not  previously  experienced  any  such  desire,  it  came  upon 
him  with  great  urgency  as  soon  as  ever  the  idea  was  thus  suggested  to  him  ;  his  mind  being 
just  in  that  state  of  incipient  delirium,  which  is  marked  by  the  temporary  dominance  of  some 
one  idea,  and  by  the  want  of  voluntary  power  to  withdraw  the  attention  from  it.  And  he 
deemed  it  probable  that,  as  Dr.  A.  went  on  to  Mr.  D.,  Dr.  E.,  &c.,  and  gave  similar  direc- 
tions, a  like  desire  would  be  excited  in  the  minds  of  all  those  who  happened  to  be  in  the 
same  impressible  condition. 

+  In  true  Dreaming,  the  sensational  consciousness  is  entirely  closed  to  the  outward  world  ; 
and  all  the  images  which  we  may  believe  we  see,  or  the  sounds  that  we  fancy  ourselves  to 
hear,  seem  to  result  from  changes  in  the  Sensorium  excited  by  Cerebral  influence  ;  but  in 
pelirium  there  is  an  evidently  disordered  action  of  the  Sensorium  itself,  of  which  spectral 
illusions  and  other  'subjective  sensations'  are  the  manifestation.  This  is  particularly 
obvious  in  that  form  of  Delirium  which  is  known  as  delirium  iremens. 
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mmbling  delirium.    On  the  other  hand,  the  intellectual  powers  may  be  ; 
themselves  but  little  disturbed,  the  trains  of  thought  being  coherent,  and  ; 
the  reasoning  processes  correctly  performed ;  but  there  may  be  such  a  \ 
state  of  general  emotional  excitability,  that  nothing  is  felt  as  it  should  be,  i 
and  the  most  violent  passion  may  be  aroused  and  sustained  by  the  most  ? 
trivial  incidents,  or  by  the  wrong  ideas  which  are  formed  by  the  mind  as  ; 
a  consequence  of  their  misinterpretation  (§  796).     Between  these  two  ? 
opposite  states,  and  that  in  which  the  disturbance  affects  at  the  same  [ 
time  the  intellectual  and  the  emotional  part  of  the  Mental  nature,  there 
is  a  complete  succession  of  transitional  links ;  but,  under  all  phases  of  this 
condition  (these  often  passing  into  each  other  in  the  same  individual),  ; 
there  is  one  constant  element,  namely,  the  deficiency  of  Volitional  control 
over  the  succession  of  ideas.    This  deficiency  appears  to  be  a  primary  j 
element  in  those  forms  which  essentially  consist  in  Intellectual  dis-  ; 
turbance;  whilst  in  those  of  which  Emotional  excitement  is  the  promi-  , 
nent  feature,  it  seems  rather  to  result  from  the  overpowering  mastery  ' 
that  is  exercised  over  the  Will,  by  the  states  of  uncontrollable  j)assion 
which  succeed  each  other  with  little  or  no  interval.    It  seems  probable, 
however,  from  the  phenomena  of  Intoxication  (§  829),  that  the  very  same 
agency  which  is  the  cause  of  the  undue  Emotional  excitability,  also  tends 
to  produce  an  absolute  diminution  in  the  power  of  Vohtional  control. 

831.  From  the  state  of  Mania,  we  naturally  pass  to  those  more  persis- 
tent forms  of  Insanity,  in  which  there  is  some  settled  disorder  in  the 
action  of  the  Mind.  Although  this  may  ai'ise  from  a  perversion  of  any 
part  of  the  psychical  nature,  yet  a  partial  or  complete  deficiency  in  tlie 
Volitional  control  over  the  current  of" thought,  and  consequently  over  the 
actions  which  are  the  expressions  of  it,  seems  to  be  a  characteristic  feature 
of  every  form  of  Insanity ;  and  it  is  this,  which,  in  so  far  as  it  exists, 
ought  to  be  considered  as  rendering  the  individual  irresponsible  for  his 
actions. — It  is  chiefly  (but  not  solely)  in  those  cases  in  which  the  Cere- 
bral power  has  been  weakened  by  a  succession  of  attacks  of  Mania,  Epi- 
lepsy, or  some  other  disorder  which  consists  in  a  perverted  action  of  the 
whole  organ,  that  we  find  the  Intellectual  powers  specially  and  perma- 
nently disordered;  the  succession  of  thought  becoming  incoherent,  and 
the  perception  of  those  relations  of  ideas  on  which  all  reasoning  processes 
depend,  being  more  or  less  completely  obscured.  The  fadure  usually  ' 
shows  itself  first  in  the  power  of  Volitional  direction,  and  especially  in 
the  faculty  of  Recollection ;  in  proportion  as  the  mind  is  unable  to  bring 
the  results  of  past  experience  to  bear  on  its  present  operations,  do  these 
lose  their  connectedness  and  consistency;  and  at  last  all  the  ordinary 
links  of  association  appear  to  be  severed,  and  (as  in  the  most  incoherent 
kinds  of  Dreaming)  the  succession  of  thoughts  cannot  be  accounted- 
for  on  any  known  principles  of  psychical  action.  All  this  may  occm* 
with  or  without  emotional  excitement ;  not  unfrequently  the  latter  occure  i 
in  paroxysms,  which  interrupt  the  otherwise  tranquil  life  of  the  subjects 
of  this  form  of  Insanity ,  and  it  is  not  at  all  incompatible  with  this  con- 
dition, that  there  should  be  a  special  excitability  upon  some  one  pomt, 
which,  owing  to  the  annihilation  of  the  Volitional  controlling  power, 
acquires  a  temporary  predominance  whenever  it  is  called  into  play, 
is  the  general  characteristic,  however,  of  this  form  of  Insanity,  that  tliere 
are  no  settled  delusions;  the  mind  not  being  disposed  to  dwell  long  upon  i 
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any  one  topic,  but  wandering  off  in  a  rambling  manner,  so  as  speedily  to 
lose  all  trace  of  the  starting-point.  Such  patients  are  unable  to  recollect 
what  passed  through  their  thoughts  but  a  few  minutes  previously  j  if  any 
object  of  desire  be  placed  before  them,  which  it  requires  a  consistent 
reasoning  process  to  attain,  they  are  utterly  unable  to  carry  this  through; 
and  the  dh-ection  of  their  desires  is  perpetually  varying,  and  may  be 
readily  altered  by  external  suggestion.  Cases  of  Intellectual  Insanity, 
depending  (as  this  form  of  the  disease  usually  does)  upon  structm-al  dis- 
order of  the  Cerebrum,  are  less  amenable  to  treatment  than  are  those  of 
the  other  forms  presently  to  be  described;  and  their  tendency  is  usually 
towards  complete  fatuity. 

832.  There  may,  however,  be  no  primaiy  disorder  of  the  Intellectual 
faculties;  and  the  Insanity  may  essentially  consist  in  a  tendency  to  dis- 
ordered Emotional  excitement;  which  affects  the  com^se  of  thought,  and 
consequently  of  action,  without  disordering  the  reasoning  processes  in 
any  other  way  than  by  supplying  wrong  materials  to  them.    Now  the 
emotional  disturbance  may  be  either  general  or  sjjecial;  that  is,  there 
may  be  a  derangement  of  feeling  upon  almost  every  subject,  matters  pre- 
viously indifferent  becoming  invested  with  strong  pleasm-able  or  painful 
interest,  things  which  were  previously  repulsive  being  greedily  sought, 
and  those  which  were  previously  the  most  attractive  being  in  like  manner 
repelled ;  or,  on  the  other  hand,  there  may  be  a  peculiar  intensification  of 
some  one  class  of  feelings  or  impulses,  which  thus  acquire  a  settled  domi- 
nation over  the  whole  chai'acter,  and  cause  every  idea  with  which  they 
connect  themselves  to  be  presented  to  the  mind  under  an  erroneous 
aspect.    The  first  of  these  forms,  now  generally  termed  Moral  Insanity, 
may  and  fi-equently  does  exist  without  any  disorder  of  the  Intellectual 
powers,  or  any  delusion  whatever;  it  being. (as  we  shall  presently  see)  a 
result  of  the  generality  of  the  affection  of  the  Emotional  tendencies,  that 
no  one  of  them  maintains  any  constant  hold  upon  the  mind,  one  excite- 
ment being  (as  it  were)  di-iven  out  by  another.   Such  patients  are  among 
those  whose  treatment  requires  the  nicest  care,  but  who  may  be  most 
benefited  by  judicious  influences.    Nothing  else  is  requisite,  than  that 
they  should  exercise  an  adequate  amount  of  self-control;  but  the  best- 
directed  moral  treatment  cannot  enforce  this,  if  the  patient  do  not  him- 
self (or  herself"^)  cooperate.    Much  may  be  effected,  however,  as  in  the 
education  of  children,  by  presenting  adequate  motives  to  self-control;  and 
the  more  frequently  this  is  exerted,  the  more  easy  does  the  exertion 
become.  —  The  more  limited  and  settled  disorder  of  any  one  portion  of 
the  Emotional  nature,  however,  gives  an  entirely  different  aspect  to  the 
chai'acter,  and  produces  an  altogether  dissimilar  effect  upon  the  conduct. 
It  is  the  essential  feature  of  this  state,  that  some  one  particular 
tendency  acquires  a  dominance  over  the  rest;  and  this  may  happen,  it 
woidd  seem,  either  from  an  extraordinaiy  exaggeration  of  the  tendency, 
whereby  it  comes  to  overmaster  even  a  strongly-exercised  Volitional  con- 
trol ;  or,  on  the  other  hand,  from  a  primary  wealcening  of  the  Volitional 
control,  which  leaves  the  predominant  bias  of  the  individual  free  to  exer- 
cise itself    Again,  the  exaggerated  tendency  may  operate  (like  an  ordi- 

*  This  form  of  Insanity  is  particularly  common  among  females  of  naturally  '  quick  temper,' 
who,  by  not  placing  aii  liabitual  restraint  upon  themselves,  gradually  cease  to  retain  any  com- 
mand over  it. 
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nary  Emotion)  either  in  directly  prompting  to  some  kind  of  action 
which  is  the  expression  of  it ;  or  in  modifying  the  conree  of  thought,  l)y 
habitually  presenting  erroneous  notions  upon  the  subjects  to  wliich  the 
disordered  feeling  relates,  as  the  basis  of  Intellectual  operations.  The 
first  of  these  forms  of  Monomania  is  that  which  is  known  as  impulsive 
Insanity ;  and  the  recog-nition  of  its  existence  is  of  peculiar  importance 
in  a  juridical  point  of  view.  For  whilst  the  Law  of  England  only  recog- 
nizes as  irresponsible,  on  the  ground  of  Insanity,  those  who  are  incapable 
of  distingiiishiug  right  from  wrong,  or  of  recognizing  the  consequences  of 
their  acts,  it  is  unquestionable  that  many  criminal  actions  are  committed 
under  the  irresistible  dominance  of  some  insane  impulse,  the  individual 
being  at  the  time  perfectly  aware  of  their  evil  nature  and  of  his  amenable- 
ness  to  punishment.*  Such  an  impulse  may  lead  the  subject  of  it  to  kill, 
to  commit  a  rape,  to  steal,  to  burn,  and  so  on,  and  this  without  the  least 
intention  of  doing  injury  to  another ;  and  many  instances  have  occurred,  in 
which  the  individuals  thus  affected  have  voluntarily  withdrawn  themselves 
from  tlie  circumstances  of  whose  exciting  influence  they  were  conscious, 
and  have  even  begged  to  be  put  under  restraint. — It  is  a  remarkable  fact, 
moreover,  and  one  that  strikingly  confirms  the  view  of  the  nature  of 
Emotional  states  which  has  been  here  advocated,  that  the  insane  impulse 
appeal's  to  be  not  unfrequently  the  expression  of  a  dominant  idea,  with 
which  there  is  no  such  association  of  pleasurable  feeling  as  makes  the 
action  prompted  by  it  an  object  of  desire,  but  which  operates  by  taking 
full  possession  of  the  mind,  and  by  forcing  (so  to  sjDcak)  the  body  into  the 
movements  which  express  it.    The  individual  thus  affected  regards  him- 

*  The  following  very  characteristic  example  of  the  Homicidal  form  of  impulsive  Insanity, 
is  given  in  one  of  the  recent  Reports  of  the  Morningside  (Edinburgh)  Lunatic  Asylum. — 
The  case  was  that  of  a  female,  who  was  not  affected  with  any  disorder  of  her  intellectual 
powers,  and  wlio  laboured  under  no  delusions  or  hallucinations,  but  who  was  tormented  by 
"  a  simple  abstract  desire  to  kill,  or  rather,  for  it  took  a  specific  form,  to  strangle.    She  made 
repeated  attempts  to  effect  her  purpose,  attacking  all  and  sundry,  even  her  own  nieces  and 
other  relatives ;  indeed,  it  seemed  to  be  a  matter  of  indifference  to  her  whom  she  strangled, 
so  that  she  succeeded  in  killing  some  one.    She  recovered,  under  strict  discipline,  so  much 
self-control  as  to  be  permitted  to  work  in  the  washing-house  and  laundry,  but  she  still  con- 
tinued to  assert  that  she  '  must  do  it,'  that  she  was  '  certain  she  would  do  it  some  day,'  that 
she  could  not  help  it,  that '  surely  no  one  had  ever  suffered  as  she  had  done,'— was  not  hers 
'  an  awful  case  ;'  and,  approacliing  any  one,  she  would  gently  bring  her  hand  near  their 
throat,  and  say  mildly  and  persuasively,  '  I  would  just  like  to  do  it.'    She  frequently  ex- 
pressed a  wish  that  all  the  men  and  women  in  the  world  had  only  one  neck,  that  she  might 
strangle  it.    Yet  this  female  had  kind  and  amiable  dispositions,  was  beloved  by  her  fellow- 
patients,  so  much  so  that  one  of  them  insisted  on  sleeping  with  her,  although  she  herself 
declared  that  she  was  afraid  she  would  not  be  able  to  resist  the  impulse  to  get  up  during  the 
night  and  strangle  her.    She  had  been  a  very  pious  woman,  exemplary  in  her  conduct, 
very  fond  of  attending  prayer-meetings,  and  of  visiting  the  sick,  praying  with  them,  and  read-  | 
ing  the  Scriptures,  or  repeating  to  them  the  sermons  she  had  heard.    It  was  the  second  j 
attack  of  insanity.    During  the  former,  she  had  attempted  suicide.    The  disease  was  heredi- 
tary, and  it  may  be  believed  that  she  was  strongly  predisposed  to  morbid  impulses  of  this 
character,  when  it  is  stated  that  her  sister  and  mother  both  committed  suicide.    There  could 
be  no  doubt  as  to  the  sincerity  of  her  morbid  desires.    She  was  brought  to  the  Institution 
under  very  severe  restraint,  and  the  parties  who  brought  her  were  under  great  alarm  upon 
the  restraint  being  removed.    After  its  removal,  she  made  repeated  and  very  determined 
attacks  upon  the  other  patients,  the  attendants,  and  the  officers  of  the  Asylum,  and  was  only 
brouglit  to  exercise  sufficient  self-control  by  a  system  of  rigid  discipline.    This  female  was 
perfectly  aware  that  her  impulses  were  wrong,  and  that  if  she  had  committed  any  act  ot 
violence  under  their  influence,  she  would  have  been  exposed  to  punishment.    She  deplored, 
in  piteous  terms,  the  horrible  propensity  under  which  she  laboured." 
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self  as  the  victim  of  a  necessity  which  he  cannot  resist,  and  may  be  per- 
fectly conscious  (as  when  the  impidse  proceeds  from  a  strong  desire)  that 
what  he  is  doing  will  be  injurious  to  others  or  to  himself.  This  state 
bears  a  close  resemblance  to  that  of  the  'biologized'  subject,  who  is 
ptn-emptorily  told,  "  You  must  do  this,"  and  does  it  accordingly  (§  825)  ; 
and  it  is  one  that  is  particularly  liable  to  be  induced  in  persons  who 
habitually  exercise  but  little  Volitional  control  over  the  direction  of  their 
thoughts,  by  the  influence  of  suggestions  fi-om  without,  and  especially 
by  occurrences  which  fix  themselves  strongly  upon  their  attention.' 
"833.  Now  although  the  existence  of  any  morbidly-exaggerated  im- 
pulse, leading  to  the  commission  of  acts  which  must  be  regarded  as  truly 
Insane,  may  be  fairly  considered  as  constituting  Monomania,  yet  that 
term  is  usually  restricted  to  those  forms  of  Insanity  in  which  there  are 
positive  delusions  or  hallucinations,  that  is  to  say,  fixed  beliefs  which  are 
palpably  inconsistent  with  reality.  These  delusions  are  not  attributable 
to  perversions  of  the  reasoning  process,  but  arise  out  of  the  perverted 
Emotional  state.  This  gives  rise,  in  the  first  place,  to  a  mis-interpretation 
of  actual  occurrences  in  accordance  with  the  prevalent  state  of  the  feelings 
(§  79G);  but  when  the  disorder  has  lasted  some  time,  ideas  which  the 
imagination  at  first  presents  under  a  very  transient  aspect,  are  habitually 
dwelt-upon  in  consequence  of  the  interest  with  which  they  are  invested, 
and  at  last  become  realities  to  the  consciousness  of  the  individual,  simply 
because  he  has  not  brought  them  to  the  test  of  actual  experience.  When 
the  mind  has  once  yielded  itself  up  to  the  dominance  of  these  en'oneoiis 
ideas,  they  can  seldom  be  dispelled  by  any  process  of  reasoning;  for  it 
results  from  the  very  nature  of  the  previous  habits  of  thought,  that  the 
reasoning  powers  are  weakened,  and  that  the  volitional  control,  through 

*  To  this  condition  are  to  be  referred  many  of  the* insane  actions  which  are  commonly  set 
down  to  the  account  of  Imiiation.  This  term  would  be  best  restricted  to  that  state  of  mind, 
in  which  there  is  an  intention  to  imitate  ;  for  what  is  called  '  involuntary  imitation  '  is  merely 
the  expression  of  the  fact,  that  the  consciousness  of  the  performance  of  a  certain  act  by  one 
individual,  gives  rise  to  a  tendency  to  its  performance  by  the  other.  Thus  the  excitement  of 
the  act  of  yawning  by  the  sight  or  the  sound  of  it  in  another,  is  a  simple  phenomenon  of  con- 
sensual movement  proceeding  from  an  exciting  setisation.  And  in  like  manner,  the  commis- 
sion of  suicide  or  homicide,  after  an  occurrence  of  the  same  kind  which  has  previously  fixed 
itself  strongly  upon  the  attention,  is  an  ideo-motor  action,  prompted  by  a  suggesting  idea. 
Thus,  it  is  well  known  that  after  the  suicide  of  Lord  Castlereagh,  a  large  number  of  persons 
destroyed  themselves  in  a  similar  mode.  Within  a  week  after  the  "  Pentonville  Tragedy," 
in  which  a  man  cut  the  throats  of  his  four  children  and  then  his  own,  there  were  two  similar 
occurrences  elsewhere.  After  the  trial  of  Henriette  Cornier  for  child-murder,  which  excited 
a  considerable  amount  of  public  discussion  on  the  question  of  homicidal  insanity,  Esqixirol 
was  consulted  by  numerous  mothers,  who  were  haunted  by  a  propensity  to  destroy  their 
offspring. — The  following  is  a  remarkable  example  of  the  sudden  domination  of  a  morbid 
impulse,  to  which  no  tendency  seems  to  have  been  previously  experienced,  and  which 
appears  to  have  been  altogether  devoid  of  any  emotional  character.  Dr.  Oppenheim  of 
Hamburgh,  having  received  for  dissection  the  body  of  a  man  who  had  committed  suicide  by 
cutting  his  throat,  but  who  had  done  this  in  such  a  manner  that  his  death  did  not  take  place 
until  after  an  interval  of  great  suffering,  jokingly  remarked  to  his  attendant, — "  If  you  have 
any  fancy  to  cut  your  throat,  don't  do  it  in  such  a  bungling  way  as  this  ;  a  little  more  to  the 
left  here,  and  you  will  cut  the  carotid  artery."  The  individual  to  whom  tliis  dangerous 
observation  was  addressed,  was  a  sober,  steady  man,  with  a  family  and  a  comfortable  sub- 
sistence ;  he  had  never  manifested  the  slightest  tendency  to  suicide,  and  had  no  motive  to 
commit  it.  Yet,  strange  to  say,  the  sight  of  the  corpse,  and  the  observation  made  by  Dr.  0. 
suggested  to  his  mind  the  idea  of  self-destruction  ;  and  this  took  such  firm  liold  of  him  tliat 
he  carried  it  into  execution,  fortunately,  however,  without  duly  profiting  by  the  anatomical 
instructions  he  had  received  j  for  he  did  not  cut  the  carotid,  and  recovered. 
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want  of  exercise,  can  no  longer  be  exerted.  And  consequently,  altbough 
a  vigorous  determination  to  get  rid  of  the  ideas  wliicli  are  felt  to  be 
erroneous,  and  to  keep  down  the  emotional  tendency  whose  exaggeration 
is  the  essence  of  the  disorder, — in  other  words,  a  strong  effort  of  self- 
control, — may  be  effective  in  an  early  stage  of  this  condition,*  yet,  when 
the  wrong  habits  of  thought  have  become  settled,  little  can  usually 
be  done  by  way  of  dh-ect  attack  upon  them;  and  the  most  efficacious 
treatment  consists  in  the  encouragement  of  the  general  habit  of  self- 
control,  and  in  the  withdrawal  of  the  mind,  so  far  as  may  be  possible, 
from  the  morbid  state  of  action,  by  presenting  to  it  other  sources  of 
interesting  occupation. 

834.  Returning  now  from  the  consideration  of  these  Pathological  con- 
ditions of  Mind  (as  they  may  be  not  unfairly  designated)  to  the  examina- 
tion of  the  Psychical  constitution  of  Man  in  the  state  of  normal  activity 
of  all  his  faculties,  we  shall  find  that  very  important  data  may  be  drawn 
from  these  soiu'ces,  with  regard  to  the  modus  ojierandi  of  the  Will,  and  the 
manner  in  which  our  conduct  is  determined.  For  we  have  seen  that,  in 
so  far  as  the  directiug  influence  of  the  Will  over  the  current  of  thought 
is  suspended,  the  individual  becomes  a  thinking  automaton,  destitute  of 
the  power  to  withdi-aw  his  attention  from  any  idea  or  feeling  by  which 
his  mind  may  be  possessed,  and  as  irresistibly  impelled,  therefore,  to  act 
in  accordance  with  this,  as  the  lower  animals  are  to  act  in  accordance  with 
their  instincts.    In  so  far,  therefore,  as  this  directing  influence  is  not 

"  See  an  excellent  little  essaj-  by  the  Rev.  J.  Barlow,  on  "  Man's  Power  over  himself  to 
prevent  or  control  Insanity." — It  may  be  well  for  the  Author  to  state,  that  he  was  led, 
several  years  since,  to  the  formation  of  the  view  above  enunciated  with  regard  to  the  emo- 
tional source  of  most  if  not  all  the  delusions  of  the  Insane,  by  the  careful  observation  of  a 
case  in  which  the  gradual  formation  of  such  delusions  could  be  traced,  and  in  which  the 
varying  tenacity  of  their  hold  over  the  belief  (which  sometimes  appeared  disposed  to  get  rid 
of  them)  corresponded  exactly  with  varying  degrees  of  intensity  of  the  dominant  emotion. 
Having  been  led,  by  his  interest  in  this  case,  to  make  particular  inquiries  as  to  the  point  in 
question,  among  those  whose  experience  of  Insanity  has  been  far  more  extensive  than  his 
own,  he  has  obtained  from  them  full  confirmation  of  the  view  above  expressed. — It  is  not 
a  little  interesting,  in  this  connexion,  as  well  as  in  the  additional  relation  which  it  indicates 
between  Insanitj-^  and  the  various  phases  of  Dreaming,  Delirium,  &c.,  that  the  particular 
delusion  seems  often  to  be  suggested  by  accidental  circumstances,  the  mind  being  previously 
under  the  influence  of  the  morbid  tendency  which  gave  the  peculiar  direclion  to  the  thoughts. 
Tims  we  find  it  mentioned  in  the  "  Morningside  Report,"  from  which  we  have  already 
quoted,  that  the  Queen's  public  visit  to  Scotland  seemed  to  give  a  special  direction  to  the 
ideas  of  several  individuals  who  became  insane  at  that  period,  the  attack  of  insanity  being 
itself  in  some  instances  traceable  to  the  excitement  induced  by  that  event.  One  of  the 
patients,  who  was  affected  with  puerperal  mania,  believed  that,  in  consequence  of  her  con- 
finement having  taken  place  on  such  a  remarkable  occasion,  she  must  have  given  birth  to  a 
person  of  royal  or  divine  dignity.  During  the  religious  excitement  which  prevailed  at  the 
time  of  the  '  disruption  '  of  the  Scotch  Church,  an  unusually  large  number  of  patients  were 
admitted  into  the  various  asylums  of  Scotland,  labouring  under  delusions  connected  with 
religion  ;  the  disorder  having  here  also  doubtless  commenced  in  an  exaggeration  of  this  class 
of  feelings,  and  the  erroneous  ie/?e/s  having  been  formed  under  their  influence.  Again,  in 
the  Report  of  the  same  Institution  for  1851,  it  is  stated  that,  as  in  former  instances, "  the 
current  topics  of  the  day  gave  colouring  and  form  to  the  delusions  of  the  disordered  fancj'. 
We  have  thus  had  no  less  than  five  individuals  admitted  during  the  year,  who  believe  them- 
selves the  victims  of  Mesmeric  agency," — a  sort  of '  Mesmeric  mania '  having  been  prevalent 
in  Edinburgh  during  that  period, — "  three  of  the  inmates  talked  much  of  California,  and  of 
the  bags  full  of  gold  which  they  had  obtained  from  the  diggings  ;  and  one  of  them  arrived  at 
the  persuasion  that  his  body  was  transmuted  into  gold." 
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exercised,  the  successiou  of  trains  of  thought  which  occuidj  the  conscious- 
ness (associated,  or  not,  with  feelings  that  give  them  an  emofAve  character) 
nuist  be  considered  as  dependent  on  the  '  reflex  action'  of  the  Cerebrum; 
tlie  natm-e  of  this  action  being  determined,  not  merely  by  the  original 
constitution  of  the  organ,  but  by  the  mode  in  which  it  has  been  subse- 
quently exercised;  its  nutrition  taking  place  in  such  conformity  to  the 
impressions  made  upon  it,  and  to  the  modes  in  which  it  is  habitually 
directed  by  the  Will,  that  it  groios-to  these,  so  that  a  new  organization  thus 
comes  to  be  established,  by  which  habits  of  thought_  are  determined,  such 
as  wovdd  not  have  arisen  from  its  original  constitution.*    The  variety  of 
phases  which  these  different  states  present,  is  chiefly  dependent  upon  the 
following  elements; — (1)  the  relative  degree  in  which  the  Mind  is  in  a 
state  of  recepti^dty  for  external  impressions,  or  is  attending  only  to  what 
passes  within  itself;  (2)  the  degree  in  which  the  coherence  of  the  succes- 
sive states  is  maintained  by  the  continuance  and  right  operation  of  the 
preformed  associations,  so  that  trains  of  thought  are  consistently  carried- 
out,  and  reasoning  processes  con-ectly  performed;  and  (3)  the  degree 
in  which  the  normal  operation  of  the  intellectual  faculties  is  disturbed 
by  emotional  excitement,  either  general,  or  limited  to  one  class  of  feelings. 
The  influence  of  the  first  of  these  elements  is  remarkably  seen  in  the 
contrast  between  natm-al  and  artificial  Eeverie  (§§  824,  825);  also  be- 
tween some  forms  of  natm-al  and  artificial  Somnambulism  (§  827);  and 
not  less  between  different  forms  of  Insanity,  since  in  this  last  condition 
we  find  some  patients  constantly  brooding  over  particular  trains  of 
thought,  and  almost  incapable  of  being  turned  from  the  contemplation  of 
these  by  external  suggestions,  whilst  others  are  no  less  remarkable  for  the 
instability  of  their  mental  states,  and  for  the  readiness  with  which  a  new 
direction  may  be  given  to  the  thoughts  by  sensory  impressions.  The 
influence  of  the  second  element  is  strikingly  manifested  in  the  difference 
between  the  various  phases  of  the  state  of  Dreaming,  and  in  the  contrast 
between  the  incoherence  of  the  commoner  forms  of  this,  and  that  con- 
sistency in  the  trains  of  thought  which  generally  characterizes  the  state 
of  Somnambulism;  but  it  is  yet  more  remarkably  displayed  in  those  forms 
of  Delirium  and  Insanity,  which  are  especially  characterized  by  the  complete 
confusion  of  the  Intellectual  powers,  all  previous  states  of  consciousness 
being  (as  it  were)  jumbled-together,  and  the  order  of  their  recurrence, 
and  the  natm-e  of  the  new  combinations  which  may  arise  out  of  them, 
being  irreducible  to  any  principle  of  orderly  sequence.    The  influence  of 
the  third  element  is  well  seen  in  those  forms  of  artificial  Reverie  and 
Somnambulism,  in  which  the  feelings  as  well  as  the  ideas  admit  of  being 
played-upon  by  external  influences;  for  it  is  easy  to  bring  the  mind  of 
the  subject  under  the  domination  of  any  particular  emotion,  by  taking 
the  appropriate  means  to  excite  it;t  and,  so  long  as  this  may  continue, 

*  See  Dr.  Laj'cock's  Essay'  On  the  Reflex  Function  of  the  Brain,'  in  the  "  Brit,  and  For. 
Med.  Review,"  vol.  xix.  p.  298. — If  it  be  thought  that  in  the  above  expressions,  there  is  too 
much  of  a  Materialistic  character,  tlie  Author  would  beg  to  refer-back  to  the  antecedent  por- 
tions of  this  inquiry,  and  especially  to  804-6,  as  sliowing  to  what  extent  he  regards  the 
orijunization  of  the  Cerebrum  as  determining  its  mode     psychical  aclimiy. 

+  We  have  seen  how  remarkably  the  emotions  may  be  playcd  upon,  in  the  'hypnotic' 
state,  by  muscular  associations  (§  827)  ;  in  the'  biologized  '  state,  it  is  often  sufficient  to  ask 
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the  language  and  actions  most  obviously  display  its  impress.  But  it  is 
in  Insanity  that  we  best  see  the  influence  of  Emotional  states  upon  the 
course  of  thought  and  of  action ;  for  here  we  find  them  supplying  im- 
pulses to  bodily  action,  which  the  weakened  Will  cannot  resist,  although 
the  intellect  distinctly  apprehends  the  evil  consequences  of  such  actions; 
or,  on  the  other  hand,  we  find  them  directing  the  whole  course 
of  mental  activity,  giving  a  wrong  colour  to  all  the  ideas  which  are 
related  to  them,  and  so  fixing  the  attention  upon  the  trains  of  thought 
founded  upon  these,  that  they  come  to  attain  a  complete  domination 
over  the  mind,  and  hence  over  the  conduct,  to  which  they  supply  motives 
of  such  potency  that  the  Will  can  neither  resist  them  nor  withdraw  the 
mind  from  attending  to  them. 

835.  Thus,  then,  we  see  that  in  all  those  states  in  which  the  directing 
power  of  the  Will  over  the  current  of  thought  is  suspended,  the  course  of 
action  is  determined  by  some  dominant  idea,  which  for  the  time  has  full 
possession  of  the  mind,  and  from  which  the  individual  has  no  power  of 
withdrawing  his  consciousness ;  the  motive  'power  of  this  idea  being  such  as 
either  impels  to  action  by  a  feeling  of  internal  necessity  (analogous  to  that 
which  prompts  the  reflex  actions  of  the  Cranio-Spinal  axis),  or  solicits  it  by 
the  anticipation  of  pleasm-e  in  its  result  or  of  jjain  in  abstinence  from  it. 
On  the  other  hand,  the  man  in  full  possession  of  his  psychical  capacity, 
whilst  equally  amenable  with  those  in  the  foregoing  states  to  the  influence 
of  the  motive  power  of  ideas,  differs  from  them  all  in  this  most  important 
particular, — that  he  has  the  jiower  of  refraining  from  action  under  the 
immediate  pressure  of  motives,  and  of  so  far  modifying  their  relative  force 
by  the  mode  in  which  he  contemplates  them,  that  their  original  balance 
may  be  completely  altered;  and  hence  his  ultimate  determination,  Avhilst 
still  governed  by  the  predominance  of  motives,  may  be  entirely  diff'ereut 
from  that  on  which  he  would  have  acted  if  he  had  given  way  to  his  first 
impvilse.  For  just  as  we  may  direct  our  Intellectual  operations  hj  an 
exercise  of  Volition,  so  as  to  fix  upon  certain  ideas  only,  out  of  the  many 
which  present  themselves  to  om'  consciousness,  and  to  limit  oiu-  attention  to 
certain  peculiai*  aspects  of  these  (§  823),  so  may  we  fix  our  attention  upon 
any  one  or  more  among  the  motives  which  tend  to  determine  owy  action, 
and  keep  these  (as  it  were)  in  a  strong  light  before  the  mind's  eye,  whilst 
by  withdi-awing  our  attention  from  others  we  virtually  throw  them  into  the 
background,  just  as  we  can  do  with  regard  to  objects  of  sensation.  And 
further,  by  calling  the  Reasoning  powers  into  operation,  and  bringing  them 
to  bear  upon  the  questions  at  issue,  so  as  to  follow  out  each  of  the  modes 
of  action  that  are  before  the  mind  to  its  probable  consequences,  the  Will 
indirectly  brings  a  set  of  new  motives,  arising  out  of  these  consequences, 
before  the  judgment;  and  these,  at  first  overlooked,  may  become  impor- 
tant elements  in  the  decision.  On  the  other  hand,  it  may  be  that  in  thus 
reasoning-out  the  probable  consequences  of  an  action,  motives  which  at 
first  presented  themselves  in  great  strength,  lose  more  or  less  of  then- 
force,  and  even  become  altogether  futile. — It  is  in  these  modes  that 
'  second  thoughts'  generally  prove  to  be  best,  save  Avhere  selfish  conside- 
rations are  brought  to  take  the  place  of  primary  generous  impxilsos; 

the  '  subject '— "  Why  are  you  so  angry,"  "  Why  are  you  so  sad,"  cS:c.,— to  induce  these  con- 
ditions respectively,  the  suggestions  being  liere  conveyed  verbally,  instead  of  through  tne 
muscular  sense. 
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whilst  a  hasty  determination  often  leads  to  wi-ong  action,  because  all  the 
motives  that  should  be  taken  into  account  have  not  been  duly  weighed.* 
83 G.  Now  if  we  examine  into  the  diflerent  kinds  of  Motive  Powers, 
which,  under  the  permission  or  the  intentional  direction  of  the  Will,  are 
the  sources  of  Human  action,  we  shall  find  that  they  may  be  ranged 
under  the  following  heads  :— (1)  Previously-acquired  Habits,  which  auto- 
matically incite  us  to  do  as  we  have  been  previously  accustomed  to  do 
under  the  like  circumstances,  without  the  idea  of  prospective  pleasm-e  or 
pain,  or  of  right  or  wrong,  being  at  all  present  to  oui'  minds.  The 
formation  of  Habits,  both  of  thought  and  action,  seems  referable  to  the 
psychical  princii)le  of  Contiguous  Association  (§  807)  and  to  the  physio- 
logical principle  of  Nutritive  Assimilation  (§  591),  which,  in  regard  to 
the  operations  of  the  Cerebram,  seem  to  be  only  different  expressions  of 
the  same  fact;  namely,  that  whatever  mode  of  activity  has  been  once 
strongly  impressed  on  the  organ,  this  has  a  tendency  to  perpetuate  itself. 
In  so  far  as  the  Will  yields  to  this  tendency,  instead  of  controlling  it,  the 
individual  becomes  the  slave  of  routine;  and  this  condition  is  often  very 
remarkably  presented  by  persons  who  are  deficient  in  Volitional  power, 
as  it  is  also  among  the  lower  animals,  fi^om  whose  actions  we  may  derive 
our  best  illustrations  of  what  Habit  will  do,  when  it  is  not  under  the 
du-ection  of  any  higher  principle,  t    The  tendency  to  habitual  action  is  so 

*  It  has  been  held  by  some,  that  when  a  man  is  struggling  with  a  temptation,  and  the 
motives  to  good  and  the  motives  to  evil  are  nearly  in  equilibrium,  like  weights  in  the  two 
scales  of  the  balance,  the  Will  acts  as  an  independent  preponderating  power,  like  a  hand  push- 
ing-do\vn  the  scale-beam  on  one  side.  It  appears  to  the  Author,  however,  to  be  much  more 
conformable  to  the  results  of  a  careful  examination  of  our  own  conduct,  to  regard  the  Will  as 
imparting  an  augmented  gravity  (as  it  were)  to  the  weights  on  one  side,  by  directing  atten- 
tion to  their  value,  and  by  indirectly  making  additions  to  them,  in  the  manner  stated  above  ; 
whilst  it  diminishes  the  force  of  those  on  the  other  side,,by  preventing  the  mind  from  giving 
its  attention  to  them,  and  also  (it  may  be)  by  virtually  abstracting  some  of  them  from  the 
scale. 

■f-  It  is  not  uncommon  to  meet  with  Idiots,  in  whom  the  tendency  to  the  automatic  recur- 
rence of  modes  of  action  once  impressed  on  the  consciousness  is  extremely  remarkable.  The 
following  is  stated  by  Miss  Martineau  in  regard  to  a  youth  under  her  own  observation,  who, 
in  consequence  of  early  injury  to  the  brain,  never  acquired  the  power  of  speech,  or  of  under- 
standing the  language  of  others,  or  of  in  any  way  recognizing  other  minds;  but  was  at  the 
same  time  strongly  affected  by  sensory  impressions.  "  He  could  endure  nothing  out  of  its 
position  in  space  or  its  order  in  time.  If  any  new  thing  was  done  to  him  at  any  minute  of  tlie 
day,  the  same  thing  miist  be  done  at  tlte  same  minute  every  day  thenceforward.''''  Thus,  although 
he  disliked  personal  interference,  his  hair  and  nails  having  been  one  day  cut  at  ten  minutes 
past  eleven,  the  next  day,  and  every  day  after,  at  ten  minutes  past  eleven,  he  "  as  if  by  a 
fate,"  brought  comb,  scissors,  and  towel ;  and  it  was  necessary  to  cut  a  snip  of  hair  before 
he  would  release  himself.  Yet  he  had  no  knowledge  whatever  of  the  measurement  of  time 
by  clocks  and  watches,  and  was  no  less  minutely  punctual  in  his  observances  when  placed 
beyond  the  reacli  of  these  aids.  So  in  regard  to  form,  number,  and  quantity,  his  actions 
were  equally  methodical.  He  occupied  himself  much  in  making  paper-cuttings,  which  were 
remarkable  for  their  symmetry.  If,  when  he  was  out  of  the  room,  a  brick  were  taken  from 
the  heap  with  which  he  amused  himself,  he  would  pass  his  hand  over  them,  spread  them  a 
little,  and  then  lament  and  wander  about  till  the  missing  one  was  restored.  If  seven  com- 
fits had  once  been  put  into  his  hand,  he  would  not  rest  with  six  ;  and  if  nine  were  given,  he 
would  not  touch  any  until  he  had  returned  two.  ("  Letters  on  the  Laws  of  Man's  Nature 
and  Development,"  p.  71.) — It  would  be  easy  to  adduce  multitudes  of  analogous  instances 
from  the  actions  of  animals,  especially  such  as  are  purposely  traincd-to  particular  liabits,  by 
Uiking  advantage  of  the  principle  of  *  contiguous  association,'  which  seems  to  be  peculiarly 
strong  in  Dogs,  Horses,  &c.  And  the  recurrence  of  particular  actions  at  particular  intervals 
of  time,  without  any  means  of  consciously  estimating  its  passivge,  or  any  incidents  that  can 
.  suggest  the  return  of  the  period,  is  a  very  curious  indication  of  the  degree  in  which  organic 
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universally  recognized  as  an  important  part  of  our  psychical  nature,  tliat 
Man  has  been  said  to  be  '  a  bundle  of  habits.'  Where  the  habits  have 
been  judiciously  formed  in  the  first  instance,  the  tendency  is  an  extremely 
useful  one,  prompting  us  to  do  that  spontaneously,  which  might  otherwise 
require  a  powerful  eftbrt  of  the  Will  :*  but,  on  the  other  hand,  if  a  bad 
set  of  habits  have  grown-np  with  the  growth  of  the  individual,  or  if  a 
single  bad  tendency  be  allowed  to  become  an  habitual  spring  of  action,  a 
far  stronger  elfort  of  Volition  will  be  required  to  determine  tlie  conduct  in 
opposition  to  them.  This  is  especially  the  case,  when  the  habitual  idea 
possesses  an  Emotional  character,  and  becomes  the  source  of  desires;,  for. 
the  more  frequently  these  are  jaelded-to,  the  more  powerful  is  the  solici- 
tation they  exert. — (2).  Emotioned  /States,  which  incite  us  to  particular 
actions,  either  by  the  expectation  of  gratification  in  the  act  itself  or  in 
some  consequence  which  our  reason  leads  us  to  anticipate  from  it,  or  by 
the  expectation  of  pain  if  the  act  be  not  performed.  All  those  desires  and 
aversions  which  have  so  large  a  share  in  determining  our  conduct,  come 
mider  this  category ;  and  to  it  must  likewise  be  referred  all  those  conside- 
rations Avhich  are  simply  prudential,  these  usually  having  reference  to  the 
remoter  effects  which  oin-  actions  arc  likely  to  have  upon  om'  own  welfai'e 
or  upon  that  of  others,  and  thus  bringing  before  the  mind,  as  elements  in 
its  determination,  certain  additional  objects  of  desire  or  aversion. — (3). 
Notions  of  Right  and  of  Dxdij,  which,  so  far  as  they  attach  themselves  to 
our  actions,  give  them  a  moral  and  religious  character.  These  may  act 
simply  as  ideas,  whose  coercive  jDOwer  depends  uj)on  the  intensity  with 
whicli  they  are  brought  before  the  mind;  but  they  obtain  a  much 
stronger  influence,  when  they  acquire  an  Emotional  character  from  the 
association  of  the  feeling  of  desire  with  the  idea  of  obligation;  that  is, 
when  we  feel  a  tvish  to  do  that  which  we  are  conscious  we  ought  to  do. 
This  association  is  one,  which  it  is  peculiarly  within  the  capability  of  the 
Will  to  cherish  and  strengthen.  And  still  more  powerful  is  the  operation 
of  these  combined  motives,  when  a  constant  habit  of  acting  ujDon  them 
has  been  formed ;  for  the  strongest  desires  are  then  immediately  repressed, 
the  strongest  aversions  cease  to  exert  an  influence,  when  once  the  question 
is  looked-at  in  its  moral  aspect,  and  a  clear  perception  has  been  attained 
of  its  right  and  its  wrong  side.t 

changes  in  the  Nervous  System,  once  determined  by  a  certain  number  of  repetitions,  tend  to 
perpetuate  themselves.  Thus  a  dog  that  has  been  accustomed  to  receive  food  at  a  certain 
hour  and  place  every  day,  will  come  in  search  of  it  with  extraordinary  punctuality  ;  and  the 
horse  of  a  commercial  traveller,  after  going  the  same  journey  a  few  times,  will  stop  at  the 
houses  of  all  his  master's  customers  ;  and  when  he  has  been  pulled-up  at  a  new  point  on  one 
journey,  will  spontaneously  stop  at  the  same  point  on  the  next, — a  fact  of  which  the  Author 
has  personal  knowledge. 

•  This  is  especially  the  case  with  regard  to  habits  of  Intellectual  exertion,  which  are  in 
themselves  peculiarly  free  from  any  emotional  complication.  The  Author  can  speak  from 
long  and  varied  experience,  of  the  immense  saving  of  exertion  which  arises  from  the  forma- 
tion of  methodical  habits  of  mental  labour  ;  whicii  cause  the  ordinary  routine  to  be  performed 
with  a  far  less  amount  of  fatigue,  than  would  be  required  on  a  more  desultory  system.  Even 
here,  however,  care  should  be  taken  to  avoid  allowing  one's-self  to  be  so  much  the  slave  of 
habits,  that  all  mental  labour,  save  that  which  is  undertaken  at  a  particular  time,  or  in  a 
particular  place,  becomes  difficidt  and  wearisome. 

f  The  ditferoncc  between  the  huhitual,  the  priidc?itial,  and  the  moml  aspects  of  the  very 
same  action,  may  be  made  app.irent  by  a  very  simple  illustration. — We  will  suppose  that  a 
man  has  been  accustomed  to  take  a  ride  every  day  at  a  particidiu-  hour  ;  his  whole  nature  so 
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837.  It  has  been  usually  considered  by  Moralists  and  Theologians, 
that  Conscience,  or  the  Sense  of  Duty,  is  an  autocratic  faculty,  whicli 
unmistakably  dictates  what  is  right  in  each  individual  case,  and  which 
should  consequently  be  unhesitatingly  obeyed  as  the  supreme  and  uner- 
ring guide.  Now  this  view  of  the  case  is  attended  with  practical  difficul- 
ties^ which  make  it  sui'prising  that  it  can  ever  have  been  entertained. 
For  it  must  be  obvious  to  every  one  who  carefully  considers  the  matter, 
that  whilst  a  notion  of  right  and  wrong,  attaching  itself  to  certain  actions, 
is  as  much  a  part  of  the  moral  nature  of  every  individual,  as  the  feel- 
ing of  plecLsure  or  pain  attaching  itself  to  certain  states  of  consciousness 
is°ofhis  sensational  nature,  yet  the  determination  of  what  is  right  and 
tvhat  is  wi'ong  is  a  matter  in  great  degree  dependent  upon  education, 
habits  of  thought,  conventional  associations,  &c. ;  so  that  the  moral 
standard  of  no  two  men  shall  be  precisely  alike,  and  the  moral  standards 
of  men  brought  up  under  entirely  different  circumstances  shall  be  of  the 
most  opposite  nature.*  So,  whilst  the  notion  of  a  God  sustaining  any 
direct  relation  to  us,  involves  the  notion  of  Datij,  which  attaches  itself  to 
all  actions  with  which  he  can  be  considered  as  having  any  concern,  the 
dictates  of  this  sense  will  vary  with  the  ideas  entertained  respecting  the 
character  and  requirements  of  the  Deity;  and  actions  may  be  sincerely 
regarded  as  an  acceptable  sacrifice  by  one  class  of  religionists,  which  are 
loathed  as  barbaimis  and  detestable  by  another.  Moreover,  in  what  have 
been  designated  as  "  cases  of  conscience,"  the  most  enlightened  Moralist 
may  have  a  difficulty  in  deciding  what  is  the  right  course  of  action^ 
simply  because  the  moral  sense  finds  so  much  to  approve  on  both  sides, 
that  it  cannot  assign  a  preponderance  to  either.  And  the  same  difficulty 
attends  the  determination  of  Duty,  in  many  peculiar  contingencies ;  each 
of  two  or  more  possible  modes  of  action  being  recommended  by  its  con- 
formity to  the  divine  law  on  certain  points,  whilst  it  seems  opposed  to  it 
on  others.    Thus,  individuals  in  whose  characters  the  love  of  truth  and 

accommodates  itself  to  the  habit,  that  he  feels  both  mentally  and  physically  uncomfortable  at 
any  interruption  to  the  usual  rhythm.  But  suppose  that,  just  as  the  appointed  hour  comes 
round,  the  sky  becomes  overcast,  threatening  the  rider  with  a  drenching  if  he  perseveres  in 
his  intention  ;  his  decision  will  then  be  founded  on  a  prudential  consideration  of  the  relative 
probabilities  of  his  escaping  or  of  his  being  exposed  to  the  shower,  and  of  how  far  the  en- 
joyment he  may  derive  from  his  ride  is  likely  to  be  replaced  by  the  discomfort  .of  a  tliorough 
wetting.  But  suppose,  further,  that  instead  of  taking  a  mere  pleasure-ride,  a  medical  man  is 
about  to  set  forth  on  a  professional  visit  to  a  patient  whose  condition  requires  his  aid  ;  a  new 
motive  is  thus  introduced,  which  alters  the  condition  of  the  whole  question,  making  it  no 
longer  one  of  prudence  only,  but  one  of  morality.  Another  motive  which  should  give  the 
question  a  moriil  aspect,  would  be  consideration  for  himself,  and  the  risk  of  life  or  health  he 
might  run  ;  this  should  be  decisive  where  the  motive  wliich  impels  him  to  the  act  in  ques- 
tion is  merely  that  of  self-gratification ;  but  if  it  bring  into  antagonism  his  duty  to  his 
patient  and  his  desire  to  benefit  him,  and  on  the  other  hand  his  duty  to  himself  and  his 
regard  for  the  ulterior  welfare  of  those  who  may  be  immediately  dependent  upon  him,  the 
question  has  its  right  and  its  wrong  aspect  on  both  sides,  and  the  right  may  only  be  deter- 
mined after  a  careful  balance  of  probabilities.  Such  moral  conflicts  are  continually  occur- 
ring amongst  medical  practitioners  in  regard  to  exposure  to  the  severity  of  the  weather,  to 
dangerous  infection,  or  to  risks  of  other  kinds  ;  and  the  decision  will  mainly  depend  upon 
the  previously  formed  habits,  on  the  one  hand  of  disregarding  all  considerations  connected 
with  self,  on  the  other  of  attaching  special  weight  to  them. 

•  Without  having  recourse  to  the  strange  estimates  of  right  and  wrong  which  prevail 
amongst  Savage  nations,  for  an  illustration  of  this  position,  it  may  be  sufficient  to  compare  the 
different  views  conseientioudy  entertained  on  the  question  of  Slavery,  by  high-minded,  estima- 
ble, and  Christian  men  and  women  in  different  parts  of  the  American  Union. 


846 


OF  THE  FUNCTIONS  OP  THE  NERVOUS  SYSTEM. 


justice  and  the  benevolent  affections  are  the  prominent  featui-es,  and 
who  would  shrink  with  horror  from  any  violation  of  these  principles  of 
action  for  any  selfish  purpose  whatever,  are  sorely  perplexed  when  tliey 
are  brought  into  collision  with  each  other;  a  strong  motive  to  tell  a 
falsehood  being  presented  by  the  desire  to  protect  a  defenceless  fellow- 
creature  from  unmerited  oppression  or  death.''* — If,  then,  neither  the 
Moral  Sense  nor  the  Sense  of  Religious  Duty  affords  a  clear  and  unvaiy- 
ing  rule  of  action  in  each  individual  case,  it  is  evident  that  the  determi- 
nation of  what  is  right  and  wrong  must  be  a  matter  oi  judgment;  the 
rule  of  Moral  action  being  based  on  a  comparison  of  the  relative  nobihty 
of  the  motives  which  impel  us  to  either  course,  and  being  decided  by  the 
preference  which  is  accorded  to  one  motive  or  combination  of  motives 
above  another. t  If  it  be  asked,  how  ai-e  the  relative  values  of  these 
motives  to  be  decided,  the  answer  must  be  sought  in  the  general  con- 
sciousness of  Mankind,  which  is  found  to  be  more  and  more  accordant 
in  this  respect,  the  more  faithfully  it  is  interpreted,  the  more  habitually 
it  is  acted-on,  and  the  more  the  whole  intelligence  is  expanded  and 
enlightened.  It  is  this  tendency  towards  rmiversal  agxeement,  which 
shows  that  there  is  really  as  good  a  foundation  for  Moral  science  in  the 

*  Thus  if  a  man,  who  might  be  urged  to  conceal  a  fugitive  slave  near  the  Canadian  fron- 
tier, were  to  refuse  to  do  so  merelj'  on  the  fear  of  unpleasant  consequences  to  himself,  he  would 
be  justly  branded  with  tlie  cliaracter  of  a  cold-hearted  coward ;  but  if  his  refusal  should 
proceed  from  the  conviction  that  the  divine  law  requires  the  preference  of  rigid  trutlifiilness 
over  every  other  motive,  and  that,  by  concealing  the  suppliant  he  should  be  forced  into  a 
violation  of  that  law,  he  cannot  be  blamed  even  by  those  who  believe  that  the  law  of  com- 
passion written  upon  our  hearts  is  at  least  equally  imperative. — Similar  difficulties  beset  the 
upholders  of  the  non-resistance  creed,  which  teaches  that  love  is  the  all-powerful  principle  in 
the  moral  world,  and  that  it  should  entirely  supersede  all  those  impulses  of  our  nature  which 
lead  us  to  oppose  force  to  force,  and  to  resist  an  unjust  and  unprovoked  assault.  Here, 
again,  we  might  readily  understand  and  sympathize  with  those  who  consider  that  the  fear 
of  personal  sulfering  does  not  warrant  our  doing  a  severe  injury  to  another  in  warding-oflF  a 
threatened  attack  ;  but  when  the  question  comes  to  be,  not  of  se^Z-defence,  but  of  protection 
to  others  who  are  helpless  dependents  upon  our  succour,  and  who  are  bound  to  us  by  the 
closest  ties  of  natural  alTection,  we  feel  that  the  comparative  nobility  of  the  latter  motive 
warrants  actions  which  our  individual  peril  might  scarcely  justify. 

+  This  view  of  the  nature  of  Conscience  will  be  found  more  fully  developed  in  the  "  Pro- 
spective Review"  for  November  1845,  pp.  587-9. — "Every  moral  judgment,"  it  is  well 
remarked  by  the  reviewer,  "  is  relative  ;  and  involves  a  comparison  of  (at  least)  two  terms. 
When  we  praise  what  has  been  done,  it  is  with  the  coexistent  conception  of  something  else 
that  might  have  beeti  done  ;  and  when  we  resolve  on  a  course  as  right,  it  is  to  the  exclusion 
of  some  other  that  is  wrong.''''  This  is  why  we  cannot  attach  any  moral  character  to  the 
actions  of  animals  that  are  performed  under  the  direction  of  a  blind  undesigning  instinct, 
leaving  them  no  choice  between  one  course  and  another ;  nor  to  those  which  are  executed 
by  human  beings,  even  when  possessed  of  their  full  intelligence,  under  the  domination  of 
impulses  which  they  have  it  not  in  their  power  to  restrain  ;  nor,  again,  to  those  performed 
by  individuals  whose  moral  sense  has  either  never  been  awakened,  or  has  been  so  completely 
misdirected  by  early  education,  that  their  standard  of  right  and  wrong  is  altogether  opposite 
to  that  which  the  enlightened  conscience  of  mankind  agrees  in  adopting.  But,  although 
there  are  doubtless  many  gases  in  which  criminal  actions  are  committed  under  the  impulse 
of  passions  (such  as  anger,  lust,  &c.)  which  the  individual  has  not  at  the  moment  the  power 
to  ■  control,  and  although  he  must  be  absolved  from  moral  responsibility  quoad  the  immediate 
motives  of  those  particular  actions,  yet  these  motives  too  frequently  derive  all  their  force 
from  the  habit  of  yielding  to  their  promptings  in  lesser  matters,  which  gradually  gives  them 
a  dominance,  such  as  the  Will  (weakened  by  want  of  exercise  in  the  habit  of  self-restramt)  is 
unable  to  resist.  Hence  the  criminal  action  is  to  be  regarded  as  but  the  expression  of  a  long 
previous  course  of  criminal  thought,  for  which,  in  so  far  he  could  have  otherwise  directed  it, 
the  individuEil  may  legitimately  be  held  responsible. 
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psychiccol  nature  of  Man,  as  there  is  for  that  of  M^isic  in  the  pleasure 
wliich  he  derives  from  certain  combinations  and  successions  of  sotmds. 
So,  ag-ain,  the  more  elevated  are  the  religious  ideas  of  Mankind  in  regard 
to  the  character  and  will  of  the  Deity,  the  more  will  they  approach  to  a 
general  accordance  in  regai'd  to  what  constitutes  Religious  Duty;  and 
the  complete  coincidence  which  exists  between  the  dictates  of  the  Chris- 
tian law  and  the  highest  principles  of  pure  Morality,  prevents  one  set  of 
motives  from  ever  coming  into  antagonism  with  the  other.  The  Coju 
science  of  the  religious  man,  indeed,  may  be  said  to  be  the  resultant  of  his 
Moral  sense,  combined  with  the  idea  of  Duty  which  arises  out  of  his 
sense  of  relation  to  the  Deity.  With  the  former  are  closely  associated 
all  those  emotions  and  propensities,  which  render  him  considerate  of  the 
welfai-e  of  his  fellow-men,  as  of  his  own ;  and  with  the  notion  of  duty  to 
God  are  closely  united  the  desire  of  His  favom-,  the  fear  of  His  displea- 
6in-e,  the  aspiration  after  His  perfection,  all  which  act  like  other  motives 
in  deciding  the  Will.  Their  relative  force  on  any  occasion,  as  compared 
with  that  of  the  lower  propensities  and  sensual  desires,  greatly  depends  on 
the  degree  in  which  they  are  habitually  brought  to  influence  the  mind  j 
and  it  is  in  its  power  of  fixing  the  contemplation  on  those  higher  consi- 
derations which  ought  to  be  paramount  to  all  others,  and  of  withdrawing 
it  from  the  lower,  that  the  Will  has  the  chief  influence  in  the  direction  of 
the  conduct  according  to  the  dictates  of  Virtue. 

838.  From  the  general  survey  which  we  have  now  taken  of  the  pheno- 
mena of  Mind,  it  seems  to  be  the  obvious  conclusion  that  these  phenomena 
essentially  consist  in  a  succession  of  states  of  consciousness ;  and  that  this 
succession  takes  place,  like  the  phenomena  of  the  Material  Universe, 
under  certain  determinate  conditions.    We  have  seen  that,  in  those 
actions  of  the  Nervous  system  (as  of  other  parts  of  the  body)  in  which 
the  Will  is  not  concerned,  we  have  simply.  to_  consider  the  two  elements 
of  which  we  take  account  in  aU  scientific  inquiry ;  namely,  the  force  that 
operates,  and  the  organized  structm-e  on  and  through  which  it  operates, 
— in  other  words,  the  dynamical  agency,  and  the  material  conditions. 
And  if  we  could  imagine  a  being  to  grow  up  from  infancy  to  maturity, 
with  a  mind  in  the  state  of  that  of  a  'biologized'  subject  (§  825),  we 
should  see  that  it  would  be  strictly  correct  to  speak  of  his  character  as 
formed /or  him  and  not  hy  him;  all  his  thoughts,  feelings,  and  actions 
being  but  the  reflex  of  his  own  nature  upon  the  impressions  made  upon 
it;  and  that  nature  being  determined  in  part  by  original  constitution, 
and  in  part  by  the  mode  in  which  it  is  habitually  called  into  action. — 
This  last  condition  is  one  that  is  pecuhar  to  a  living  and  growing  organ- 
ism ;  and  it  is  one  which  cannot  be  too  strongly  or  too  constantly  kept 
in  mind.    A  mere  inorganic  substance  reacts  in  precisely  the  same  mode 
to  mechanical,  chemical,  electrical,  or  other  agencies,  however  frequently 
these  are  brought  to  bear  upon  it,  provided  it  has  been  restored  to  its 
original  condition ;  thus  water  may  be  turned  into  steam,  the  steam  con- 
densed into  water,  and  the  water  raised  into  steam  again,  any  number  of 
times,  without  the  slightest  variation  in  the  effects  of  the  heat  and  cold 
which  are  the  efficient  causes  of  the  change.    But  every  kind  of  activity 
peculiar  to  a  living  body,  involves  (as  has  been  repeatedly  shown)  a 
change  of  structure;  and  the  formation  of  the  newly-generated  tissue 
receives  such  an  influence  from  the  conditions  under  which  it  originates, 
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that  all  its  subsequent  activity  displays  their  impress. — This  view,  indeed, 
must  be  extended  to  that  remarkable  hereditary  U-ansmission  of  psychical 
character,  which  presents  itself  under  circumstances  that  entirely  forbid 
our  attributing  it  to  any  agency  that  can  operate  subsequently  to  buth, 
and  which  it  would  seem  impossible  to  account-for  on  any  other  hypo- 
thesis, than  that  the  formative  capacity  of  the  germ  determines  the 
subsequent  development  of  the  Brain,  as  of  other  parts  of  the  body,  and 
(tiirough  this)  its  mode  of  activity,  in  accordance  with  the  influences 
under  which  that  germ  was  first  impregnated.  And  thus  what  we  speak 
of  as  the  '  original  constitution'  of  each  individual,  is  in  great  pai-t  (if  not 
entirel}^)  determined  by  the  conditions,  dynamical  and  material,  of  the 
parent-organisms;  a  convincing  proof  of  which  general  fact,  is  afibrded 
by  a  careful  examination  of  the  pai'ental  constitution  and  habits,  in  a 
lai'ge  proportion  of  cases  of  Idiocy.*  Whatever  may  be  the  congenital 
constitution,  however,  there  can  be  no  question  that  this  is  liable  to  great 
modification  from  external  influences,  both  such  as  directly  aifect  its 
physical  conditions,  and  such  as  operate  through  the  consciousness,  in 
determining  the  course  of  thought  and  feeling,  before  the  individual  has 
acquired  any  self-determining  power.  Of  this  influence  of  physical 
agencies,  we  have  a  typical  example  in  the  phenomena  of  Cretinism: 
since,  although  the  conditions  imder  which  that  state  is  developed  have 
not  yet  been  precisely  determined,  no  one  can  reasonably  doubt  that  they 
are  such  as  act  in  the  first  instance  in  modifying  the  nutrition  and  acti- 
vity of  the  bodily  organism  in  general,  and  of  the  Nervous  system  in 
particular. 

839.  From  the  time  when  the  Human  being  first  becomes  conscious 
that  lie  has  a  power  within  himself  of  determininff  the  succession  of  his 
mentiil  states,  from  that  time  does  he  begin  to  be  a  free  agent ;  and  in 
proportion  as  he  exerts  that  power,  does  he  emancipate  himself  froni  the 
domination  of  his  constitutional  or  automatic  tendencies.  It  is  a  principle 
now  recognized  by  all  the  most  enlightened  educators,  that  the  develop- 
ment of  this  power  of  self-control  ought  to  be  the  object  of  all  nursery 
discipline ;  and  the  process  of  its  acquirement  is  veiy  gradual.  When  an 
infant  is  excited  to  a  fit  of  passion  by  some  unpleasant  sensation,  its  uiu-se 
attempts  to  restore  its  equanimity  by  presenting  some  new  object  to  its 
attention,  so  -that  the  more  recent  and  vivid  pleasm-able  impression  may 
efface  the  sense  of  past  uneasiness.  As  the  infant  grows  into  childliood, 
the  judicious  parent  no  longer  trusts  to  mere  sensory  impressions  for  the 
diversion  of  the  passionate  excitement,  but  calls-up  in  its  mind  such  ideas 
and  feelings  as  it  is  capable  of  appreciating,  and  endeavours  to  keep  the 
attention  fixed  upon  these,  until  the  violence  of  the  emotion  has  subsided; 
and  recourse  is  had  to  the  same  process,  whenever  it  is  desired  to  check  any 
tendency  to  action  which  depends  upon  the  selfish  propensities, — appeal 
being  always  made  to  the  highest  motives  which  the  child  is  capable  of 
recognizing,  and  punishment  being  only  had  recourse-to,  for  the  purpose  of 
supplying  an  additional  set  of  motives  when  all  others  fail.  For  a  tune, 
this  process  of  external  suggestion  - may  need  to  be  continually  repeated, 
where  there  are  strong  impulses  whose  unworthy  character  calls  for 

*  A  most  valuable  collection  of  data  on  tins  subject  is  afforded  by  Dr.  Howe's  admirable  ' 
'Report  on  Idiocy' made  to  tbe  Legislature  of  MaEsachusetts,  of  which  an  abstract  is  con- 
tained in  the  "  American  Journal  of  the  Medical  Sciences,"  April,  184.9. 
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repression ;  but  if  it  be  jiidicioiisly  adapted  and  consistently  persevered- 
in,  a  very  slight  suggestion  serves  to  recall  the  superior  motives  to  the 
conflict.  And  in  fiu-ther  space,  the  child  conies  to  feel  that  he  has  liim- 
self  the  power  of  recalling  them,  and  of  controlling  his  urgent  impulses 
to  immediate  action.  The  power  of  self-control,  thus  usually  acquired  in 
the  first  instance  in  regard  to  those  impulses  which  directly  determine 
the  conduct,  gradually  extends  itself  to  the  habitual  succession  of  the 
thoughts ;  and  in  proportion  as  this  is  brought  under  the  direction  of  the 
Will,  does  the  individual  become  capable  of  forming  his  own  character,  and 
therefore  truly  responsible  for  his  actions. — It  must  not  be  forgotten,  how- 
ever, that  the  power  of  self-control  may  be  turned  to  a  bad  as  well  as  to  a 
good  account ;  and  that  the  value  of  its  results  will  entirely  depend  upon 
the  direction  va.  it  is  employed.    The  thoughts  ijaay  be  so  deter- 

minately  drawn  away  from  the  higher  class  of  motives,  the  suggestions  of 
conscience  so  habitually  disregarded,  and  the  whole  attention  so  com- 
pletely fixed  upon  the  gratification  of  selfish  or  malevolent  propensities, 
that  the  Human  nature  acquires  far  more  of  the  Satanic  than  of  the 
Divine  character;  the  highest  development  of  this  type  (if  the  term  may 
be  permitted)  being  displayed  by  those,  who  use  their  power  of  self-control 
for  the  purposes  of  hypocrisy  and  dissimulation,  and  cover  the  most  malig- 
nant designs  under  the  veil  of  friendship.  Such  men  (whose  portraiture 
is  presented  by  our  great  Dramatist  in  the  character  of  lago)  show  us  to 
what  evil  account  the  highest  intellect  and  the  most  powerful  will  may 
be  turned,  when  directed  by  the  baser  class  of  motives ;  and  we  cannot 
but  feel  that  they  are  far  more  degraded  in  the  moral  scale,  than  those 
who,  having  never  learned  to  control  their  animal  propensities,  and  being 
unconscious  of  the  very  existence  of  a  higher  nature  within  themselves, 
simply  obey  the  promptings  of  their  automatic  impulses,  and  are  rather 
to  be  considered  as  ill-conditioned  automfitaj  than  as  vicious  men.  Of 
this  latter  class,  some,  fr-om  original  constitution  and  early  influences  of 
the  most  degrading  kind,  seem  altogether  destitute  of  anything  but  a 
hrutal  nature;  such  ought  to  be  treated  as  irresponsible  beings,  and,  as 
such,  restrained  by  external  coercion  from  doing  injury  to  society.  But 
this  class  is  small  in  proportion  to  that  of  individuals  who  act  viciously, 
simply  because  they  have  never  been  led  to  know  that  any  other  com'se 
is  open  to  them,  or  to  feel  any  motives  that  might  give  them  a  different 
impulse.  With  these,  the  object  should  rather  be  to  awaken  the  higher 
parts  of  the  moral  nature,  "to  find  out  the  holy  spot  in  every  child's 
heart,"  and  to  devclope  habits  of  self-control  in  the  manner  just  desci'ibed, 
than  to  subjugate  by  external  restraint;  and  the  success  which  has 
attended  this  method,  in  the  hands  of  those  who  have  judiciously  applied 
it,  is  sufficient  evidence  of  its  superiority ;  many  of  the  most  apparently- 
debased  natm-es  having  been  thus  elevated  to  a  grade,  which  it  seemed  at 
first  impossible  they  could  ever  attain.  From  the  Satanic,  or  positively 
and  wilfully  evil  type  of  Human  nature,  in  which  the  highest  powers  are 
turned  to  the  worst  account,  we  are  thus  conducted  through  the  hrutal 
or  negatively  evil  type,  towards  that  higher  aspect  of  Humanity,  which  is 
presented  by  those  who  habitually  keep  before  them  the  Divine  ideal,  and 
who  steadily  endeavour  to  bring  their  whole  nature  into  conformity  with 
it.  This  is  not  to  be  effected  by  dwelling  exclusively  on  any  one  set  of 
the  motives  already  referred-to,  as  those  which  the  truly  religious  man 
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keeps  before  his  mind.  Even  the  idea  of  Duty,  operating  alone,  tends  to 
reduce  the  individual  to  the  subservience  of  a  slave,  rather  than  to  induce 
in  him  that  true  mastery  over  himself,  which  consists  in  such  a  regulation 
of  his  emotions  and  propensities,  that  his  course  of  duty  becomes  the 
spontaneous  expression  of  his  own  higher  natm-e ;  but  it  is  a  most  power- 
fid  aid  in  the  acqiiirement  of  that  regulation,  by  the  fixation  of  the 
thoughts  and  affections  on  "  things  ou  high,"  which  is  the  best  means  of 
detaching  them  ffom  all  that  is  earthly  and  debasing.  It  is  by  the  assi- 
milation, ratlier  than  by  the  subjugation,  of  the  Human  WiU  to  the  Divine, 
that  ]\Ian  is  really  lifted  towards  God  ;  and  in  j)roportion  as  this  assimila- 
tion has  been  effected,  does  it  manifest  itself  in  the  Ufe  and  conduct;  so 
that  e\Qi\  the  lowliest  actions  become  holy  ministrations  in  a  temple 
consecrated  by  the  felt  presence  of  the  Divinity.  Such  was  the  life  of  the 
Saviour;  towai'ds  that  standard  it  is  for  the  Chiistian  disciple  to  aspire.* 


840.  Of  Bleep.  —  It  is  a  peculiar  feature  in  the  physiology  of  the  Cere- 
bral and  Sensorial  Ganglia,  that  their  activity  undergoes  a  periodical 
suspension,  more  or  less  complete;  the  necessity  for  this  suspension 
arising  out  of  the  flict  that  the  exercise  of  their  functions  is  in  itself 
destructive  to  tlieir  substance,  so  that,  if  this  be  not  replaced  by  nutritive 
regeneration,  they  speedily  become  incapacitated  for  further  use.  In 
ordinary  profound  sleep,  there  is  a  state  of  complete  unconsciousness,  so 
far  as  external  phenomena  are  concerned;  no  ordinary  impressions  \ipon 
the  organs  of  sense  being  either  felt  or  perceived ;  although  an  extraordi- 
nary impression,  or  even  an  habitual  one  upon  which  the  attention  has 
been  previoiisly  fixed  as  that  at  which  the  slumberer  is  to  awake  himself 
(§  843),  occasions  a  renewal  of  sensorial  activity.  It  is  in  this  capability 
of  being  aroused  by  external  impressions,  that  the  chief  difierence  lies 
between  Sleep  and  the  abnormal  condition  of  Coma,  whether  tliis  arise 
from  the  influence  of  pressure  or  effusion  within  the  cranium,  or  be  conse- 
quent upon  the  poisoning  of  the  blood  by  narcotic  substances,  or  follow 
a  previous  state  of  abnormal  activity  of  the  brain,  such  as  dehrium. 
Between  these  two  conditions,  however,  every  gradation  may  be  seen ;  as 
in  the  gradually-increasing  torpor  which  results  from  slow  effusion  within 
the  cranium,  the  gradual  loss  of  susceptibility  to  external  impressions 
which  is  observed  after  an  over-dose  of  a  narcotic,  and  the  intensification 
of  ordinaiy  sleep  which  is  consequent  upon  extreme  previous  fatigue.  It 
is  a  matter  of  doubt,  however,  whether  the  suspension  of  sensorial  con- 
sciousness is  equally  complete  as  regards  internal  or  Cerebral  changes ; 
for  some  are  of  opinion  that,  even  in  the  most  profound  sleep,  we  still 
di'eam,  although  we  may  not  remember  our  di'eams ;  whilst  others  (and 
among  these  the  Author  would  rank  himself)  consider  that  di'eaming  is  a 
mark  of  imperfect  sleep,  and  that,  in  profound  ordinary  sleep,  the  Cere- 
brum, as  well  as  the  Sensory  Ganglia,  is  in  a  state  of  complete  functional 
inactivity.  When  dreaming  takes  place,  there  is  usually  a  less  complete 
exchision  of  sensory  impressions,  although  the  perceptive  consciousness 

*  The  careful  study  of  the  Epistles  of  St.  Paul  will  show  this  to  be  tlie  dominant  idea  of 
this  Apostle's  teachings.  Under  the  name  of  "  the  law,"  he  refers  to  the  spirit  of  bondage 
or  external  coercion,  which  "  was  the  schoolmaster  to  bring  us  to  Christ;"  whilst  under  the 
designation  of  "  the  Gospel "  he  obviously  desires  to  express  that  spirit  of  freedom  or  in- 
ternal spontaneity,  which  is  the  source  of  all  that  is  truly  noble  in  the  Christian  character. 
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may  be  entirely  suspended ;  so  that  the  course  of  the  dream  may  be 
influenced  by  them,  although  the  mind  is  not  conscious  of  them  as  such 
(§  828).  If  this  be  the  ti'ue  account  of  the  case,  we  may  consider  that, 
in  profound  Sleep,  the  fimctional  activity  of  the  Cerebrum  and  of  the 
Sensory  Ganglia  is  alike  suspended;  that  in  Dreaming,  the  Cerebrum  is 
partially  active,  and  that  the  Sensorium  is  in  such  a  condition  of  reci- 
pience for  Cerebral  impressions  that  the  mind  becomes  directly  conscious 
of  them,  whilst  it  only  becomes  conscious  of  impressions  made  upon^  the 
Organs  of  Sense,  after  their  influence  has  been  transmitted  through  it  to 
the  Cerebrum,  and  has  been,  as  it  were,  reflected  back  by  that  organ.  It 
is,  in  fact,  by  their  influence  upon  the  current  of  ideas,  and  not  by  their 
power  of  exciting  sensations,  that  we  recognize  their  operation  under  such 
cu'cumstances. 

841.  The  state  of  Sleep  is  one  to  which  there  is  beyond  doubt  a  perio- 
dical tendency;  for,  when  the  waking  activity  has  continued  for  a  consi- 
derable proportion  of  the  twenty-four  hours,  a  sense  of  fatigue  is  usually 
experienced,  which  indicates  that  the  brain  requires  repose ;  and  it  is  only 
imder  some  veiy  strong  physical  or  moral  stimulus,  that  the  mental 
energy  can  be  sustamed  through  the  whole  cycle.  In  fact,  unless  some 
decidedly  abnormal  condition  of  the  Cerebrum  be  induced  by  the  pro- 
traction of  its  functional  activity,  Sleep  will  at  last  supervene,  from  the 
absolute  inability  of  the  organ  to  sustain  any  further  demands  upon  its 
energy,  even  in  the  midst  of  opposing  influences  of  the  most  powerful 
natm-e.*  That  the  strongest  voluntary  determination  to  remain  awake, 
is  forced  to  give  way  to  Sleep,  when  this  is  required  by  the  exhaustion  of 
nervous  power,  must  be  within  the  experience  of  every  one ;  and  the  only 
way  in  which  the  Will  can  even  retard  its  access,  is  by  determinately 
fixing  the  consciousness  upon  some  definite  object,  and  resisting  every 
tendency  in  the  thoughts  to  wander  from  this.  It  does  not  appear  to  be 
of  any  consequence,  whether  this  exliaustion  be  produced  by  the  active 
exercise  of  volition,  reflection,  emotion,  or  simple  sensation ;  still  we  find 
that  the  volitional  direction  of  the  thoughts,  in  a  course  different  from 
that  in  which  they  tend  spontaneously  to  flow,  is  attended  with  far  more 
effort  than  the  automatic  activity  of  the  mind  (§  823) ;  whilst,  on  the 
other  hand,  the  excess  of  automatic  activity,  whether  as  regards  the  intel- 
lectual operations  or  emotional  excitement,  tends  to  prevent  sleep.  This  is 
particularly  the  case  when  the  feelings  are  strongly  interested;  thus,  the 
strong  desire  to  work-out  a  result,  or  to  complete  the  survey  of  a  subject, 

*  Thus  it  is  on  record,  that,  during  the  heat  of  the  battle  of  the  Nile,  some  of  the  over- 
fatigued  boys  fell  asleep  upon  the  deck;  and  during  the  recent  attack  upon  Rangoon,  the 
Captain  of  one  of  the  war-steamers  most  actively  engaged,  worn  out  by  the  excess  of  continued 
mental  tension,  fell  asleep  and  remained  perfectly  unconscious  for  two  hours,  within  a  yard  of 
one  of  his  largest  guns,  which  was  being  worked  energetically  during  the  whole  period. — So 
even  the  severest  bodily  pain  yields  before  the  imperative  demand  occasioned  by  the  con- 
tinued exhaustion  of  the  powers  of  the  sensorial  centres;  thus  Damiens  slept  upon  the  rack, 
during  the  intervals  of  his  cruel  sufferings;  the  North  American  Indian  at  the  st;ike  of 
torture  will  go  to  sleep  on  the  least  remission  of  agony,  and  will  slumber  until  the  fire  is 
applied  to  awaken  him;  and  the  medical  practitioner  has  frequent  illustrations  of  the  same 
fact. — That  the  continued  demand  for  muscular  activitj'  is  not  incompatible  with  the  access  of 
sleep,  is  obvious  from  what  has  been  already  said  of  the  persistence  of  the  automatic  move- 
ments in  that  condition  (§  726);  it  is  well  known  that,  previously  to  the  shortening  of  the 
hours  of  work,  factory  children  frequently  fell  asleep  whilst  attending  to  their  machines, 
although  well  aware  that  they  should  incur  severe  punishment  by  doing  so. 
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is  often  sufficient  to  keep  up  the  intellectual  activity  as  long  as  may  be 
requisite  (a  state  of  restlessness,  however,  being  often  induced,  which  pre- 
vents the  access  of  sleep  for  some  time  longer)  ;  so,  again,  anxiety  or 
distress  is  a  most  frequent  cause  of  wakefulness ;  and  it  is  generally  to  be 
observed  that  the  state  of  susj^ense  is  more  opposed  to  the  access  of  sleep, 
than  the  greatest  joy  or  the  direst  calamity  when  certainty  has  been 
attained.*    But  although  an  excess  of  automatic  activity  is  ojjposed,  so 
long  as  it  continues,  to  the  access  of  sleep,  yet  it  cannot  be  long  pro- 
tracted without  occasioning  an  extreme  exhaustion  of  nervous  power, 
which  necessitates  a  long  period  of  tranquillity  for  its  complete  restora- 
tion. —  But  whilst  the  necessity  for  sleep  ai-ises  out  of  the  state  of  the 
nervous  system  itself,  there  ai'e  certain  external  conditions  which  favom- 
its  access;  and  these,  in  common  parlance,  are  termed  its  predisposing 
causes.    Among  the  most  j^owerful  of  these  is  the  absence  of  sensorial 
impressions ;  thus,  dai'kness  and  silence  usually  promote  repose ;  and  the 
cessation  of  the  sense  of  muscular  effort,  which  takes  place  when  we 
assume  a  position  that  is  sustained  without  it,  is  no  less  conducive  to 
slumber.     There  ai'e  cases,  however,  in  which  the  continuance  of  an 
accustomed  sound  is  necessary,  instead  of  positive  silence,  the  cessation  of 
tliG  sound  being  a  complete  preventive  of  sleep;  thus  it  hajipens  that 
persons  living  in  the  neighbourhood  of  the  noisiest  mills  or  forges,  cannot 
readily  sleep  elsewhere.     Such  cases  are  referable,  either  to  the  influence 
of  habit,  which  causes  the  attention  of  the  individual  to  be  more  attracted 
by  the  suspension  of  the  sound  than  by  its  continuance;  or  to  the  fact 
that  the  monotonous  rejx'tition  of  sensorial  impressions  is  often  more 
favorable  to  sleep  than  their  complete  absence.    Thus  it  is  within  the 
experience  of  every  one,  that  the  droning  voice  of  a  heavy  reader  on  a 
dull  subject,  is  often  a  most  effectual  hypnotic;  in  like  manner,  the  rijiple 
of  the  calm  ocean  on  the  shore,  the  sound  of  a  distant  waterfall,  the 
rustling  of  foliage,  the  hum  of  bees,  and  similai'  impressions  upon  the 
auditory  sense,  are  usually  favourable  to  sleej);  and  the  muscular  and 
tactile  senses  may  be  in  hke  manner  affected  by  an  uniform  succession  of 
gentle  movements,  as  we  see  in  the  mode  in  which  nurses  "hush-ofi"' 
infants,  or  in  the  practice  of  gently  rubbing  some  part  of  the  body,  which 
has  been  successfully  employed  by  many  who  could  not  otherwise  com- 
pose themselves  to  sleep.    The  reading  of  a  dull  book  acts  in  the  same 
mode  through  the  visual  sense;  for  the  eyes  wander  on  from  line  to  line 
and  from  page  to  page,  receiving  a  series  of  sensorial  impressions  which 
are  themselves  of  a  very  monotonous  kind,  and  which  only  tend  to  keep 
the  attention  alive  in  proportion  as  they  excite  interesting  ideas. — 
In  these  and  similar  cases,  the  influence  of  external  impressions  would 
seem  to  be  exerted  in  withdrawing  the  mind  from  the  distinct  conscious- 
ness of  its  own  operations  (the  loss  of  which  is  the  transition-state  into 
that  of  complete  unconsciousness),  and  in  suspending  the  directing  power 
of  the  Will.    And  this  is  the  case  even  where  the  attention  is  in  the  first 
instance  voluntarily  directed  to  them ;  as  in  some  of  the  plans  which  have 
been  recommended  for  the  induction  of  sleep,  when  there  exists  no  spon- 

*  Thus  it  is  a  common  observation  that  criminals  under  sentence  of  death  sleep  badly  so 
long  as  they  entertain  any  hopes  of  a  reprieve;  but  as  soon  as  they  are  satisfied  that  their 
death  is  inevitable,  they  usually  sleep  more  soundly,  and  this  even  on  tlie  very  last  night  ot 
tlieir  lives. 
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taneous  disposition  to  it.  In  other  methods,  the  attention  is  fixed  upon 
some  internal  train  of  thought,  which,  when  once  set-going,  may  be 
carried-on  automatically;  such  as  counting,  or  repeating  a  French,  Latin, 
or  Greek  verb.  In  either  case,  when  the  sensorial  consciousness  has  been 
once  steadily  fixed,  the  monotony  of  the  impression  (whether  received 
from  the  Organs  of  Sense  or  from  the  Cerebrum)  tends  to  retain  it  there ; 
so  that  the  Will  abandons,  as  it  were,  all  control  over  the  operations  of 
the  mind,  and  allows  it  to  yield  itself  up  to  the  soporific  influence.  This 
last  method  is  peculiarly  effectual,  when  the  restlessness  is  dependent 
upon  some  mental  agitation,  provided  that  the  Will  has  power  to  with- 
di-aw  the  thoughts  from  the  exciting  subject,  and  to  reduce  them  to  the 
tranquillizing  state  of  a  mere  mechanical  repetition. 

842.  The  access  of  Sleep  is  sometimes  quite  sudden;  the  individual  pass- 
ing at  once  from  a  state  of  complete  mental  activity  to  one  of  entire  torpor. 
More  generally,  however,  it  is  gradual ;  and  various  intermediate  phases 
may  be  detected,  some  of  which  bear  a  close  resemblance  to  the  state  of 
Reverie,  whose  peculiai-  nature  has  been  already  described  (§  824).  The 
same  may  be  said  with  regard  to  the  transition  from  the  state  of  Sleep  to 
that  of  wakeful  activity;  for  this  also  may  be  sudden  and  complete, 
although  it  usually  consists  of  a  succession  of  stages, — the  complete  con- 
sciousness of  the  individual's  relation  to  the  external  world,  and  the 
power  of  directing  his  thoughts  and  actions  to  any  subject  about  which 
he  maybe  reqidred  to  exert  himself,  being  the  last  to  be  acquired.  There 
may  be  a  rapid  alternation  of  these  different  states;  the  loss  and  recovery 
of  the  waking  consciousness  being  many  times  repeated  in  the  course  of 
a  few  minutes,  when  the  circumstances  are  such  as  to  prevent  the  access 
of  profound  sleep  by  the  recurrence  of  sensory  impressions;  as  when  a 
man  on  horseback,  wearied  from  want  of  rest,  lapses  at  every  moment 
into  a  dozing  state,  from  which  the  loss  of  the  balance  of  his  body  as 
frequently  and  suddenly  arouses  him;  or  when  a  man  going  to  sleep  in  a 
sitting  posture,  gradually  loses  the  support  of  the  muscles  which  keep  his 
head  erect,  his  head  droops  by  degrees  and  at  last  falls  forwards  on  his 
chest,  and  the  slight  shock  thence  ensuing  partially  arouses  and  restores 
his  voluntary  power,  which  again  raises  the  head.  ^  Similar  fluctuations 
occur  in  the  sensory  perceptions;  and  these  may  be  often  artificially 
induced  by  very  simple  means.  "  We  find,  for  example,  one  condition  of 
sleep  so  light,  that  a  question  asked  restores  consciousness  enough  for 
momentary  understanding  and  reply;  and  it  is  an  old  trick  to  bring 
sleepers  into  this  state,  by  putting  the  hand  into  cold  water,  or  producing 
some  other  sensation,  not  so  active  as  to  awaken,  but  sufiicient  to  draw 
the  mind  from  a  more  profound  to  a  lighter  slumber.  This  may  be  often 
repeated,  sleep  still  going  on ;  but  make  the  sound  louder  and  more  sud- 
den, and  complete  waking  at  once  ensues.  The  same  with  other  sensa- 
tions. Let  the  sleeper  be  gently  touched,  and  he  shows  sensibility,  if  at 
aU,  by  some  slight  muscular  movement.  A  ruder  touch  excites  more 
disturbance  and  motion,  and  probably  changes  the  current  of  dreaming; 
yet  sleep  will  go  on ;  and  it  often  requires  a  rough  shaking,  particularly 
in  young  persons,  before  full  wakefulness  can  be  obtained."  *  *  "  It  is 
certain  that  the  faculties  of  sensibility  and  volition  are  often  unequally 
awakened  from  sleep.  The  case  may  be  stated,  familiar  to  many,  of  a 
person  sleeping  in  an  upright  posture,  with  the  head  falling  over  the  breast ; 
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in  whom  sensibility  is  suddenly  aroused  by  some  external  impression,  but 
who  is  unable,  for  a  certain  time,  to  raise  his  head,  though  the  sensation 
produced  by  this  delay  of  voluntary  action  is  singularly  distressing." 
These  various  cases,  it  is  justly  remarked  by  Dr.  Holland,*  depending 
severally  on  the  intensity  of  sleep,  and  on  the  kind  and  degi-ee  of  the 
external  exciting  causes,  will  be  found  to  explain  many  of  those  so-called 
Mesmeric  phenomena,  which  are  offered  to  us  under  a  widely  different 
interpretation.  And  it  may  be  here  remarked,  that  among  those  inter- 
mediate states  between  sleep  and  waking,  which  either  occm'  spontane- 
ously, or  can  be  induced  in  numerous  individuals  by  very  simple  processes 
(§§  825,  827),  there  are  several  which  exhibit  pecidiai"ities  that  are  not  in 
themselves  in  the  least  degree  less  remarkable,  than  ai-e  those  which  ai'e 
regai'ded  with  so  much  wonder  by  the  uninformed  observer,  when  induced 
by  the  asserted  Mesmeric  influence,  and  paiuded  as  specimens  of  its  powers 
(see  §  845,  note). 

843.  It  is  unquestionable  that  the  supervention  of  Sleep  may  be  pro- 
moted by  the  strong  previous  expectation  of  it;  and  this  is  tme,  not 
merely  of  ordinary  sleep,  but  of  the  states  of  artificial  Reverie  and  Som- 
nambulism formerly  described.  Every  one  knows  the  inflvience  of  habit, 
not  only  in  regard  to  '  time,'  but  also  as  to  '  place  and  circumstance,'  in 
predisposing  to  Sleep.  Thus,  the  celebrated  pedestrian  Capt.  Barclay, 
when  accomplishing  his  extraordinaiy  feat  of  walking  1000  miles  in  as 
many  successive  hours,  obtained  at  last  such  a  mastery  over  himself  that 
he  fell  asleep  the  instant  ho  lay  down.  And  the  sleep  of  soldiers,  sailors, 
and  others,  who  may  be  prevented  from  obtaining  regulai*  periods  of 
repose,  but  are  obliged  to  take  tlieir  rest  at  short  intervals,  may  be  almost 
said  to  come  at  command ;  nothing  more  being  necessary  to  induce  it,  than 
the  placing  the  body  in  an  easy  position,  and  the  closure  of  the  eyes.  It 
is  related  that  the  Abbe  Faria,  who  acquired  notoriety  through  his  power 
of  inducing  somnambulism,  was  accustomed  merely  to  place  his  patient 
in  an  arm-chau*,  and  then,  after  telling  him  to  shut  his  eyes  and  collect 
himself,  to  pronoimce  in  a  strong  voice  and  imperative  tone  the  word 
"  dormcz,"  which  was  usually  successfid.  The  Author  has  had  fit-equent 
opportunities  of  satisfying  himself,  that  the  gi-eater  success  which  attends 
the  'hypnotic'  mode  of  inducing  somnambulism  (§  827)  in  the  hands  of 
Mr.  Braid,  its  discoverer,  than  in  that  of  others,  partly  lies  in  the  mental 
condition  of  his  subjects,  who  come  to  him  for  the  most  pai't  under  the 
confident  expectation  of  its  production,  and  are  further  assiu-ed  by  a  man 
of  very  determined  will  that  it  cannot  be  resisted.  +  And  it  is  one  of  the 
most  curious  phenomena  of  the  'biological'  state  (§  825),  that,  in  many 
subjects  at  least,  sleep  may  be  induced  in  a  minute  or  less,  by  the  positive 
assurance,  with  which  the  mind  of  the  individual  becomes  possessed,  that 
it  will  and  oiiust  supervene.  —  The  influence  of  previous  mental  states  is 
yet  more  remarkable,  in  determining  the  effects  produced  upon  the 
sleeper  by  diflerent  sensory  impressions.    The  general  rule  is,  that  habi- 

"  See  his  excellent  Chapter  on  '  Sleep,'  from  which  the  above  extracts  are  taken,  in  his 
"  Medical  Notes  and  Reflections,"  and  his  "  Chapters  on  Mental  Physiology." 

+  A  very  amusing  instance  in  which  Sleep,  having  been  previously  induced  by  the  ordi- 
nary 'mesmeric  '  and  then  by  the  '  hypnotic  '  processes,  was  brought  on  by  the  simple  belief 
that  a  new  process  was  being  put  in  practice,  will  be  found  in  the  "  Brit  and  For.  JMed. 
Rev.,"  vol.  xix.  p,  477. 
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impressions  of  any  kind  have  much  less  effect  in  arousing  the  slum- 
•erer,  than  those  of  a  new  or  unaccustomed  character.  An  amusing 
astance  of  this  kind  has  been  related  to  the  Author,  which,  even  if  not 
itei-ally  true,  serves  extremely  well  as  an  illustration  of  what  is  unques- 
ionably  the  ordinary  fact.  A  gentleman  who  had  taken  his  passage  on 
•oard  a  ship  of  war,  was  aroused  on  the  fii-st  morning  by  the  report  of 
•he  morning  gun,  which  chanced  to  be  fired  just  above  his  berth;  the 
hjck  was  so  violent,  as  to  cause  him  to  jump  out  of  bed.  On  the  second 
noming  he  was  again  awoke,  but  this  time  he  merely  started  and  sat  up 
n  bed;  on  the  thkd  morning  the  report  had  simply  the  effect  of  causing 
lim  to  open  his  eyes  for  a  moment,  and  turn  in  his  bed :  on  the  fourth 
:  noming  it  ceased  to  affect  him  at  all,  and  his  slumbers  contiiuied  to  be 
indisturbed  by  the  report,  so  long  as  he  remained  on  board.  It  often 
lappens  that  sleep  is  terminated  by  the  cessation  of  an  accustomed  sound, 
jspecially  if  this  be  one  whose  monotony  or  continuous  repetition  had 
3een  the  original  inducement  to  repose.  Thus,  a  person  who  has  been 
:-ead  or  preached  to  sleep,  will  awake,  if  his  slumber  be  not  very  pro- 
foimd,  on  the  cessation  of  the  voice ;  and  a  naval  officer,  sleeping  beneath 
the  measured  tread  of  the  watch  on  deck,  will  awake  if  that  tread  be 
suspended. — In  this  latter  case,  the  influence  of  the  simple  cessation  of 
the  impression  will  be  augmented  by  the  circumstance  next  to  be  alluded 
to,  which  has  received  too  little  attention  from  writers  on  this  subject, 
but  which  is  of  peculiar  interest  both  m  a  physiological  and  psychological 
point  of  view,  and  is  practically  familiar  to  almost  every  one.  This  is, 
that  the  awakening  power  of  sensory  impressions  is  gi'eatly  modified  by 
our  habitual  state  of  mind  in  regard  to  them.  Thus,  if  we  are  accus- 
tomed to  attend  to  these  impressions,  and  our  perception  of  them  is  thus 
increased  in  acuteness,  we  are  much  more  easUy  g-roused  by  them,  than 
we  are  by  others  which  are  in  themselves  much  stronger,  but  which  we 
have  been  accustomed  to  disregard.  Thus,  most  sleepers  are  aroiised 
by  the  sound  of  their  own  names  uttered  in  a  low  tone,  when  it  requires 
a  much  louder  sound  of  a  different  description  to  produce  any  manifesta- 
tion of  consciousness.  The  same  thing  is  seen  in  comatose  states;  a 
patient  being  often  capable  of  being  momentarily  aroused  by  shoviting  his 
name  into  his  ear,  when  no  other  sound  produces  the  least  effect.  The 
following  circumstance,  communicated  to  the  Author  by  the  late  Sir 
Edward  Codrington,  is  a  most  apposite  illustration  of  this  principle. 
When  a  young  man,  he  was  serving  as  signal -lieutenant  under  Lord 
Hood,  at  the  time  when  the  French  fleet  was  confined  in  Toulon  harbour ; 
and  being  desirous  of  obtaining  the  favom-able  notice  of  his  commander, 
he  devoted  himself  to  his  duty — that  of  watching  for  signals  made  by 
the  look-out  frigates — with  the  greatest  energy  and  perseverance,  often 
remaining  on  deck  nineteen  hours  out  of  the  twenty-four,  with  his  atten- 
tion constantly  directed  towards  this  one  object.  During  tlie  few  hours 
which  he  spent  in  repose,  his  sleep  was  so  profoimd,  that  no  noise  of  an 
ordinary  kind,  however  loud,  woidd  awake  him;  and  it  used  to  be  a 
favourite  amusement  with  his  comrades,  to  try  various  experiments 
devised  to  test  the  soundness  of  his  sleep.  But  if  the  word  '  signal'  wiia 
even  whispered  in  his  eai*,  he  was  instantly  aroused,  and  fit  for  immediate 
duty. — The  influence  of  habitual  attention  is  shown  as  much  in  the 
effect  produced  by  the  cessation,  as  in  that  of  the  occui-reuce,  of  sensory 
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impressions.  Tims  in  tlie  case  of  the  naval  officer  aroused  by  the  suspen- 
sion of  the  measured  tread  of  the  watch  over  his  head,  the  knowledge 
possessed  during  the  waking  state,  that  this  suspension  is  either  an  act  of 
neghgence  which  requires  notice,  or  indicates  some  unusual  occurrence, 
doubtless  augments  the  effect  which  the  discontinuance  of  the  sound 
would  of  itself  produce. — It  is  not  requisite,  however,  that  the  sound 
should  be  one  habitually  attended-to  during  the  hom-s  of  watchfulness; 
for  it  is  sufficient  if  it  be  one  on  which  the  attention  has  heen  fixed  as  that 
at  which  the  slumberer  is  to  arouse  himself.  Thus  the  medical  man,  even 
in  his  first  profound  sleep  after  a  fatiguing  day's  work,  is  aroused  by  the 
first  stroke  of  the  clapper  of  his  night-bell ;  and  to  those  who  are  accus- 
tomed to  rise  every  morning  at  the  sound  of  an  alarum-clock,  the  fre- 
quency and  regularity  of  the  occurrence  do  not  diminish,  but  rather 
increase,  the  readiness  with  which  it  produces  its  efl'ect,  provided  that  the 
warning  be  promptly  obeyed.  On  this  usually  depends  the  efficiency  of 
the  awakening  sound ;  if  it  be  disregarded  as  a  thing  to  which  there  is  no 
occasion  to  give  heed,  it  very  soon  ceases  to  produce  any  effect,  the  entire 
peal  not  being  sufficient  to  awake  the  sleeper;  whilst,  on  the  other  hand, 
the  first  stroke  is  enough  to  break  the  repose  of  him  who  is  impressed 
with  the  effectual  desire  of  profiting  by  the  warning.  And  thus  it  may 
happen  that,  of  two  persons  in  the  same  room,  either  shall  be  at  once 
aroused  by  a  sound  which  produces  no  disturbance  in  the  slumbers  of  the 
other.  To  this  influence  of  previous  impressions,  whether  habitual,  or 
but  once  forcibly  made,  we  are  also  to  refer  the  sj)ontaneous  termination 
of  the  state  of  sleep  at  particular  times,  without  any  sensorial  excitement 
from  external  impressions.  Thus,  many  persons  who  are  accustomed  to 
rise  at  a  particular  hour,  wake  regularly  at  that  hour,  whether  they  have 
gone  to  rest  early  or  late ;  so  that  the  act  of  spontaneously  awakening  is 
no  proof  that  the  desirable  amount  of  repose  has  been  obtained.  •  But 
what  is  more  remarkable  is,  that  many  individuals  have  the  power  of 
determining,  at  the  time  of  going  to  rest,  the  horn-  at  which  they  shall 
rise,  so  as  to  awake  from  a  profound  sleep  at  the  precise  time  fixed  upon. 
In  others,  however,  the  desire  to  rise  at  a  particular  hour  only  induces  a 
state  of  restlessness  throughout  the  night,  destroying  the  soundness  of  the 
slumbers  :  the  individual  awakes  many  times  in  the  night,  with  the  belief 
that  the  horn-  is  past,  and  very  possibly  oversleeps  it  after  aU,  the  system 
being  worn  out  by  the  need  of  repose. 

844.  The  Amount  of  Slee20  required  by  Man  is  affected  by  so  many 
conditions,  especially  age,  tem2^erament,  habit,  and  previous  exhaustion, 
that  no  general  rule  can  be  laid  down  on  the  subject. — The  condition  of 
the  foetus  in  utero  may  be  regarded  as  one  of  continual  shimber;  the 
apparatus  of  animal  life  being  completely  secluded  from  all  stimuli  which 
could  arouse  it  into  activity,  whilst  the  energy  of  the  organic  functions  is 
entirely  directed  to  the  building-up  of  the  fabric.  On  its  first  entrance 
into  the  world,  the  infant  continues  to  pass  the  greater  part  of  its  time 
in  slumber;  and  this  is  particulai'ly  to  be  noticed  in  cases  of  premature 
birth,  the  seven  months'  child  seeming  to  awake  only  for  the  piu-pose  of 
receiving  food,  and  giving  but  little  heed  to  external  objects,  whilst  even 
the  eight  months'  child  is  considerably  less  alive  to  sensory  impressions 
than  one  born  at  the  full  time.  The  excess  of  activity  of  the  constructive^ 
over  the  destructive  operations,  which  characterizes  the  whole  period  of 
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Infancy,  childhood,  and  adolescence  (§§  129 — 131),  requh-es  that  a  larger 
proportion  of  the  diurnal  cycle  shall  be  passed  in  sleep  (during  which  the 
iWrmer  maybe  carried-on  without  hindi-ance),  than  is  requisite  when  adult 
^•e  has  been  attained,  the  two  sets  of  changes  being  then  balanced 
(§  132);  and  the  amount  of  sleep  to  which  the  system  shows  itself  dis- 
[loscd,  gradually  diminishes  from  three-fom-ths  to  one-half,  and  from  one- 
half  to  one-third,  or  even  to  one-quai-ter,  of  the  twenty-four  hours.  It  is  to 
be  noticed  that  the  sleep  of  children  or  yoimg  persons  is  not  only  longer 
than  that  of  adults,  but  is  also  more  profound.  On  the  other  hand,  as 
age  advances,  and  the  bodily  and  mental  activity  of  the  waking  state 
decreases,  a  smaller  amount  of  sleep  sufl&cesj  or,  if  the  slumber  be  pro- 
tracted, it  is  usually  less  deep  and  refreshing.  It  may  be  noticed,  how- 
ever, that  very  old  persons  usually  pass  a  large  proportion  of  their  time 
in  sleep,  or  rather  in  a  sort  of  heavy  doze,  especially  after  meals ;  as  if,  in 
consequence  of  the  want  of  energy  of  their  nutritive  operations,  a  very 
long  period  of  repose  is  necessary  to  repair  the  waste  which  takes  place 
during  their  short  period  of  activity. — In  regard  to  the  influence  of  tern- 
perament,  it  may  be  remarked  that  a  plethoric  habit  of  body,  sustained 
by  full  diet,  usually  predisposes  to  sleep,  provided  that  the  digestive 
;^owei-s  be  in  a  vigorous  condition ;  persons  of  this  constitution  frequently 
pass  nine  or  ten  hours  in  slumber,  and  maintain  that  they  cannot  be 
adequately  refreshed  by  less.  On  the  other  hand,  thin  wiry  people,  in 
whom  the  'nervous'  temperament  predominates,  usually  take  compara- 
tively little  sleep,  notwithstanding  the  greater  activity  of  their  nervous 
system  when  they  are  awake ;  but  their  slumber,  while  it  lasts,  is  gene- 
rally very  deep.  Persons  of  'lymphatic'  temperament,  heavy  passionless 
people,  who  may  be  said  to  live  very  slowly,  are  usually  great  sleepers ; 
but  this  rather  because,  through  the  dulness  of  their  perceptions,  they 
are  less  easily  kept  awake  by  sensorial  or  mental  excitement,  than  because 
they  really  require  a  prolonged  cessation  of  activity.  As  they  are  half 
asleep  during  the  waking  state,  so  would  it  appear  that  the  constructive 
operations  must  be  far  from  active  while  they  are  asleep,  so  little  do  they 
seem  restored  by  the  repose.  —  The  amount  of  sleep,  cceteris  jmribus, 
required  by  individuals,  is  very  greatly  influenced  by  habit;  and,  contrary 
to  what  we  might  anticipate,  we  find  that  the  briefest  sleepers  have 
usually  been  men  of  the  greatest  mental  activity.  Thus  Frederick  the 
Great  and  John  Hunter  are  said  to  have  only  required  five  hours'  sleep 
out  of  the  twenty-four.  General  Elliot,  celebrated  for  his  defence  of 
Gibraltar,  is  recorded  not  to  have  slept  more  than  four  hours  out  of  the 
twenty-four.  It  may  be  doubted  whether  it  would  be  possible  for  any 
one  to  sustain  a  life  of  vigorous  exertion  upon  a  smaller  allowance  than 
this ;  and  the  general  fact  is,  that  from  six  to  eight  hours  of  repose,  out  of 
eveiy  tweuty-fom-,  are  required  to  keep  the  system  of  an  adult  in  a  state  of 
healthful  activity.  The  influence  of  habit  may  be  brought  to  bear  on  the 
protraction,  as  well  as  on  the  abbreviation,  of  the  usual  period.  Thus 
Quin,  the  celebrated  actor,  could  slumber  for  twenty-foiu*  hours  succes- 
sively; and  Dr.  Reid,  the  metaphysician,  could  take  as  much  food,  and 
afterwards  as  much  sleep,  as  were  sufl&cient  for  two  days. — It  is  needless 
to  dwell  upon  the  obvious  fact,  that,  other  things  being  equal,  the  amount 
of  sleep  required  by  man  is  proportional  to  the  amount  of  mental  exertion 
put  forth  during  the  waking  hours;  since  tliis  is  an  obvious  result  of 
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what  has  been  laid  down  as  the  cause  of  the  demand  for  sleep.  It  may 
be  remarked,  however,  that  we  must  not  measure  the  amount  of  sleep  by 
its  duration  alone ;  since  its  intensity  is  a  matter  of  equal  importance. 
The  light  slumber  which  is  disturbed  by  the  slightest  sounds,  cannot  be 
as  renovating  as  the  profound  sopor  of  those  whom  no  ordinaiy  noise  will 
awake. 

845.  There  are  certain  states  of  the  Encephalic  centres,  in  which  there 
is  an  enti7'e  absence  of  Sleep;  and  this  may  continue  for  many  days,  or 
even  weeks  or  months.  Insomnia  is,  for  instance,  one  of  the  character- 
istics of  acute  mania,  and  may  also  exist  in  various  forms  of  monomania ; 
it  is  usually,  also,  one  of  the  symptoms  of  incipient  meningeal  inflammtw 
tion ;  and  it  may  constitute  a  specific  disease  in  itself  In  all  these  cases, 
however,  the  preponderance  of  the  destructive  processes  over  the  construc- 
tive manifests  itself,  sooner  or  later,  in  the  exhaustion  of  the  mental  and 
bodily  powers.  Thus  mania,  when  prolonged  or  frequently  occurring, 
subsides  into  dementia ;  and,  if  it  continue  for  any  length  of  time,  is  sure 
to  be  followed  by  a  great  sense  of  wi'ctchedness  and  prostration,  frequently 
accompanied  by  continual  restlessness.  Such  effects,  too,  in  a  less  aggra- 
vated degree,  result  from  habitual  deficiency  of  sleep ;  whether  this  result 
from  emotional  excitement,  which  keeps  repose  at  bay,  or  from  a  voluu- 
tary  deteraiination  to  keep  the  intellect  in  activity.  This  is  a  veiy  com- 
mon occurrence  among  industrious  students,  who,  with  a  laudable  deshe 
for  distinction,  allow  themselves  less  than  the  needed  quantum  of  repose. 
Headache,  tension,  heat,  throbbing,  and  various  other  unpleasant  seusa^ 
tions  in  the  head,  give  warning  that  the  brain  is  being  overtasked ;  and  if 
this  warning  be  not  taken,  sleep,  which  it  was  at  first  difficult  to  resist,  be- 
comes even  more  difficult  to  obtain ;  a  state  of  general  restlessness  and 
feverish  excitement  are  induced ;  and  if,  in  spite  of  this,  the  efibrt  be  con- 
tinued, serious  consequences,  in  the  form  of  cerebral  inflammation,  apo- 
plexy, paralysis,  fever,  insanity,  or  loss  of  mental  power,  more  or  less 
complete,  are  nearly  certain  to  be  induced.  Some  individuals  can  sustain 
such  an  effort  much  longer  than  others,  but  it  is  a  great  mistake  to 
suppose  that  they  are  not  equally  injured  by  it;  in  fact,  being  possessed 
with  the  belief  that  they  are  not  suffering  from  the  exertion,  they  fre- 
quently protract  it  xmtil  a  sudden  and  complete  prostration  gives  a  feai- 
ful  demonstration  of  the  cumulative  effects  of  the  injurious  coui-se  in 
which  they  have  been  persevering.  Those,  consequently,  who  are  earlier 
forced  to  give  way,  are  frequently  capable  of  accomphshing  more  in  the 
end. — In  regai'd  to  the  degi'ee  of  protraction  of  sleep  which  is  consistent 
with  a  healthy  state  of  the  system  in  other  respects,  it  is  difficult  to  speak 
with  certainty.  Of  the  numerous  well-authenticated  instances  on  record,* 
in  which  sleep  has  been  continuously  prolonged  for  many  days  or  even 
weeks,  it  is  enough  here  to  state  that  they  cannot  be  regarded  as  examples 
of  natural  sleep ;  the  state  of  such  persons  being  more  closely  allied  to 
hysteric  coma.  An  unusual  tendency  to  ordinary  sleep  generally  indicates 
a  congested  state  of  the  brain,  tending  to  apoplexy ;  and  it  lias  been  stated 
that  apoplexy  has  been  actually  induced  by  the  experimental  attempt  to 
ascertain  how  large  a  proportion  of  the  diurnal  cycle  might  be  spent  in 

*  Such,  for  example,  as  that  of  Samuel  Chilton  ("  Phil.  Trans.,"  1694),  and  that  of  Mary 
Lyall  ("Trans,  of  Roy.  Soc.  of  Edinb.,"  1818). 
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■op.    Thus,  on  either  side,  inattention  to  the  dictates  of  Nature,  in 
spect  to  the  amount  of  sleep  required  for  tlie  renovation  of  the  system, 
.comes  a  som-ce  of  disease,  and  should  therefore  be  carefully  avoided.* 

*  On  Mesmerism.— li  appears  to  the  Author  that  the  time  has  now  come,  when  a  tolerably 
tinite  opinion  may  be  formed  regarding  a  large  number  of  the  phenomena  commonly 
■luded  under  the  term  "  Mesmerism."  Notwithstanding  the  exposures  of  various  pretenders, 
lich  have  taken  place  from  time  to  time,  there  remains  a  considerable  mass  of -phenomena, 
iiich  cannot  be  so  readily  disposed  of,  and  which  appear  to  him  to  have  as  just  a  title  to  the 
uteution  of  the  scientific'Physiologist,  as  that  which  is  possessed  by  any  other  class  of  well- 
jertained  facts. 

Passing  over,  for  the  present,  the  inquiry  into  the  manner  in  which  these  effects  may  be 
duced,  the  Author  may  briefly  enumerate  the  principal  phenomena  which  he  regards  as 
hiiving  been  veritably  presented  in  a  sufficient  number  of  instances,  to  entitle  them  to  be  con- 
■^■  Jcred  as  genuine  and  regular  manifestations  of  the  peculiar  bodily  and  mental  condition 
ider  discussion : — 

1.  A  state  of  complete  Coma  or  perfect  insensibility,  analogous  in  its  mode  of  access  and 
departure  to  that  which  is  known  as  the  "  Hysteric  Coma,"  and  (like  it)  usually  distinguish- 
able from  the  Coma  of  Cerebral  oppression  by  a  constant  twinkling  movement  of  the  eyelids, 
lu  this  condition,  severe  surgical  operations  may  be  performed,  without  any  consciousness  on 

:  the  part  of  the  patient;  and  it  is  not  unfrequently  found  that  the  state  of  torpor  extends  from 
'.  the  Cerebrum  and  Sensory  Ganglia  to  the  Medulla  Oblongata,  so  that  the  respiratory  move- 
r  ments  become  seriously  interfered-with,  and  a  state  of  partial  asphyxia  supervenes. 

2.  A  state  of  Somnambulism  or  Sleep-waking,  which  may  present  all  the  varieties  of  the 
r  natural  Somnambulism,  from  a  very  limited  awakening  of  the  mental  powers,  to  the  state  of 
I  complete  Double  Consciousness,  in  which  the  individual  manifests  all  the  ordinary  powers  of 

his  mind,  but  remembers  nothing  of  what  has  passed  when  restored  to  his  natural  waking 
;  state.    This  state  of  Somnambulism,  in  the  form  which  it  commonly  takes,  is  characterised 
i  by  the  facility  with  which  the  thoughts  are  directed  into  any  channel  which  the  observer  may 
•  desire,  by  the  principle  of  "suggestion;"  and  by  the  want  of  power,  on  the  part  of  the 
^  Somnambulist,  to  applj'  the  teachings  of  ordinary  experience  to  the  correction  of  the  erroneous 
ideas  wliich  are  thus  made  to  occupy  the  mind.    In  these  particulars,  this  condition  closely 
1  corresponds  with  that  of  the  Artificial  Somnambulism  or  '  hypnotism'  of  Mr.  Braid  (§  827); 
;  and  the  only  peculiarity  in  its  phenomena  which  can  be  regarded  as  at  all  essential,  consists 
in  the  special  relation  which  is  affirmed  to  exist  betweeii  the  mesmerizer  and  his  '  subject.' 
Now  in  regard  to  the  existence  of  this  rapport,  it  is  specially  note-worthy,  that  it  was  not 
discovered  until  long  after  the  practice  of  Mesmerism  had  come  into  vogue,  having  been  un- 
known to  Mesraer  himself  and  his  immediate  disciples;  and  that  its  phenomena  have  only 
acquired  constancy  and  fixity,  in  proportion  as  its  (supposed)  laws  have  been  announced  and 
received  as  established.    The  history  of  Mesmerism,  candidly  and  philosophically  analysed, 
affi)rds  abundant  evidence  in  proof  of  this  position  ;  but  the  best  guarantee  of  its  truth  is 
drawn  from  the  results  obtained  by  the  numerous  Mesmerizers,  who  have  begun  to  experi- 
ment for  themselves  without  any  knowledge  of  what  they  were  to  expect,  and  who  have 
produced  a  great  variety  of  remarkable  phenomena,  without  having  ever  discovered  this 
rappoi-t ;  and  yet  have  obtained  immediate  evidence  of  it,  when  once  the  idea  has  been  put 
into  their  own  minds,  and  thence  into  those  of  their  '  subjects.'    It  is  quite  easy  to  luider- 
stand,  that  if  the  mind  of  the  '  subject '  be  so  yielded-up  to  that  of  the  mesmerizer,  as  to 
receive  and  act-upon  any  impression  which  the  latter  forces-upon  or  even  suggests-to  it,  the 
notion  of  this  peculiar  relation  is  as  easily  communicable  as  any  other,  and  may  exert  a  com- 
plete domination  over  the  '  subject,'  through  the  whole  of  the  sleep-waking  state.    Thus  the 
commands  or  suggestions  of  the  mesmerizer  meet  with  a  response  which  those  of  no  other 
individual  may  produce;  in  fact,  the  latter  usually  seem  to  be  imheard  by  the  somnambule, 
simply  because  they  are  not  related  to  the  dominant  impression, — a  phenomenon  of  which 
the  experience  of  natural  somnambulism  is  continually  presenting  examples.    And  further,  it 
being  a  fact,  that  individuals  of  v/-hat  may  be  termed  the  susceptible  constitution,  have 
brought  themselves,  by  the  habit  of  obedience,  into  complete  subjection  to  the  expressed  or 
understood  will  of  some  other  party,  even  in  the  waking  state,  without  any  mesmeric  influ- 
ence whatever,  it  is  not  at  all  difficult  to  understand  how  such  a  habit  of  attending  to  the 
operator,  and  to  him  alone,  should  be  peculiarly  developed  in  the  state  of  Somnambulism, 
in  which  the  mind  seems  to  have  lost  its  self-acting  power,  and  to  be  the  passive  recipient  of 
external  impressions.    And  the  same  explanation  applies  to  the  other  phenomena  of  this 
rapport  ;  such  as  its  establishment  with  any  bystander,  by  ins  joining  hands  with  the  mes- 
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menzerand  the  somnambule;  for,  as  already  shown  (§  827),  it  is  quite  Bufficient  that  the 
somnarabule  should  be  previously  possessed  with  the  idea  that  this  new  voice  will  thus  be 
audible  to  her,  and  that  she  must  obey  its  behests,  for  it  to  produce  all  the  same  effects  upon 
her  as  that  of  the  mesmerizer  had  previously  done.  In  all  the  successful  experiments  of  this 
kind  which  the  Author  has  seen,  this  previous  idea  was  entertained,  both  by  mesmerizer  and 
somnambule;  but  in  by  far  the  larger  proportion  of  cases  which  have  fallen  under  his  notice, 
and  especially  when  the  subjects  of  them  were  not  habitudes  of  the  mesmeric  stances,  the 
phenomena  of  this  class  could  not  be  made  to  show  themselves,  the  consciousness  of  the 
somnambule  not  being  limited  to  the  mesmerizer  or  to  those  en  rapport  with  him,  but  being 
equally  extended  to  all  around  her. 

3.  A  frequent  phenomenon  of  this  condition,  and  one  which  has  its  parallel  in  Natural 
Somnambulism,  is  a  remarkable  Exaltation  of  one  or  more  of  the  Senses,  so  that  the  indivi- 
dual becomes  susceptible  of  influences,  which,  in  his  natural  condition,  would  not  be  in  the 
least  perceived.  The  Author  has  witnessed  a  case  in  which  such  an  exaltation  of  the  sense 
of  Smell  was  manifested ;  and  in  the  same  case,  as  in  many  others,  there  was  a  similar 
exaltation  of  the  sense  of  Temperature.  The  exaltation  of  the  Muscular  Sense,  by  which 
various  actions  that  ordinarily  require  the  guidance  of  vision,  are  directed  independently  of  it, 
is  a  common  phenomenon  of  the  '  mesmeric  '  with  various  other  forms  of  artificial  as  well  as  of 
natural  Somnambulism.  The  Author  has  repeatedly  seen  Mr.  Braid's  '  hypnotized  '  subjects 
write  with  the  most  perfect  regularity,  when  an  opaque  screen  was  interposed  between  tlieir 
eyes  and  the  pnper,  the  lines  being  equidistant  and  parallel  ;  and  it  is  not  uncommon  for  the 
writer  to  carry  back  his  pen  or  pencil  to  dot  an  i  or  cross  a  t,  or  make  some  other  correction 
in  a  letter  or  word.  Mr.  B.  had  one  patient  who  would  thus  go  back  and  correct  with 
accuracy  the  writing  on  a  whole  page  of  note-paper ;  but  if  the  paper  was  moved  from  the 
position  it  had  previously  occupied  ,on  the  table,  all  the  corrections  were  on  the  wrong  points 
of  the  paper  as  regarded  the  actual  place  of  the  writing,  though  on  the  rlffJit  points  aa 
regarded  its  previous  place  ;  sometimes,  however,  he  would  take  a  fresh  departure,  by  feeling 
for  tlie  upper  left  hand  corner  of  the  paper,  and  all  his  corrections  were  then  made  in  their 
right  positions,  notwithstanding  the  displacement  of  the  paper. — To  the  extraordinary  exalta- 
tion of  one  or  more  of  the  senses,  which  is  a  characteristic  of  this  state,  may  fairly  he 
attributed  a  great  number  of  the  phenomena  which  have  been  supposed  to  indicate  a  peculiar 
and  mysterious  influence  exerted  by  the  mesmerizer  over  his  subject  ;  since  the  latter  will  be 
far  more  receptive  of  '  suggesting  '  impressions,  than  an  ordinary  bystander  would  suppose 
possible.  And  it  is  to  be  borne  in  mind,  that  the  concentration  of  the  attention  upon  these 
may  often  give  them  a  far  greater  significance  to  the  individual,  than  they  possess  for  others ; 
this,  it  seems  likely,  is  especially  the  case  in  regard  to  tones  of  voice,  emphasis  of  manner, 
&c.,  when  questions  are  propounded. 

4.  The  Muscular  system  may  also  be  excited  to  action  in  unusual  modes,  and  with  un- 
usual energy.  Notwithstanding  the  fallacy  of  many  of  the  cases  of  Catiileptic  rigidity  which 
have  been  publicly  exhibited,  the  Author  is  satisfied,  from  investigations  privatelj"-  made,  of 
the  possibility  of  artificially  inducing  this  condition.  A  slight  irritation  of  the  muscles 
themselves,  or  of  the  skin  which  covers  them, — as  by  drawing  the  points  of  the  fingers  over 
them,  or  even  wafting  currents  of  air  over  the  surface, — is  sufficient  to  excite  the  tonic  mus- 
cular contraction,  which  may  continue  in  sufficient  force  to  suspend  a  considerable  weight, 
for  a  longer  period  than  it  could  be  kept  up  by  any  conceivable  effort  of  voluntary  power. 
But  these  are  phenomena  which  are  quite  as  well  displayed  in  Artificial  Somnambulism 
induced  in  other  ways,  as  they  are  in  the  '  mesmeric'  state;  and  do  not  afford,  therefore,  any 
more  than  the  preceding,  the  slightest  indication  of  the  speciality  of  the  latter,  or  the  least 
proof  of  any  extraneous  influence  exerted  over  the  '  subject.' 

5.  Various  effects,  it  is  asserted,  may  be  produced  upon  the  Organic  Functions  by  '  Mes- 
meric' influence;  and  it  is  on  account  of  this  agency,  that  it  claims  to  be  admitted  as  a 
directly-curative  agent.  It  will  be  hereafter  shown,  however,  that  effects  of  a  precisely 
similar  kind  may  be  produced  in  other  forms  of  Artificial  Somnambulism,  by  simply  fixing 
the  attention  on  tlie  part ;  and  that  the  same  may  be  done,  even  in  the  ordinary  waking 
state,  in  certain  subjects  who  can  be  worked-up  to  the  requisite  pitch  of  confident  expecta- 
tion (See  CHAP.  XVIII.). 

The  foregoing  are  the  principal  phenomena  of  the  '  Mesmeric'  state,  in  regard  to  which 
the  Author  feels  his  mind  made  up.  He  does  not  see  why  any  discredit  should  be  at- 
tached to  them,  since  they  correspond  in  all  essential  particulars  with  those  of  states,  which 
naturally  or  spontaneously  occur  in  many  individuals,  and  which  he  has  had  opportunities  of 
personally  observing,  in  cases  in  which  the  well-known  characters  of  the  parties  placed  them 
above  suspicion.  When  the  facility  with  which  the  mind  of  the  Somnambulist  is  playcd-on 
by  suggestions  (conveyed  either  in  language,  or  through  other  sensations  which  excite  asso- 
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uited  ideas),  and  the  absence  of  the  corrective  power  ordinarily  supplied  by  past  experience, 
re  duly  kept  in  view,  many  of  the  supposed  "  higher  phenomena  "  of  Mesmerism  may  be 
,  ounted  for,  without  regarding  the  patient  on  the  one  hand  as  possessed  of  extraordinary 
vers  of  divination,  or  on  the  other  as  practising  a  deception.    Thus,  bearing  in  mind 
It  Somnambulism  is  an  acted  dream,  the  course  of  which  is  governed  by  external  impres- 
ts, it  is  easy  to  understand  how  the  subject  of  it  may  be  directed  by  leading  questions  to 
liter  buildings  which  he  has  never  seen,  and  to  describe  scenes  which  he  has  never  wit- 
ssed,  without  any  intentional  deceit.    The  love  of  the  marvellous  so  strongly  possessed 
many  of  the  witnesses  of  such  exhibitions,  prompts  them  to  grasp-at  and  to  exaggerate 
coincidences  in  all  such  performances,  and  to  neglect  the  feilures ;  and  hence  reports 
.  given  to  the  public,  which,  when  the  real  truth  of  them  is  known,  prove  to  have  been 
e  results  of  a  series  of  guesses,  the  correctness  of  which  is  in  direct  relation  to  the  amount 
iTuidance  afforded  by  the  questions  themselves.    In  like  manner,  the  manifestations  of  the 
citement  of  the  "  phrenological  organs"  seem  to  depend  upon  the  conveyance  of  a  sug- 
-tion  to  the  patient,  either  through  his  knowledge  of  theii-  supposed  seat,  or  through  the 
.  .iticipations  expressed  by  the  by-standers.    Many  instances  are  recorded,  in  which  the 
intention  has  been  stated  of  exciting  one  organ,  whilst  the  finger  has  been  placed-upon  or 
lH)inted-at  another ;  and  the  resulting  manifestation  has  always  been  that  which  would  flow 
iiom  the  former.    It  does  not  hence  follow  that  intentional  deception  is  being  practised  by 
the  Somnambulist;  since  the  condition  of  mind  already  referred-to,  causes  it  to  respond  to 
the  suggestion  which  is  most  strongly  conveyed  to  it. 

In  regard  to  the  alleged  powers,  which  are  said  to  be  possessed  by  many  Somnambulists, 
of  reading  with  the  eyes  completely  covered,  or  of  discerning  words  inclosed  in  opaque 
boxes,  or  of  giving  an  account  of  what  is  taking  place  at  a  distance,  all  coming  under  the 
.  general  term  Clairvoyance,  the  Author  need  only  here  express  his  conviction  that  no  case  of 
1.  this  description  has  ever  stood  the  test  of  a  searching  investigation. 

With  respect  to  the  modes  in  which  the  '  Mesmeric'  Somnambulism  is  induced,  it  appears 
t  to  him  that  they  are  all  referable  to  those  states  of  monotony  of  sensory  impressions,  and  of 
expectaiion,  to  which  reference  has  been  already  made  as  among  the  most  potent  of  the  pre- 
.  disposing  causes  of  conditions  allied  to  Sleep  (§  843).    It  is  asserted  by  Mesmerizers,  that 
'  they  can  induce  the  '  Mesmeric '  state  from  a  distance,  without  the  least  consciousness  on  the 
i  part  of  their  '  subjects '  that  any  influence  is  being  exerted  on  them, — an  assertion,  which,  if 
I  true,  would  go  far  to  establish  the  existence  of  a  force  altogether  sui  generis,  capable  of  being 
■  transmitted  from  one  individual  to  another.    Here,  however,  as  in  regard  to  the  '  higher 
phenomena'  last  adverted-to,  the  Author  feels  compelled  to  state  that  no  evidence  of  an 
affirmative  kind  has  yet  been  adduced,  which  can  be  in  the  least  degree  satisfactory  to  a 
:  scientific  inquirer,  who  duly  appreciates  all  the  sources  of  fallacy  to  which  these  occurrences 
.  are  open.    Among  these,  the  state  of  expectation  on  the  part  of  the  '  subject '  is  the  most 
important ;  since  this  has  been  shown,  by  repeated  experiments,  to  be  of  itself  quite  suffi- 
cient to  induce  the  state,  when  the  '  subject'  has  been  led  to  entertain  it ;  whilst,  if  it  be 
altof/etlier  wanting,  the  most  powerful  mesmeric  influence,  so  far  as  the  Author's  personal 
knowledge  extends  (and  on  this  subject,  he  must  be  excused  for  trusting  rather  to  the  results 
of  his  own  investigations,  than  to  the  statements  of  other  individuals,  however  trustworthy  on 
ordinary  matters),  has  always  failed.    A  very  striking  instance  of  this  kind  is  contained  in 
the  "  Brit,  and  For.  Med.  Rev.,"  vol.  xix.  p.  478,  in  an  Article  to  which  the  Author  may 
refer  as  on  the  whole  expressing  (although  not  written  by  himself)  his  own  opinions  on  this 
curious  and  interesting  subject ;  strengthened  as  these  are  by  much  subsequent  inquiry  into 
the  phenomena  of  '  Hypnotism  '  and  '  Electro-Biology,'  the  attentive  and  scientific  study  of 
which  will  tend,  he  feels  assured,  to  eliminate  the  true  from  the  false  in  Mesmerism,  more  effec- 
tually than  any  other  method  of  procedure.   Much  has  been  done  by  the  inquiries  of  Mr.  Braid 
of  Manchester,  who  discovered  the  '  hypnotic'  mode  of  inducing  Artificial  Somnambulism,  and 
who  has  carefully  studied  the  phenomena  of  the  hypnotic  state  ;  and  the  Author  feels  it  due 
to  that  gentleman  further  to  mention,  that  very  soon  after  the  publication  of  the  first  edition 
of  Baron  Reichenbach's  researches  on  Odyle,  Mr.  Braid  discovered  their  true  explanation, 
and  exhibited  to  the  Author  many  of  the  '  odylic '  phenomena,  as  the  results  of  sugycslioii  in 
certain  individuals,  whom  he  had  discovered  to  have  the  power  of  voluntarily  inducing  a  state 
of  Abstraction  or  artificial  reverie,  closely  corresponding  to  what  is  now  termed  the  Electro- 
Biological  condition. 

On  the  whole  subject  of  Sleep  and  its  allied  states,  as  well  as  on  that  of  Cerebral  Phy- 
siology generally,  the  Author  would  strongly  recommend  his  readers  to  study  Dr.  Holland's 
"  Chapters  on  Mental  Physiology  ;"  in  which  they  will  find  a  most  valuable  and  suggestive 
collection  of  facts  and  doctrines,  based  upon  an  extended  practical  experience,  and  brought  to 
bear  particularly  upon  the  more  difficult  and  recondite  portions  of  the  inquiry. 
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6.  Of  the  Sympathetic  System,  and  its  Functions. 

846.  That  collection  of  scattered  but  mutually-connected  ganglia  and 
nerves,  which  altogether  constitute  what  is  now  generally  designated  the 
Sympathetic  System,  maybe  ranged  under  the  following  groups  : — 1.  The 
isolated  ganglia  and  nerves  in  immediate  connection  with  the  viscera, 
which  seem  to  be  the  chief  centres  of  the  system  ;  these  form  three  prin- 
cipal plexuses,  the  cardiac,  the  solar,  and  the  hyjoogastric.  2.  The  double 
chain  of  2^revertehral  ganglia,  with  connecting  cords,  which  lies  in  fi'ont  of 
the  Vertebral  column,  and  communicates  on  the  one  hand  with  the  spinal 
nerves,  and  on  the  other  with  the  before-named  plexuses.  Under  this 
head  we  should  probably  rank  the  minute  cranial  ganglia,  which  are  situ- 
ated in  the  neighbourhood  of  the  Organs  of  Sense,  and  in  immediate  con- 
nection with  the  branches  of  the  5th  Pair  that  proceed  to  them ;  these 
are  the  ophthalmic,  otic,  sjyheno-jmlatine,  and  submaxillary  ganglia.  3.  The 
ganglia  on  the  posterior  roots  of  the  Spinal  nerves ;  under  which  head  we 
are  probably  to  rank  not  only  the  Gasserian  ganglion  of  the  5th  Pair,  but 
also  the  ganglia  neai-  the  roots  of  the  Pneumogastric  and  Glosso-pharyn- 
gcal  nerves.  —  The  trunks  of  the  Sympathetic  are  made-up  of  different 
orders  of  fibres;  some  of  these  being  derived  from  the  Cerebro-Spinal 
system,  whilst  others  have  their  central  termination  in  the  vesicular 
matter  of  the  Sympathetic  ganglia  themselves. — These  last,  which  ai-e  all 
of  the  'gelatinous'  kind  (§  339),*  are  most  abundant  in  the  great  visceral 
plexuses;  but  they  may  be  traced  from  the  prevertebral  ganglia  into  the 
spinal  nerves,  where  they  are  reinforced  by  the  fibres  which  have  their 
centres  in  the  ganglia  of  the  posterior  roots.  Thus  it  appears  that  the 
Cerebro-Spinal  and  Sympathetic  systems  interpenetrate  one  another; 
each  having  its  own  series  of  ganglionic  centres  and  of  trunks  connected 
with  them ;  but  each  system  transmitting  its  own  fibres  into  the  trunks 
of  the  other,  and  even  ganglia  of  the  Sympathetic  being  dispersed  among 
the  Cerebro-spinal  tubules. 

847.  It  is  in  virtue  of  the  connections  of  the  Sympathetic  with  the 
Cerebro-spinal  system,  that  the  parts  which  are  solely  supplied  with 
nerves  from  the  former,  are  capable  of  transmitting  sensory  impressions 
to  the  Sensorium,  and  of  receiving  motor  impulses  fi-om  the  Encephalic 
centres.  It  is  true  that,  under  ordinary  circumstances,  these  parts  are 
insensible,  that  is,  impressions  made  upon  them  do  not  travel  onwards 
through  the  Spinal  Cord  to  the  Encephalon;  but  their  sensibility  is 
acutely  manifested  in  morbid  states,  in  which  the  impressions  seem  to  be 
propagated  further  than  usual,  in  virtue  of  their  gi-eater  potency.  That 
it  is  the  ofiice  of  the  ganglia  on  the  roots  of  the  Spinal  neiwes  to  "  cut 
off  sensation,"  that  is,  to  prevent  the  further  transmission  of  sensory 
impressions,  is  an  old  doctrine ;  and  there  seems  much  reason  to  believe 
that  this  may  be  effected  by  the  free  communication  between  one  fibre 
and  another,  which  is  established  through  the  vesicular  substance  of  a 
ganglion,  so  that  the  whole  force  of  ordinary  impressions  on  the  nerve- 
fibres  is  lost  in  diffusion  among  the  rest  of  their  contents.    The  same 

*  It  must  be  carefully  borne  in  mind,  tliat,  although  the  proper  Sympathetic  fibres  are 
all  gelatinous,  yet  that  the  Cerebro-Spinal  system  contains  gelatinous  fibres  of  its  own, 
which  are  very  abundant  in  some  parts. 
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•fiuciple  seems  to  apply  to  the  motor  fibres ;  for  there  are  cases  which 
.how  that  when  fibres  obviously  belonging  to  Cerebro-spinal  nerves  pass 
hrongh  Sympathetic  ganglia,  they  do  not  so  rapidly  or  so  sm-ely  transmit 
iiotor  impulses,  as  when  they  have  no  such  relation  to  ganglia.* — 
Vlthough  it  is  not  easy  to  obtain  definite  evidence  of  the  influence  of  the 
^vmpathetic  system  on  Muscular  Contraction,  since  this  influence  is 
I  \tinguished  within  a  short  time  after  death,  yet  it  has  been  established 
i  .y  the  elaborate  researches  of  Prof  Valentin  f  that  contractions  of  the 
\  arious  muscular  parts  supplied  by  the  three  great  visceral  plexuses  may 
1  )0  excited  by  irritation  applied  to  their  nerves  and  ganglia.    But  he  has 
further  shown,  that  the  same  efiects  may  be  produced  by  irritating  the 
I'revertebral  ganglia,  the  cords  of  communication  with  the  Spinal  nerves 
which  have  been  sometimes  termed  the  o'oots  of  the  Sympathetic,  and  the 
roots  of  the  Spinal  nei-ves  themselves.    It  results  from  his  inquiries,  that, 
although  any  particular  division  of  the  Sympathetic  nerve  must  be 
regarded  as  extremely  complex  in  its  relations,  deriving  its  motor  fibres 
:  from  many  diflerent  sources,  the  ultimate  distribution  of  these  fibres  is 
-  suSiciently  simple,  so  that  each  organ  is  definitely  supplied  from  a  certain 
!  part  of  the  cerebro-spinal  axis.    But  the  fibres  proceeding  from  the  roots 
of  the  cerebro-spinal  nerves  do  not  pass  into  the  nearest  organs,  being 
;  transmitted  through  three  or  more  of  the  prevertebral  ganglia  of  the 
Sympathetic  before  reaching  their  ultimate  destination ;  thus  the  motor 
t  fibres  of  the  cardiac  plexus  are  principally  derived  from  the  cervical 
1  portion  of  the  Spinal  Cord,  those  of  the  solar  plexus  from  the  thoracic 
[;  region,  and  those  of  the  hypogastric  plexus  from  the  dorsal  region.  No 
k  experimental  evidence  has  yet  been  afforded,  that  the  fibres  of  the 

»  Sympathetic  System  have  any  power  of  exciting  muscular  contraction,  or 
!  that  its  ganglia  can  serve  as  centres  of  reflex  action  to  the  organs  which 
I  they  supply;  on  the  contrary,  it  is  quite  cer.tain  that  the  ganglia  in  the 
!  posterior  roots  of  the  Spinal  nerves  have  no  such'  endowment.  And  as  all 
the  facts  which  have  been  supposed  to  indicate  the  existence  of  such  a 
power,  may  be  otherwise  explained  in  accordance  with  our  fundamental 
doctrine  (§§  432-3,  497-8),  it  seems  fair  to  conclude  that  the  motor 
power  of  the  Sympathetic  system,  —  which  is  chiefly  exercised  on  the 
muscular  substance  of  the  heart  and  the  walls  of  the  blood-vessels,  on  the 
muscular  coat  of  the  alimentary  canal  and  of  the  larger  gland-ducts  that 
open  into  it,  and  on  the  muscular  walls  of  the  genito-urinary  organs, —  is 
entirely  derived  from  the  Cerebro-Spinal  system.  In  no  instance,  how- 
ever, can  the  Will  exert  any  influence  over  the  movements  of  these  parts ; 
they  are  strongly  affected  by  emotional  states  of  mind ;  and  they  fre- 
quently seem  to  respond  to  impressions  made  on  remote  organs.  One  of 
the  most  remarkable  cases  of  a  definite  motion  uniformly  excited  through 
the  Sympathetic  system,  is  the  dilatation  of  the  jmpil,  which,  after  many 
imperfect  attempts  to  determine  its  source,  has  now  been  shown  by  the 
experiments  of  MM.  Budge  and  Waller  to  be  effected  through  the  cervical 
portion  of  the  Sympathetic.  For  whilst  irritation  of  the  trunk  of  the 
cervical  Sympathetic  by  means  of  the  magneto-electric  machine,  produces 
dilatation  of  the  pupil  with  just  as  much  certainty  as  irritation  of  the 

*  See  Messrs.  Kirkes  and  Paget's  "  Handbook  of  Physiology,"  2nd  edit.,  p.  471. 
t  "De  Functionibus  Nervorum  Cerebralium  ct  Nervi  Sympathici,"  Bern;©,  1839  •  lib  ii 
cap.  2.  >      •  • 
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3rd  pair  determines  its  contraction,  section  of  that  trunk  occasions  per- 
manent contraction  of  the  pnpil,  the  action  of  the  3rd .  pair  being  no 
longer  antagonized.  Bnt  this,  lilce  the  other  motor  powers  of  the  Sympor 
thetic,  is  dependent  upon  the  Sj)inal  Cord ;  for  magneto-electric  irritation 
of  any  part  of  it  between  the  first  cervical  and  the  sixth  dorsal  vertebra 
produces  the  same  eflFect,  which  is  most  decided  when  the  irritation  is 
applied  to  the  central  part  of  this  region.  It  appears  from  other  experi- 
ments, that  the  fibres  by  which  this  movement  is  efiFected  pass  through 
the  Gasserian  ganglion,  and  are  distributed  to  the  eye  by  the  ophthalmic 
branch  of  the  5th  Pan-.* 

848.  If,  then,  the  sensori-motor  endowments  of  the  Sympathetic  tmnks 
be  restricted  to  those  fibres  which  are  really  Cerebro-Spinal  in  then- 
origin  or  termination,  it  remains  to  inquu'e  what  are  the  functions  of  the 
true  Sympathetic  fibres,  whose  vesicidar  centres  lie  in  the  ganglia  of  the 
Sympathetic  System.  Upon  this  point  we  can  only  surmise ;  but  there 
appears  strong  ground  for  the  conclusion,  that  the  office  of  these  fibres  is 
to  produce  a  direct  influence  upon  the  chemico-vital  processes  concerned 
in  the  Organic  Functions  of  nutrition,  seci'etion,  (fee. ;  an  influence  which, 
although  not  essential  to  the  performance  of  each  separate  act,  may  yet 
be  required  to  harmonize  them  all  together,  and  to  bring  them  into  con- 
nection with  mental  states.  That  the  Nervous  System  does  exert  such 
an  agency  will  be  hereafter  shown  (chap,  xviii.)  ;  and  reasons  will  there 
be  assigned  for  regarding  the  Sympathetic  fibres  as  its  principal,  if  not  as 
its  sole  channel. 

7.  General  Eecapitulation,  and  Pathological  Ajjplications. 

849.  In  summing-up  the  views  which  have  been  propounded  in  this 
Chapter,  with  regard  to  the  functions  of  the  Nervous  System,  it  will  be 
advantageous  to  follow  the  reverse  order  to  that  which  has  been  previ- 
ously adopted,  and  to  proceed  from  above  downwards,  instead  of  fi'om 
below  upwai'ds. 

I.  The  entire  Nervous  System,  like  other  organs  of  the  body,  possesses 
vital  endowments  peculiar  to  itself,  in  virtue  of  which  it  tends  to  respond 
in  a  determinate  manner  to  impressions  made  upon  it;  its  several  parts 
being  distinguished  by  the  results  of  impressions  acting  upon  each 
respectively.  In  so  far,  then,  as  any  part  of  the  Nervous  System  merely 
reacts  upon  impressions  which  are  made  upon  it,  we  must  i-egard  its 
operations  as  automatic;  and  this  as  much  when  they  give  rise  to  Psy- 
chical changes,  as  when  they  manifest  themselves  in  evoking  Muscular 
moveiuents,  or  in  modifying  the  processes  of  Nutrition  and  Secretion. 

II.  But  the  automatic  actions  of  most  parts  of  the  Nervous  System  are 
subject,  more  or  less  completely,  to  the  domination  of  the  Will,  a  power 
which  is  piurely  Psychical,  and  of  which  we  know  nothing  but  what  we 
learn  fr-om  our  own  direct  consciousness  of  its  exercise.  The  power  of 
the  Will  is  the  greatest  over  the  automatic  actions  of  the  highest  por- 
tions of  the  Nervous  Centres,  which  are  concerned  in  psychical  changes ; 
whilst  it  has  the  least  inflvience  over  the  automatic  actions  of  those  lower 
centres,  which  minister  solely  to  the  functions  of  the  bodily  organism. 

*  See  "  Gazette  Medicale,"  1851,  Nos.  41,  44. 
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III.  The  Cerehmm  is  the  material  organ,  throvigh  whose  instrumentahty 
all  the  processes  of  Thought  are  carried  on.  These  processes  are  first 
called  into  activity  by  impressions  conveyed  to  the  vesicular  matter  of 
the  Cerebral  surface,  by  ascending  nerve-fibres  which  proceed  to  it  from 
the, Sensory  Ganglia;  and  the  influence  of  that  activity  is  re-transmitted 
to  the  Sensory  Ganglia  by  a  converse  set  of  descending  fibres.'''  There  is 
much  reason  to  consider  that,  until  such  re-transmission  has  taken  place, 
the  consciousness  is  not  so  affected  by  Cerebral  changes  as  to  give  to  the 
results  of  these  changes  a  i^sycliical  character  j  for  the  central  Sensorium 
appears  to  stand  in  precisely  the  same  anatomical  and  physiological  rela- 
tion to  the  vesicular  matter  of  the  Cerebral  surface,  that  it  does  to  the 
vesicular  matter  of  the  Retina  or  other  peripheral  exj)ansions  of  the  Sen- 
sory nerves;  and  there  is  strong  analogical  ground  for  the  belief,  that  the 
process  by  which  the  Mind  is  rendered  conscious  of  changes  in  the  Cere- 
brum, is  perfoi-med  by  the  same  instrumentality  as  that  by  which  it  is 
made  acquainted  with  impressions  on  the  Organs  of  Sense.  And  this 
view  is  confirmed  by  the  fact,  that  automatic  changes  may  take  place  in 
the  Cerebiaim,  without  any  consciousness  on  our  own  parts,  the  results  of 
which,  when  we  are  at  last  made  conscious  of  them,  correspond  with 
those  that  we  ordinarily  attain  by  processes  whose  successive  steps  excite 
as  many  successive  states  of  consciousness. 

IV.  These  Cerebral  changes,  then,  acting  downwards  upon  the  Senso- 
rium, give  rise  to  those  changes  in  our  consciousness  which  we  designate 
as  Mentcd  Processes.  These  processes, —  called  into  activity  by  Sensorial 
changes, — ranging  from  the  simple  act  of  Perception  to  the  highest  oper- 
ations of  Intellectual  power, —  consisting  also  in  the  play  of  Fancy  and 
Imagination,  and  including  those  active  states  known  as  Passions,  Emo- 
tions, Moral  Feehngs,  Sentiments,  <fec.,  —  must  be  regarded  as  essentially 
automatic  in  their  nature,  and  as  the  manifestations  of  the  '  reflex'  acti^dty 
of  the  Cerebrum ;  since  we  have  abundant  evidence  that  they  can  take 
place  without  any  self-direction  on  the  part  of  the  individual,  who,  whilst 
his  Will  is  in  abeyance,  is  in  the  condition  of  an  animal  entirely  governed 
by  Instinct.  There  is,  however,  far  less  of  uniformity  in  these  'reflex 
actions'  of  the  Cerebrum,  than  we  observe  in  those  reflex  actions  of  other 
parts  of  the  Nervous  System,  which  give  rise  to  the  movements  ordina- 
rily designated  as  instinctive ;  this  diversity  seems  partly  attributable  to 
differences  in  the  original  constitution  of  different  individuals  ;  but  it  is 
certainly  due  in  great  part  to  differences  in  the  acquired  constitution  of 
the  organ,  aa-ising  out  of  the  mode  in  which  it  has  been  habitually  exer- 
cised,—  this  being  dependent,  on  the  one  hand,  on  the  circumstances  in 
which  the  individual  has  been  placed;  and,  on  the  other,  on  the  use  he 
has  made  of  his  Will. 

V.  When  the  power  of  the  Will  has  been  duly  cultivated,  it  acquu'es  so 
complete  a  domination  over  the  automatic  actions  of  the  Cerebrum,  that 
it  can  regidate  the  course  of  thought  and  the  degree  of  emotional  excite- 

_  *  The  structural  distinctness  of  these  two  sets  of  fibres  must  be  admitted  to  be  hypothe- 
tical, and  it  is  improbable  that  any  anatomical  evidence  can  ever  be  attained,  by  which  the 
hypothesis  may  bo  established.  But  all  the  analogy  of  the  afferent  and  efferent  fibres 
throughout  the  body,  is  opposed  to  the  idea  that  the  same  fibres  can  serve  both  purposes. 
Whatever  may  be  thought  of  their  structural  distinctness,  however,  there  can  be  no  reason- 
able doubt  of  the  transmission  of  nerve-force  in  the  two  directions  above  indicated. 
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ment ;  intensifying  some  of  these  actions,  and  repressing  others,  by  deter- 
minate efforts  directed  with  a  special  purpose.  Its  power  is  so  far 
limited,  however,  —  that  it  can  only  select  from  the  objects  which  sponta- 
neously present  themselves  to  the  consciousness,  those  which  it  desires  to 
retain  and  employ ;  and  has  no  direct  power  of  bringing  before  the  mind 
any  object  not  actually  present  to  it.  Hence  it  is,  that,  whilst  we  have 
an  almost  unlimited  power  of  turning  to  the  best  accoimt  the  endow- 
ments we  possess,  by  strengthening  our  intellectual  powers,  expanding 
om'  higher  emotional  tendencies,  and  bringing  the  lower  vmder  wholesome 
restraint,  we  cannot,  by  any  effort  of  the  Will,  introduce  new  elements  into 
our  psychical  natm'e.* 

VI.  The  power  of  the  Cerebrum  to  call-forth  musculai'  movements,  is 
entirely  exerted  through  the  intermediation  of  the  Cranio-Spinal  Axis 
upon  which  it  is  supei'imposed ;  no  motor  fibres  directly  issuing  from  the 
Cerebrum  itself.  These  movements,  when  directly  determined  by  the 
Will,  may  be  designated  as  Volitional;  when  they  are  involuntai-ily 
excited  by  states  of  passion,  feeling,  &c.,  of  which  they  are  the  external 
expressions,  they  are  distinguished  as  Emotional ;  and  when  they  are 
promjited,  in  the  absence  of  any  volitional  exertion,  by  dominant  ideas, 
they  may  be  termed  Ideational.  In  each  case,  the  nerve-force  trans- 
mitted downwards  from  the  Cerebrum  appears  to  produce  the  very  same 
state  of  activity  in  the  Sensori-motor  apparatus,  as  that  which  may  be 
directly  excited  in  it  by  impressions  transmitted  from  the  Organs  of 
Sense  ;  and  thus  the  same  instrumentality  serves  for  all  classes  of  move- 
ments, vohmtary  and  involuntary ;  tlie  difference  in  their  character  being 
solely  referable  to  the  diversity  of  their  primal  source. 

VII.  The  Cerebrum  being  the  instrument  of  all  psychical  activity,  we 
must  regard  its  action  as  disordered  in  every  state  in  which  that  activity 
is  perverted.  The  first  degree  of  departure  from  the  normal  state,  is 
usually  shown  in  the  want  of  Volitional  control  over  the  sequence  of 
thought ;  and  this  may  exist  merely  to  the  extent  of  giving  the  reflex 
power  of  the  organ  too  great  a  predominance,  so  that  trains  of  thought 
and  states  of  feeling  succeed  each  other  automatically,  and  all  the  actions 
of  the  individual  are  simply  the  expressions  of  these.  Such  is  the  mental 
state  which  exists  in  Reverie  and  in  Sovmamhulism,  natiu-al  or  induced ; 
the  principal  varieties  in  these  states  being  traceable  to  the  relative 
degree  of  influence  of  ideas  already  fixed  in  the  mind,  and  of  external 
suggestions,  in  determining  the  course  of  thought.  It  is  to  be  remarked 
in  regai-d  to  these  conditions,  however,  that  they  ai-e  generally  charac- 
terized by  a  somewhat  inactive  state  of  the  Cerebrum,  so  that  the  changes 

•  No  one  has  ever  acquired  the  creative  power  of  genius,  or  made  himself  a  great  artist  or 
a  great  poet,  or  (/azVier/ ;:)?-ad2C0  that  peculiar  insight  which  characterizes  the  original  dis- 
coverer ;  for  these  gifts  are  mental  instincts  or  intuitions,  which  may  be  developed  and 
strengthened  by  due  cultivation,  but  which  can  never  be  generated  de  novo.  It  not  unfre- 
quently  happens,  however,  that  the  gift  lies  dormant,  until  some  appropriate  impression 
excites  it  into  activity.  Such  is  especially  the  case  with  regard  to  the  higher  Moral  Feelings, 
which  are  too  often'  so  completely  repressed  by  the  degrading  influences  under  which  the 
youthful  mind  expands  itself,  that  they  might  be  considered  as  altogether  wanting.  Though 
dormant,  however,  they  are  rarely  extinct,  and  may  be  called  into  activity  by  appropriate 
management.  It  has  been  by  faith  in  this  principle,  and  by  skill  in  its  application,  tliat 
those  have  achieved  the  greatest  success,  who  have  recently  devoted  themselves  to  the  much- 
needed  work  of  Juvenile  Reformation.    (Sec  "  Reformatory  Schools,"  by  Mary  Carpenter.; 
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in  the  state  of  consciousness  ai'e  not  rapid,  but  such  as  do  occur  are 
coherent.*  In  Dreaming,  Delirium,  and  the  artificial  Dehrium  of  Intoxi^ 
cation,  on  the  other  hand,  with  a  hke  absence  of  the  directing  and  restrain- 
ing power  of  the  Will,  there  is  a  greater  and  more  irregular  activity  in 
the  Cerebral  operations,  the  ideas  presenting  themselves  in  far  more  rapid 
succession,  and  possessing  a  less  perfect  mutual  coherence. 

VIII.  The  foregoing  states  are  closely  allied  to  Insanity ;  many  forms 
of  wliich  may  be  almost  exactly  paralleled  by  transient  states  of  Somnam- 
bulism, whilst  others  are  but  a  modification  of  Delkium.  A  deficiency 
or  entire  absence  of  the  controlling  power  of  the  Will  is  the  common 
feature  of  all  forms  of  this  disorder,  and  is  frequently  its  first  manifesta- 
tion. But  Insanity  is  essentially  constituted  by  excessive,  deficient,  or 
perverted  activity  of  some  one  or  more  of  the  automatic  tendencies,  and 
must  thus  be  regarded  as  consisting  in  a  disordered  action  of  the  Cere- 
brum. This  may  be  traced  to  a  great  variety  of  causes,  which  may  be 
classified  in  different  ways,  according  as  we  take  their  own  nature  or  their 
modus  operandi  as  the  basis  of  om-  arrangement.  Thus  it  is  unques- 
tionable that  in  a  large  proportion  of  cases  of  settled  Insanity,  there  is  an 
impaii-ment  of  the  due  Nutrition  of  the  Cerebrum;  and  this,  which  is 
often  an  hereditary  defect,  may  arise  de  novo,  like  abnormal  changes  in 
the  nutrition  of  other  parts  (chap,  xl),  from  deficiency  or  perversion  in 
the  formative  power  of  the  tissue,  or  from  an  imperfect  supply  or  from 
an  altered  chai-acter  of  its  pabulum.  Of  the  influence  of  deficient  or 
perverted  formative  power  in  the  tissue,  we  have  examples  in  the  Insanity 
resulting  fi-om  mechanical  injuries  of  the  brain,  and  from  excessive  '  wear ' 
of  the  organ  by  forced  activity.  Of  the  effects  of  deterioration  in  the 
character  of  the  blood,  we  have  illustrations  in  the  Insanity  that  is  often 
linked-on  with  constitutional  diseases  of  which  such  deterioration  is  a 
marked  feature,  and  in  that  which  is  so  frequent  a  consequence  of  habi- 
tual excess  in  the  use  of  Alcoholic  liquors.  These  conditions  may  exist 
in  combination  ;+  and  it  is,  probably,  by  such  a  combination,  that  many 
of  the  *  moral  causes'  of  Insanity  operate.  For  there  can  be  little  doubt 
that  Emotional  excitement,  from  its  immediate  relation  to  Nerve-force 
(§  80-5),  has  a  direct  influence  on  the  formative  capacity  of  the  Cerebrum ; 
whilst,  on  the  other  hand,  we  know  that  it  has  so  great  an  influence  over 
the  Organic  functions,  that  it  can  produce  very  serious  alterations  in  the 

*  In  most  forms  of  induced  Somnambulism,  it  appears  as  if  the  mental  activity  is  only 
Bustained  by  external  prompting,  all  spontaneous  activity  being  suspended  ;  for  the  '  subject ' 
continually  relapses  into  a  state  of  unconsciousness,  and  does  not  pass  from  one  subject  to 
another  unless  induced  to  do  so  by  '  leading  qiiestions.'  In  some  cases  of  tliis  kind,  how- 
ever, as  well  as  in  all  those  forms  of  natural  Somnambulism  in  which  the  individual  acts  on 
the  spontaneous  promptings  of  his  own  thoughts,  the  mental  state  is  one  of  continuous 
activity;  but  it  is  obvious  that  its  operations  are  slow,  and  arc  very  limited  in  their  nature. 

+  Thus  Delirium  tremens,  which  may  be  regarded  as  a  form  of  temporary  Insanity,  csscn- 
ti.illy  consisting  in  perverted  and  imperfect  nutrition  of  the  Cerebram,  seems  ordinarily 
dependent  conjointly  upon  the  excessive  and  irregular  activity  to  which  the  organ  has  been 
previously  forced,  and  on  the  alteration  of  the  normal  character  of  the  Blood  produced  by  the 
habitual  presence  of  Alcohol  in  its  current ;  but  it  is  well  known  that  Delirium  tremens  7)iay 
occur  as  the  result  of  other  agencies  that  primarily  depress  the  nutritive  powers  without 
perverting  the  blood ;  such  as  excessive  depletion,  the  shock  of  severe  injuries,  or  extreme 
cold.  In  either  case,  however,  the  indications  of  treatment  are  the  same  ;  namely,  to  induce 
sleep,  whereby  the  irregular  activity  of  the  organ  may  be  comphitcly  suspended,  and  its  due 
nutrition  restored;  and  to  coiTcct  what  may  be  faulty  in  the  condition  of  the  blood. 
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condition  of  the  Blood  (chap,  xviii.)    But  without  any  serious  perversion 
of  the  nutrition  of  the  Cerebrum,  its  action  may  be  distiu'bed,  either  by 
the  presence  of  some  toxic  agent  in  the  Blood,  or  by  functional  disturb- 
ance in  other  parts  of  the  Nervous  system.    The  delirium  of  Intoxication 
is,  whilst  it  lasts,  a  true  Insanity;  and  it  ceases  because  the  poison  i« 
eliminated  from  the  system.    But  there  are  many  cases  in  which  there  is 
a  continual  production  of  a  poison  within  the  system,  which  deranges  the 
normal  train  of  mental  action  so  long  as  the  blood  is  tainted  by  it ;  the 
indication  of  treatment  is  here  obviously  to  check  this  production,  and  to 
depurate  the  blood;  and  when  this  has  been  effectually  accomplished,  the 
healthy  action  of  the  Brain  is  immediately  restored,  which  would  not 
have  been  the  case  if  its  nutrition  had  been  seriously  impaired.  Most 
persons  have  experienced  the  extreme  depression  of  spirits  and  incapacity 
for  mental  exertion,  which  are  consequent  upon  certain  derangements  of 
the  digestive  function,  and  especially  upon  disorder  of  the  biliary  appa- 
ratus ;  and  it  is  unquestionable  that  many  forms  of  Insanity,  in  which 
extreme  dejection  is  a  prominent  symptom,  but  which  may  also  include 
intellectual  delusions,  are  solely  dependent  upon  this  cause.    The  func- 
tional disturbance  of  the  Cerebrum  induced  by  the  irregular  action  of 
other  pai'ts  of  the  Nervous  System,  is  a  part  of  the  Etiology  of  Insanity 
which  has  been  as  yet  but  veiy  little  attended-to,  but  which  deserves  a 
careful  study.   Numerous  examples  of  it  are  furnished  by  certain  peculiar 
forms  of  disordered  Mental  action,  which  are  connected  with  'hystei-ical' 
states  of  the  female  system,  especially  mutability  and  irritability  of 
temper  and  disposition  to  deceit ;  *  but  we  are  probably  also  to  refer  to 
this  cause,  in  part  at  least,  those  very  distressing  states  of  mind,  which 
arise  out  of  disorders  in  the  sexual  apparatus  of  the  male,  or  even  from 
irritation  of  neighbouring  parts,  t — It  frequently  happens  that  agencies  of 
both  classes  contribute  to  the  result;  some  long-continued  defect  of 
nutrition  (veiy  often  arising  from  hereditary  constitution)  serving  as  the 
*  predisi^osing  cause,'  whilst  some  violent  mental  emotion,  or  depravation 
of  the  blood  by  some  noxious  matter,  acts  as  the  '  exciting  cause ;'  the 
two  conjointly  producing  that  effect,  which  neither  would  singly  have 
brought  about. 

IX.  Without  any  Mental  perversion,  however,  indicative  of  structural 
or  functional  disorder  of  the  Cerebrum,  there  may  exist  a  partial  seve- 
rance of  its  connection  with  the  Sensori-motor  apparatus ;  so  that  it 
cannot  receive  sensory  impressions  from  particular  organs  or  parts  of  the 
body,  or  call-forth  muscular  movement  in  respondence  to  volitional  deter- 
minations or  to  emotional  excitement.  Or,  again,  there  may  be  a  weak- 
ening of  Voluntai-y  power  over  the  muscles  in  general,  whilst  they  still 
remain  amenable  to  the  stimulus  of  Emotion ;  and  in  such  cases,  as  might 
be  expected,  the  influence  of  sensory  impressions  in  directly  exciting  nius- 
cular  movements  is  obviously  manifested.  J    Of  the  precise  pathological 

*  See  Dr.  Laycock's  "  Treatise  on  the  Nervous  Diseases  of  Women,"  in  which  these 
sympathies  are  fully  dwelt  on. 

t  See  M.  Lallemand's  "  Treatise  on  Spermatorrhoea,"  translated  by  Mr.  McDougal.— In 
some  of  the  cases  recorded  by  M.  Lallemand,  the  most  extreme  mental  depression  was 
engendered  hy  the  presence  of  ascarides  in  the  rectum  ! 

X  Of  this  curious  state,  the  following  example  was  communicated  to  the  Author,  about 
four  years  since,  by  his  friend  Mr.  Noble.—"  Mr,  R.  act.  41,  of  a  sanguine  nervous  tempera- 
ment, a  married  man,  and  father  of  several  children,  the  youngest  being  but  two  months  old, 
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alterations  which  give  rise  to  these  peculiar  conditions  (which  frequently 
manifest  themselves  in  regard  to  particular  groups  of  muscles,  such  as 
those  of  vocalization),  nothing  whatever  is  known.  —  Nearly  allied  to  this 
state  is  that  which  gives  rise  to  the  'jactitating  convulsion,'  interfering 
with  volitional  movement,  which  is  known  as  Chorea.  On  the  physio- 
logical views  here  advocated,  this  disease  must  he  regarded  as  consisting 
essentially  in  a  diminution  of  the  power  of  the  Will  (exerted  tkrough  the 
Cerebrum)  over  the  muscular  apparatus,  concurrently  with  an  augmented 
jmd  perverted  activity  of  the  Sensori-motor  centres.  That  its  special 
seat  is  at  the  summit  of  the  Crauio-Spinal  axis,  where  it  comes  into  con- 
nection with  the  Cerebmm,  would  appear  from  several  considerations, 
particulai-ly  from  the  interruption  of  voluntary  power,  the  aggravation  of 
the  movements  by  emotion,  and  their  cessation  during  sleep ;  the  two 
latter  facts  being  inconsistent  with  the  idea  that  the  proper  Spinal  centres 
are  essentially  involved,  although  they  are  frequently  affected  coinci- 
dently  or  subsequently.  The  choreic  convulsion  is  occasionally  hemi- 
plegic ;  and  it  sometimes  gives  place  to  paralysis,  which  is  seldom  com- 
plete, however,  and  may  usually  be  cured  by  appropriate  treatment. 
This  disorder  appears  generally  traceable  to  a  state  of  imperfect  nutrition, 
dependent  upon  a  depraved  and  perhaps  a  poisoned  state  of  the  blood, 
rather  than  on  any  organic  lesion.*  Not  unfrequently  the  defect  of 
nutritioji  seems  to  act  as  the 'predisposing  cause'  of  the  disease;  the 
attack  being  immediately  traceable  to  mental  emotion. t  —  Stammering 
may  be  regarded  as  a  sort  of  Chorea,  alFecting  the  muscles  of  Voice 
(§  943). 

X.  The  Sensory  Ganglia,  collectively  constituting  the  Sensorium,  may 
be  regarded  as  the  most  essential  part  of  the  Encephalou  j  since  we  find 
them  fully  developed  in  animals  which  scarcely  possess  a  rudiment  of  a 
Cerebrum,  and  presenting  the  same  relative  condition  to  the  latter  in  the 

exhibited  the  following  symptoms,  first  experienced  in  a  sliglit  degree  about  five  years  ago, 
and.  since  then  having  become  much  aggravated,  the  climax  having  apparently  been  attained 
about  two  years  ago. — There  was  partial  paralysis  of  voluntary  motion  upon  the  left  side, 
exhibiting  under  ordinary  circumstances  the  customary  phenomena;  but  with  this  peculiarity, 
— that  although  Volition  was  comparatively  powerless,  any  incident  excitor  impression  of  an 
unusual  character,  by  exciting,  as  it  were,  Consensual  action,  would  give  effect  to  the  volun- 
tary intention  ;  thus,  when  the  affected  arm  was  raised  by  another  to  a  certain  height,  the 
patient  was  unable  by  mere  volition  to  elevate  it  still  more;  but  if  the  hand  were  smartly 
struclc  or  blown  upon  either  by  himself  or  by  another,  movement  of  a  rapid  character  would 
at  once  ensue,  and  that  too  in  conformity  with  the  volitional  effort.  Upon  inquiry,  more- 
over, it  appeared  that  any  unwonted  impression  upon  the  internal  as  well  as  the  external 
senses  was  capable  of  lejiding  to  a  realization  of  the  effort  vainly  attempted  by  the  mere  will, 
hence  by  accomplishing  the  commencement  of  a  run  or  trot  by  aid  of  some  undue  impression, 
he  could  go  on;  he  stated,  on  the  case  being  proposed,  that  if,  in  utter  paralysis  of  voluntary 
power  over  the  muscles,  a  hundred-pound  note  were  suddenly  placed  before  his  vision,  and 
he  were  told  that  on  seizing  it  the  same  should  be  liis,  he  should  at  once  be  equal  to  the 
requisite  effort. — When  in  health,  Mr.  R.  stated  that  he  had  excellent  controlling  power  over 
the  Emotions,  but  that  now  the  pleasure  and  the  pain  attendant  upon  their  excitation  were 
exalted,  and  the  consensual  phenomena  quite  irresistible;  and  on  further  inquiry  it  appeared 
that,  in  the  matter  of  laughing  and  crying,  he  exhibited  very  much  of  the  hysterical  condi- 
tion. In  early  life,  Mr.  R.  had  been  what  is  called  a  free  liver ;  both  in  regard  to  women, 
and  to  alcoholic  stimulants." 

*  See  Dr.  Todd's  Lumleian  Lectures  '  On  the  Pathology  and  Treatment  of  Convulsive 
Diseases  '  in  the  "  Medical  Gazette,"  April  20  and  27,  1!J'1J). 

•f"  A  remarkable  innnber  of  ciises  of  Chorea  were  admitted  into  the  Bristol  Infirmary 
within  a  few  weeks  after  the  memorable  Riots  of  1833. 
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early  embryo  of  Man.  They  directly  receive  the  nei-ves  proceeding  from 
the  organs  of  Special  Sense,  each  pair  of  which  has  its  0"\vn  distinct  gan- 
glionic centre;  and  they  receive  also,  through  the  (so-called)  Crura 
Cerebri,  the  nerves  of '  common  sensation,'  whose  ganglionic  centre  ap- 
pears to  lie  in  the  Thalami  Optici.  They  give-off  a  large  number  of 
motor  fibres,  which,  descending  through  the  Crura  Cerebri,  are  distri- 
buted, with  the  fibres  proceeding  fi-om  the  Spinal  ganglia,  through  the 
various  motor  trunks,  to  the  muscular  system  generally.*  On  the  other 
hand,  by  one  set  of  the  radiating  fibres  of  the  Cerebral  substance,  they 
transmit  sensorial  impressions  upwards  to  the  vesicular  surface  of  the 
Hemispheres  ;  whilst  conversely,  by  its  descending  fibres,  they  receive  the 
impressions  transmitted  downwards  from  the  Cerebral  ganglia;  and  they 
thus  constitute  the  medium  by  which  alone  the  Cerebrum  communicates 
with  the  Organs  of  Sense  on  the  one  hand,  and  with  the  muscular  appa- 
ratus on  the  other.  —  The  Sensoiy  Ganglia  must  be  collectively  regarded 
as  forming  the  organ  through  whose  instrumentality  the  Mind  is  ren- 
dered conscious  of  impressions  made  on  the  Organs  of  Sense  ;  and  reasons 
have  been  advanced  for  the  belief,  that  it  also  serves  as  the  instrument 
whereby  the  Consciousness  is  affected  by  Cerebral  changes,  which,  in  so 
far  as  they  take  place  independently  of  the  Will,  are  the  cause  and  not 
the  consequence  of  Mental  activity.  There  is  no  reason  to  think  that  the 
Sensorium  has  in  itself  any  higher  function  than  that  of  impressing  the 
consciousness  of  the  individual;  this  impression  on  the  consciousness, 
when  made  by  an  external  agency  operating  through  the  sensory  nei-ves, 
is  that  which  is  known  as  Sensation  ;  but,  when  produced  by  Cerebral 
changes,  it  constitutes  Ideation.  With  the  states  of  consciousness  termed 
Sensations  are  associated  the  simple  feelings  of  pleasure  and  pain,  the  seat 
of  which  is  obviously  sensorial;  and  similar  feelings,  associating  them- 
selves with  those  states  of  consciousness  termed  Ideas,  give  to  them  an 
Emotional  charactei',  and  become  the  sources  of  those  motives  by  which 
the  determination  of  conduct  made  by  the  Reason  is  in  great  part  guided. 

XI.  The  '  reflex  action '  of  the  Sensory  Ganglia,  which  proceeds  from 
their  own  independent  activity,  is  manifested  in  all  those  instinctive  or 
automatic  movements,  which  are  excited  through  sensations,  and  which 
may  hence  be  designated  as  consensual  or  sensor i-motor.  These  actions 
are  but  little  noticed,  in  Man,  in  the  active  state  of  his  Cerebrum ;  for 
the  automatic  movements  on  which  the  maintenance  of  his  organic  func- 
tions is  immediately  dependent,  are  provided-for  by  the  Spinal  centres ; 
and  the  pm-poses  which  are  answered  in  the  lower  animals  by  the  higher 
order  of  Instinctive  actions,  are  worked-out  in  him  by  the  Intelligence. 
There  is,  however,  a  large  group  of  secondarily-automatic  movements, 
which,  though  originally  determined  by  the  Will,  are  brought  by  habit  so 
far  under  the  direct  influence  of  sensations,  that  they  continue,  whilst 
prompted  and  guided  by  the  latter,  after  the  Will  has  ceased  to  act. — 
The  operation  of  the  Sensory  Gangha  in  Man  is  usually  subsei*vient  to 

*  The  doctrine  previously  advocated  (§  701),  that  there  is  an  actual  continuity  of  fibres 
between  the  Sensorial  centres  and  the  roots  of  the  Spinal  Nerves,  has  lately  received  very 
important  confirmation  from  the  elaborate  researches  of  Dr.  Turck  on  the  alterations  produced 
in  the  Spinal  Cord  by  Hemiplegia  originating  in  intra-cranial  lesion.  See  his  Memoir  '  Uber 
Bccondiire  Erkrankung  cinzelner  Riickensmarksstriingc  und  ihrer  Fortsetzungcn  zumGehirnc, 
in  "  Donkschriften  der  kaiscrlichun  Academic  dor  Wissenschaftcn,"  Wien,  l^Sl, 
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that  of  the  Cerebrum ;  for  the  influence  of  Sensational  changes,  being- 
propagated  upwai'ds  to  that  organ,  excites  further  changes  in  it;  these, 
reflected  downwards  to  the  Sensori-motor  centres,  become  the  sources  of 
ideational  or  of  emotional  movements;  and  the  determining  power  of  the 
Will,  in  producing  volitional  movements,  is  exercised  through  the  same 
channel.  It  is  a  remarkable  indication  of  the  participation  of  the  Senso- 
rial centres  even  in  volitional  movements,  that  these  cannot  be  executed 
save  with  the  concurrence  of  guiding  setisations.  The  extent  to  which 
the  Sensory  Ganglia  may  act  as  independent  centres  of  action,  is  seen  in 
cases  in  which  the  functions  of  the  Cerebrum  are  entirely  in  abeyance. 
This  may  happen  through  congenital  defect,  as  in  some  cases  of  complete 
Idiocy,  especially  among  the  Cretins  of  the  first  degree,  who  spend  their 
whole  time  in  basking  in  the  sun  or  sitting  by  the  fire  (experiencing 
merely  sensorial  pleasure),  and  who  show  no  higher  traces  of  intelligence, 
than  is  evinced  by  their  going,  when  excited  by  hunger,  to  the  places 
where  they  have  been  accustomed  to  receive  food.  It  may  occur,  too,  as 
a  consequence  of  disease  or  injury.  Of  this  we  have  an  example  in  a 
case  mentioned  by  Dr.  Rush,  of  a  man  who  was  so  violently  affected  by 
some  losses  in  trade,  that  he  was  deprived  almost  instantly  of  his  mental 
faculties;  he  did  not  take  the  slightest  notice  of  anything,  not  even 
expressing  a  desire  for  food,  but  merely  receiving  it  when  it  was  put  into 
his  mouth ;  a  servant  dressed  him  in  the  morning,  and  conducted  him  to 
a  seat  in  his  parlom-,  where  he  remained  the  whole  day,  with  his  body 
bent  forwards  and  his  eyes  fixed  on  the  floor;  in  this  state  he  continued 
for  five  years,  and  then  recovered  completely  and  rather  suddenly.  The 
well-known  case  of  the  sailor  who  suffered  for  more  than  a  year  from 
depressed  fi-actm-e  of  the  skull,  and  was  at  last  restored  to  his  normal 
condition  by  the  elevation  of  the  depressed  bone  (which  was  effected  by 
Mr.  Cline),  affords  another  illustration  of  the- same  suspension  of  cerebral 
activity,  without  the  loss  of  sensorial  power ;  this  man  passed  the  period 
between  the  accident  and  the  operation  in  a  condition  very  similar  to  that 
of  the  subject  of  the  preceding  case ;  and  after  his  recovery,  the  whole 
intei-vening  space  was  a  perfect  blank  to  his  recollection.  The  most 
remarkable  example  of  this  condition,  however,  yet  put  on  record,  is  a 
case  which  occun-ed  a  few  years  ago  under  the  ol3servation  of  Mr.  Dunn,* 
of  whose  excellent  account  an  abridgment  is  here  given,  for  the  sake  of 
illustrating  the  nature  of  a  purely  sensorial  and  instinctive,  as  distin- 
guished from  an  intelligent  existence,  and  the  gradual  nature  of  the 
transition  from  the  one  to  the  other,  t    A  very  similar  condition  presents 

•  "  Lancet,"  Nov.  IS  and  29,  1845. 

+  The  subject  of  this  case  was  a  young  woman  of  robust  constitution  and  good  healtli, 
who  accidentally  fell  into  a  river  and  was  nearly  drowned.  She  remained  insensible  for  six 
hovirs  after  the  immersion ;  but  recovered  so  far  as  to  be  able  to  give  some  account  of  the 
accident  and  of  her  subsequent  feelings,  though  she  continued  far  from  well.  Ten  days  sub- 
sequently, however,  she  was  seized  with  a  fit  of  complete  stupor,  which  lasted  for  four  hours; 
at  the  end  of  which  time  she  opened  her  eyes,  but  did  not  seem  to  recognize  any  of  her 
friends  around  her ;  and  she  appeared  to  be  utterly  deprived  of  the  senses  of  hearing,  taste, 
and  smell,  as  well  as  of  the  power  of  speech.  Her  mental  faculties  seemed  to  be  entirely 
suspended  ;  her  only  medium  of  communication  with  the  external  world  being  through  the 
flenses  of  sight  and  touch,  neither  of  which  appeared  to  arouse  ideas  in  her  mind,  though 
respondent  moveinenls  of  various  kinds  were  excited  through  them.  Her  vision  at  short 
distances  was  quick;  and  so  great  was  the  exaltation  of  the  general  sensibility  upon 
the  surface  of  the  body,  that  the  slightest  touch  would  sUirtle  her ;  still,  unless  she  was 
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itself,  as  the  result  of  the  complete  exhaustion  of  Cerebral  power,  in  those 
extreme  forms  of  Dementia,  or  rather  Amentia,  which  are  frequently  con- 
sequent upon  repeated  attacks  of  Mania,  or  a  long  succession  of  Epileptic 

touched,  or  an  object  or  a  person  was  so  placed  that  she  could  not  help  seeing  the  one  or  the  other, 
she  appeared  to  be  quite  lost  to  everything  that  was  passing  around  her.  She  had  no  notion 
that  she  was  at  home,  nor  the  least  knowledge  of  anything  about  her ;  she  did  not  even  know 
her  own  mother,  who  attended  upon  her  with  the  most  unwearied  assiduity  and  kindness. 

Wherever  she  was  placed,  there  she  remained  during  the  day   Her  appetite  was 

good;  but  having  neither  taste  nor  smell,  she  ate  alike  indifferently  whatever  she  was  fed 
with,  and  took  nauseous  medicines  as  readily  as  delicious  viands.  AH  the  automatic  move- 
ments unconnected  with  sensation,  of  which  the  spinal  cord  is  the  instrument,  seemed  to  go 
on  without  interference ;  as  did  also  those  dependent  upon  the  sensations  of  sight  and  touch ; 
whilst  the  functions  of  the  other  ganglia,  together  with  those  of  the  cerebral  hemispheres,' 
appeared  to  be  in  complete  abeyance.  The  analysis  of  the  facts  stated  regarding  her  inges- 
tion of  food  seems  to  make  this  clear.  She  swallowed  food  when  it  was  put  into  her  mouth  ; 
this  was  a  purely  automatic  action,  the  reception  by  the  lips  being  probably  excited  by  sen- 
sation, whilst  the  act  of  deglutition,  when  the  food  is  carried  within  reach  of  the  pharyngeal 
muscles,  is  excited  without  the  necessary  concurrence  of  sensation.  She  made  no  sponta- 
neous effort,  however,  to  feed  herself  with  the  spoon  ;  showing  that  she  had  not  even  that 
simple  idea  of  helping  herself,  which  infants  so  early  acquire.  But  after  her  mother  had 
convej-ed  the  spoon  a  few  times  to  her  mouth,  and  had  thus  caused  the  muscular  action  to 
become  associated  with  the  sensorial  stimulus,  the  patient  continued  the  operation.  It 
appears,  however,  to  have  been  necessary  to  repeat  this  lesson  on  every  occasion ;  showing 
the  complete  absence  of  memory  for  any  idea,  even  one  so  simple  and  so  immediately  connected 
witli  the  supply  of  the  bodily  wants.  The  difference  between  an  instinct  and  a  desire  or 
propensity,  heretofore  dwelt  on  ($  772),  is  here  most  strikingly  manifested.  •  This  patient  had 
an  instinctive  tendency  to  ingest  food  ;  as  is  shown  by  her  performance  of  the  actions  already 
alluded  to ;  but  these  actions  required  the  stimulus  of  the  present  sensation,  and  do  not  seem 
to  have  been  connected  with  any  notion  of  the  cliaracter  of  the  object  as  food;  at  any  rate, 
there  was  no  manifestation  of  the  existence  of  any  such  notion  or  idea,  for  she  displayed  no 
desire  for  food  or  drink  in  the  absence  of  the  objects,  even  when  she  must  have  been  con- 
scious of  the  uneasy  sensations  of  hunger  and  thirst.  The  very  limited  nature  of  her 
faculties,  and  the  automatic  life  she  was  leading,  appear  further  evident  from  the  following 
particulars.  One  of  her  first  acts  on  recovering  from  the  fit  had  been  to  busy  herself  in  pick- 
ing the  bed-clothes ;  and  as  soon  as  she  was  able  to  sit  up  and  be  dressed,  she  continued  the 
habit  by  incessantly  picking  some  portion  of  her  dress.  She  seemed  to  want  an  occupation 
for  her  fingers,  and  accordingly  part  of  an  old  straw  bonnet  was  given  to  her,  which  she 
pulled  to  pieces  of  great  minuteness ;  she  was  afterwards  bountifully  supplied  with  roses ; 
she  picked  off  the  leaves,  and  then  tore  them  into  the  smallest  particles  imaginable.  A  few 
days  subsequently,  she  began  forming  upon  the  table,  out  of  these  minute  particles,  rude 
figures  of  roses  and  other  common  garden  flowers ;  she  had  never  received  any  instructions 
in  drawing.— Roses  not  being  so  plentiful  in  London,  waste  paper  and  a  pair  of  scissors 
were  put  into  her  hands ;  and  for  some  days  she  found  an  occupation  in  cutting  the  paper 
into  shreds;  after  a  time  these  cuttings  assumed  rude  figures  and  shapes,  and  more  particu- 
larly the  shapes  used  in  patchwork.  At  length  she  was  supplied  with  proper  materials  for 
patchwork  ;  and  after  some  initiatory  instruction,  she  took  to  her  needle  and  to  this  employ- 
ment in  good  earnest.  She  now  laboured  incessantly  at  patchwork  from  morning  to  night, 
and  on  Sundays  and  week-days,  for  she  knew  no  difference  of  days ;  nor  could  she  be  made 
to  comprehend  the  difference.  She  had  no  remembrance  from  day  to  day  of  what  she  had 
been  doing  on  the  previous  day,  and  so  every  morning  commenced  de  novo.  Whatever  she 
began,  that  she  continued  to  work-at  while  daylight  lasted ;  manifesting  no  uneasiness  for 
anything  to  eat  or  drink,  taking  not  the  slightest  heed  of  anything  which  was  going  on 
around  her,  but  intent  only  on  her  patchwork.  She  gradually  began,  like  a  child,  to  register 
ideas  and  acquire  experience.  This  was  first  shown  in  connexion  with  her  manual  occupa- 
tion. From  patchwork,  after  having  exhausted  all  the  materials  within  her  reach,  she  was 
led  to  the  higher  art  of  worsted-work,  by  which  her  attention  was  soon  engrossed  as  con- 
stantly as  it  had  before  been  by  her  humbler  employment.  She  was  delighted  with  the 
colours  and  the  flowers  upon  the  patterns  that  were  brought  to  her,  and  seemed  to  derive 
special  enjoyment  from  the  harmony  of  colours ;  nor  did  she  conceal  her  want  of  respect 
towards  any  specimen  of  work  that  was  placed  before  her,  but  immediately  threw  it  aside  if 
the  arrangement  displeased  her.    She  still  had  no  recollection  from  day  to  day  what  she  had 
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oizures.  And  it  is  also  woi-tli  notice,  that  the  "picking  at  the  bed- 
clothes," which  is  so  frequently  seen  towards  the  close  of  life,  is  a  purely 
consensual  movement,  the  performance  of  which  is  an  indication  of  the 

lone,  and  every  morning  began  something  new,  unless  her  unfinished  work  was  placed 
before  her ;  and  after  imitating  the  patterns  of  others,  she  began  devising  some  of  her  own. 
The  first  ideas  derived  from  her  former  experience,  that  seemed  to  be  awakened  within  lier, 
were  connected  with  two  subjects  which  had  naturally  made  a  strong  impression  upon  her ; 
namely,  her  fall  into  the  river,  and  a  love-aflTair.  It  will  be  obvious  that  her  pleasure  in  the 
symmetrical  arrangement  of  patterns,  the  harmony  of  colours,  &c.,  was  at  first  simply  sensorial ; 
but  she  gradually  took  an  interest  in  looking  at  pictures  or  prints,  more  especially  of  flowers, 
trees,  and  animals.  When,  however,  she  was  shown  a  landscape  in  which  there  was  a 
river,  or  the  view  of  a  troubled  sea,  she  became  intensely  excited  and  violently  agitated,  and 
one  of  her  fits  of  spasmodic  rigidity  and  insensibility  immediately  followed.  If  the  picture 
were  removed  before  the  paroxysm  had  subsided,  she  manifested  no  recollection  of  what  bad 
taken  place ;  but  so  great  was  the  feeling  of  dread  or  fright  associated  with  water,  that  the 
mere  sight  of  it  in  motion,  its  mere  running  from  one  vessel  to  another,  made  her  shudder 
and  tremble ;  and  in  the  act  of  washing  her  hands  they  were  merely  placed  in  water.  From 
this  it  may  be  inferred  that  simple  ideas  were  now  being  formed  ;  for  whilst  the  actual  sight 
or  contact  of  moving  water  excited  them  by  the  direct  sensorial  channel,  the  sight  of  a  picture 
containing  a  river  or  water  in  movement  could  only  do  so  by  giving  rise  to  the  notion  of  water. 
From  an  early  stage  of  her  illness  she  had  derived  evident  pleasure  from  the  proximity  of  a 
young  man,  to  whom  she  had  been  attached ;  he  was  evidently  an  object  of  interest  when 
nothing  else  would  rouse  her ;  and  nothing  seemed  to  give  her  so  much  pleasure  as  his  pre- 
sence. He  came  regularly  every  evening  to  see  her,  and  she  as  regularly  looked  for  his  coming. 
At  a  time  when  she  did  not  remember  from  one  hour  to  another  what  she  was  doing,  she  would 
look  anxiously  for  the  opening  of  the  door  about  the  time  he  was  accustomed  to  pay  her  a 
visit;  and  if  he  came  not,  she  was  fidgettj'-  and  fretful  throughout  the  evening.  When  by  her 
removal  into  the  country  she  lost  sight  of  him  for  some  time,  she  became  unhappy  and  irrita- 
ble, manifested  no  pleasure  in  anything,  and  suffered  very  frequently  from  fits  of  spasmodic 
rigidity  and  insensibility.  When,  on  the  other  hand,  he  remained  constantly  near  her,  she 
improved  in  bodily  health,  early  associations  were  gradually  awakened,  and  her  intellectual 
powers  and  memoiy  of  words  progressively  returned.  We  here  see  very  clearly,  as  it  appears 
to  us,  the  composite  nature  of  the  emotion  of  affection.  At  first,  there  was  simple  pleasure 
in  the  presence  of  her  lover,  excited  by  the  gratification  which  former  association  had  con- 
nected with  the  sensation.  Afterwards,  however,  it  was  evident  that  the  pleasure  became 
connected  with  the  idea  ;  she  thought  of  him  when  absent,  expected  his  return  (even  show- 
ing a  power  of  measuring  time  when  she  had  no  memory  for  anything  else),  and  manifested 
discomfort  if  he  did  not  make  his  appearance.  Here  we  see  the  true  emotion.,  namely,  the 
association  of  pleasure  with  the  idea  ;  and  the  manner  in  which  the  desire  would  spring  out 
of  it.  The  desire  in  her  then  condition,  would  be  inoperative  in  causing  voluntary  move- 
ment for  its  gratification ;  simply  because  there  was  no  intellect  for  it  to  act  upon.  Her 
mental  powers,  however,  were  gradually  returning.  She  took  greater  heed  of  the  objects  by 
which  she  was  surrounded;  and  on  one  occasion,  seeing  her  mother  in  a  state  of  excessive 
agitation  and  grief,  she  became  excited  herself,  and  in  the  emotional  excitement  of  the 
moment  suddenly  ejaculated,  with  some  hesitation,  "  What 's  the  matter  ? "  From  this 
time  she  began  to  articulate  a  few  words ;  but  she  neither  called  persons  nor  things  by  their 
right  names.  The  pronoun  "this"  was  her  favourite  word;  and  it  was  applied  alike  to 
every  individual  object,  animate  and  inanimate.  The  first  objects  which  she  called  by  their 
right  names  were  wild  flowers,  for  which  she  had  shown  quite  a  passion  when  a  child  ;  and 
it  is  remarkable  that  her  interest  in  these  and  her  recollection  of  their  names  should  'have 
manifested  itself  at  a  time  when  she  exhibited  not  the  least  recollection  of  the  "  old  familiar 
friends  and  places"  of  her  childhood.  As  her  intellect  gradually  expanded,  and  her  ideas 
became  more  numerous  and  definite,  they  manifested  themselves  chiefly  in  the  form  of 
emotions;  that  is,  the  chief  indications  of  them  were  through  the  signs  of  pleasure  and  pain. 
The  last  were  frequently  exhibited,  in  the  attacks  of  insensibility  and  spasmodic  rigidity' 
which  came  on  at  the  slightest  alarm.  It  is  worth  remarking  that  these  attacks,  throughout 
this  remarkable  period,  were  apt  to  recur  three  or  four  times  a  day,  when  her  eyes  had 
been  long  directed  intently  upon  her  work  ;  which  affords  another  proof  how  closely  the 
emotional  cause  of  them  must  have  been  akin  to  the  influence  of  sensory  impressions  the 
effects  of  the  two  being  precisely  the  same.— The  mode  of  recovery  of  this  patient  was  quite 
as  remarkable  as  anything  in  her  history.   Her  liealth  and  bodily  strength  seemed  completely 
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torpor  that  has  supervened  upon  the  functional  activity  of  the  Cere- 
brum. 

XII.  It  is  the  Sensorium  that  is  primarily,  and  (it  may  be)  solely  affected, 
in  the  state  of  Coma  ;  which  differs  from  ordinary  Sleep  only  in  the  com- 
pleteness of  the  suspension  of  the  functional  activity  of  the  Sensory 
Ganglia.  This  suspension  not  merely  prevents  impressions  transmitted 
from  the  organs  of  sense,  from  affecting  the  consciousness  as  Sensations ; 
but  it  also  interposes  the  same  obstacle  to  that  mental  recognition  of 
Cerebral  changes,  which,  when  the  Sensorium  is  closed  to  the  outer  world, 
constitutes  the  state  of  Dreaming;  and  thus  the  comatose  subject  is  not 
merely  insensible  to  external  impressions,  but  is  cut  off  from  all  percep- 
tion of  self-existence.  There  seems  reason  to  believe,  that,  in  the  simpler 
forms  of  Coma,  such  as  we  fi-equently  meet  with  in  hysterical  subjects, 
there  is  no  perversion  of  the  fimctions  of  the  Cerebrum ;  for  we  observe 
that,  if  the  insensibility  suddenly  supervene  in  the  midst  of  a  sentence 
which  is  being  uttered  by  the  patient  (a  circumstance  of  no  uncommon 
occiu-rence),  the  series  of  words  is  taken  up  and  completed  the  moment 
that  the  coma  passes  off,  the  patient  being  unconscious  of  the  interrup- 
tion ;  showing  that  there  is  none  of  that  conficsion  of  the  Intellect  which 
marks  Cerebral  chsorder.  In  a  large  proportion  of  cases,  however,  it  is 
obvious,  from  the  order  in  which  the  symptoms  manifest  themselves,  that 
the  Cerebiiim  is  affected,  as  well  as  the  Sensorial  centres ;  of  this  the  best 
evidence  is  afforded  by  the  phenomena  of  alcoholic  intoxication,  and  the 
agency  of  narcotic  poisons ;  and  where  Coma  results  from  pressm-e  within 
the  cranium,  this  must  act  alike  upon  the  Cerebrum  and  the  Sensorium. 
Of  the  causes  which  induce  the  state  of  Coma,  there  are  many  which, 
when  operating  in  smaller  quantity,  or  in  less  intensity,  produce  delirium. 
This  is  particularly  tlie  case  with  the  whole  group  of  truly  ntvrcotic 
poisons;  and  is  not  merely  true  of  those  which  are  introduced  as  such 
from  external  sources,  but  also  with  regard  to  those  which  are  genei-ated 
within  the  body.  We  have  another  illustration  of  it  in  the  Coma  of  mere 
exhaustion,  which  is  frequently  preceded  by  delirium  that  is  clearly  attri- 
butable to  nothing  else  than  a  deficient  supply  of  blood.  Still,  we  must 
not  regard  Coma  as  always  indicating  a  more  advanced  state  of  morbid 

re-estaWished,  her  vocabulary  was  being  extended,  and  her  mental  capacity  was  improving, 
when  she  became  aware  that  her  lover  was  paying  attention  to  another  woman.  This  idea 
immediately  and  very  naturally  excited  the  emotion  of  jealousy;  which,  if  we  analyse  it, 
will  appear  to  be  nothing  else  than  a  painful  feeling  connected  Avith  the  idea  of  the  faith- 
lessness of  the  object  beloved.  On  one  occasion  this  feeling  was  so  strongly  excited,  that 
she  fell  down  in  a  fit  of  insensibility,  which  resembled  her  first  attack  in  duration  and 
severity.  This,  however,  proved  sanatory.  When  the  insensibility  passed  off,  she  was  no 
longer  spell-bound.  The  veil  of  oblivion  was  withdrawn  ;  and,  as  if  awakening  from  a  sleep 
of  twelve  months'  duration,  she  found  herself  surrounded  by  her  grandfather,  grandmother, 
and  their  familiar  friends  and  acquaintances,  in  the  old  house  at  Shoreham.  She  awoke  in 
the  possession  of  her  natural  faculties  and  former  knowledge;  but  without  the  slightest 
remembrance  of  anything  which  had  taken  place  in  the  interval,  from  the  invasion  of  the  first 
fit  up  to  the  present  time.  She  spoke,  but  she  heard  not ;  she  was  still  deaf,  but  as  she 
could  read  and  write  as  formerly,  she  was  no  longer  cut  off  from  communication  with  others. 
From  this  time  she  rapidly  improved,  but  for  some  time  continued  deaf.  She  soon  perfectly 
understood  by  the  motion  of  the  lips  what  her  mother  said ;  they  conversed  with  facility  and 
quickness  together,  but  she  did  not  understand  the  language  of  the  lips  of  a  stranger. _  She 
was  completely  unaware  of  the  change  in  her  lover's  affections  which  had  taken  place  in  her 
state  of  second  consciousness ;  and  a  painful  explanation  was  necessary.  This,  however,  she 
bore  very  well,  and  has  since  recovered  her  previous  bodily  and  mental  health. 
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hange,  than  that  which  occasions  Delirium ;  for  it  stands  to  some  forms 
t"  delirium,  in  the  same  light  in  which  ordinary  sleep  stands  to  the 
I  king  state,  being  the  repose  which  is  required  for  reparation  after  a 
ate  of  excessive  mental  activity.    In  fact,  the  profound  sleep  which 
1  icceeds  a  protracted  period  of  severe  bodily  or  mental  exertion,  is  often 
Imost  comatose,  as  regards  the  degi'ee  in  which  the  subject  of  it  is  insensible 
I )  external  stimuli.    The  same  may  be  stated  with  great  probability  of 
lie  coma  which  is  consequent  upon  'concussion' of  the  brain;  for  this 
aay  be  regarded  as  a  period  of  slow  regeneration,  during  which  the 
liects  of  the  injury  are  being  repaired  by  the  nutritive  processes;  and 
my  attempt  to  arouse  the  patient  prematurely  is  far  more  likely  to  be 
ujurious  than  beneficial,  tending  especially  to  increase  the  violence  of  the 
subsequent  reaction. 

XIII.  It  is,  as  we  have  seen,  in  the  Sensorial  centres,  that  those  lesions 
tare  most  commonly  found,  which  give  rise  to  hemiplegic  Paralysis. 
"There  can  be  little  doubt  that  this  form  of  paralysis  is  usually  attri- 
butable to  some  structm-al  disorganization  of  the  nervous  substance, 
produced  by  hsemorrhage,  softening,  &c.  Still,  this,  like  other  forms  of 
partial  paralysis,  may  be  toxic,  depending  rather  upon  the  condition  of 

[  the  blood,  than  upon  that  of  the  nervous  tissue.  Of  such  toxic  influence, 
vwe  have  a  remarkable  example  in  the  peculiar  local  paralysis  induced  by 
i  the  presence  of  Lead  in  the  system ;  and  there  seems  much  reason  to 
•  believe  that  some  of  the  Hysterical  forms  of  paralysis  (as  well  as  of  con- 
[  vulsive  disorders)  are  of  toxic  origin.  There  are  many  instances,  too,  in 
"which  paralysis,  like  convulsion,  seems  to  depend  upon  some  injurious 
;  influence  propagated  fi*om  the  nerves  of  some  other  part. — Although  it  is 
:  in  Hemiplegia  that  we  have  the  most  distinct  evidence  of  disorder  of 
t  the  Encephalic  centres,  yet  paralysis  of  any  one  part  of  the  body  may 
:  proceed  from  Encephalic  lesion ;  and  even  some  forms  of  Paraplegia  seem 
:  traceable  to  disorders  of  the  Cerebrum  and  Sensory  Ganglia.* 

XIV.  We  seem  entitled  to  consider  the  Sensory  Ganglia  as  the  primary 
;  seat  of  that  combination  of  loss  of  sensibility  with  spasmodic  movements, 
>•  which  essentially  constitutes  Epilepsy.  This  is  marked  by  the  peculiar 
■  sensorial  phenomena  which  usually  precede  the  paroxysm ;  by  the  obli- 
teration of  consciousness,  which  is  its  prominent  symptom ;  and  by  the 
peculiarity  of  the  spasmodic  contractions,  which  are  clonic  (or  alternating 
with  relaxation)  instead  of  being  tonic  (or  persistent),  and  which  corre- 
spond with  those  that  may  be  induced  by  artificial  stimulation  of  this 
portion  of  the  Encephahc  centres  (§  738).  The  disordered  action,  how- 
ever, manifestly  extends  itself  to  the  Cerebrum ;  for  a  maniacal  paroxysm 
frequently  occurs  in  connection  with  the  epileptic  attacks ;  the  attacks 
themselves  are  sometimes  preceded,  and  very  commonly  followed,  by  con- 
siderable confusion  of  the  intellect ;  the  disease  is  seldom  long  persistent 
without  impairing  the  memory  and  the  control  of  the  will  over  the 
mental  operations ;  and  in  cases  of  long  standing,  the  power  of  the  Cere- 
brum appears  to  be  almost  entirely  destroyed.  There  is  very  considerable 
diversity,  on  the  other  hand,  in  regard  to  the  nature  and  intensity  of  the 
muscular  convulsion;  and  there  seems  reason  to  think  that  when  the 
morbid  influence  is  determined  downwards  into  the  Motor  apparatus,  the 

^  •  For  much  valuable  information  on  the  different  forms  of  Paralysis,  see  Dr.  Gull's 
Guktonian  Lectures  '  On  the  Nervous  System  '  in  the  "  Medical  Times,"  1849. 
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Cerebrum  escapes  with  a  less  serious  impairment  of  its  powers,  since  tlic 
destruction  of  the  intellectual  power  occurs  more  surely  where  the  fits  are 
accompanied  by  much  mental  disturbance  or  stupor,  than  where  the  con- 
vulsive character  predominates. — One  of  the  most  remarkable  phenomena 
of  Epilepsy  is  its  tendency  to  periodic  reciu:rence,  with  a  more  or  less 
complete  return  to  the  normal  state  in  the  intei-val.  This  fact  of  itself 
seems  to  indicate  that  the  disease  cannot  be  fairly  attributed  to  those 
obvious  lesions  of  structure,  which  are  sometimes  coincident  with  it,  and 
which,  as  Dr.  Todd  has  justly  remarked,  are  rather  the  signs  of  the  altered 
nutrition  brought  on  by  any  cause  which  creates  frequent  distm-bauce 
of  the  actions  of  the  brain,  than  the  causes  of  that  disturbance;  for 
the  influence  of  such  lesions,  if  manifested  at  all  (and  it  is  remai-kable 
what  an  extent  of  disorganization  may  take  place  without  any  obvious 
indication),  would  be  rather  continuous  than  intermitting.  It  is  quite 
certain,  on  the  other  hand,  that  death  may  occur  from  Epilepsy,  without 
any  appreciable  lesion.  It  may  be  considered,  also,  as  a  well-establislied 
fact,  that  the  epileptic  pai'oxysm  may  be  induced  either  by  an  insufiicient 
supply,  or  by  depravation  of  blood;  of  this  we  have  examples  in  the 
epileptiform  convrdsions  brought  on  by  excessive  ha3morrhage  in  partu- 
rient women,  in  the  epileptiform  paroxysm  induced  by  asphyxia  (especially 
by  strangulation),  and  in  poisoning  by  hydrocyanic  acid,  the  phenomena 
of  which,  in  the  loAver  animals  especially,  so  closely  simulate  those  of  the 
genuine  disease,  that  they  may  be  designated  as  an  artificial  epilepsy. 
These  and  many  other  facts  in  the  etiology  of  the  disease,  very  strongly 
point  to  a  disordered  condition  of  the  blood  as  its  primal  som-ce;  this 
acting  either  by  altering  the  nutrition  of  the  EncephaUc  centres,  or  by 
jDcrverting  their  action,  or  in  both  modes  conjointly,  as  in  the  case  of 
Insanity  (viii.).  According  to  the  theory  advocated  by  Dr.  Todd,  a  con- 
tinual mal-nutrition  of  certain  parts  of  the  Encephalon  occasions  a  gi-adu- 
ally-increasing  disturbance  of  their  polar  state;  and  this,  when  it  has 
attained  a  certain  measure  of  intensity,  manifests  itself  in  the  epileptic 
paroxj^sm,  just  as  a  Leyden  jar,  when  chai'ged  with  electricity  to  a  certain  fi 
state  of  tension,  gets  rid  of  the  disturbance  of  equilibrium  by  the  "  disrup-  | 
tive  discharge."*  The  fact  must  not  be  disregarded,  however,  that  when  a 
state  of  mal-nutrition  of  the  Nervous  System  has  been  established  by 
causes  which  affect  the  condition  of  the  Blood,  the  Epileptic  pai'oxysm 
may  be  induced  by  some  eccentric  or  peripheral  irritation,  such  as  worms 
in  the  intestinal  canal,  the  pressure  of  teeth  in  the  eruptive  stage  of  deve- 
lopment against  the  capsule  or  the  gum,  &c. ;  neither  cause  being 
sufficient  when  acting  alone.  Hence,  although  the  paroxysms  may  be 
suspended,  and  the  disease  apparently  cm-ed,  by  the  removal  of  the  peri- 
pheral source  of  irritation  (as  by  the  expidsion  of  the  worms,  or  the  com- 
plete eruption  of  the  teeth),  the  liabihty  to  it  still  remains,  as  is  shown 
by  the  renewal  of  the  paroxysms  whenever  any  fresh  irritation  may  arise. 
It  is  very  important,  therefore,  not  to  rest  satisfied  with  local  treatment 
in  such  cases;  but  to  have  recom-se  to  measures  adapted  to  produce  a 
general  invigoration  of  the  system,  t 

*  See  Dr.  Todd's  '  Lumleian  Lectures  '  in  the  "Medical  Gazette,"  May  18,  1849;  and 
the  "  Brit,  and  For.  Med.  Chir.  Rev.,"  Jan.  1850,  pp.  24—33. 

+  The  Author  docs  not  thinlc  it  necessary  liere  to  devote  any  space  to  the  examination  ot 
Dr.  M.  Hairs  pathological  tlieory  of  Epilepsy,  which  makes  it  depend  upon  spasmodic  con-  ■ 
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XV.  The  Spinal  Axis  (including  the  Medulla  Oblongata)  forms  ca  con- 
iiuioiis  series  of  ganglionic  centres,  which  are  connected  by  afferent  and 
Icreut  nerve-trunks  with  the  several  segments  of  the  body;  but  these 
litres  are  enveloped  in  white  or  fibrous  strands,  which  not  only  connect 
.0  various  segmental  divisions  with  each  other,  but  also,  there  seems 

:>)od  reason  to  believe,  estabhsh  a  continuous  connection  between  the 
\  erve-roots  and  the  Sensorial-centres.    The  independent  activity  of  the 
>niual  centres  is  seen  in  the  various  reflex  movements  which  are  per- 
ormed  after  they  have  been  cut-off  from  all  connection  with  the  Ence- 
lalon;  and  of  these  reflex  movements,  there  are  certain  definite  groups, 
hich  are  subservient  to  the  functions  of  Respiration,  Deglutition,  Defe- 
aition,  &c.    In  so  far  as  these  ai'e  performed  by  the  Spinal  Cord  alone, 
w  ithout  the  participation  of  the  Sensorium,  they  do  not  involve  any 
affection  of  the  consciousness;  and  as  the  separation  of  the  Spinal  Cord 
from  the  Sensorium  effectually  prevents  the  impression  which  excites  the 
reflex  movement  fi'om  exciting  sensation  at  the  same  time,  we  know  that 
.'ionsation  cannot  be  necessary  to  the  movement;  hence  this  class  of 
:  actions  is  best  disting-uished  as  excifo-motor,  in  contradistinction  to  the 
'  sensor i-motor  in  which  Sensation  necessarily  participates.    Putting  aside, 
however,  those  actions  which  are  subservient  to  the  Organic  functions, 
i  and  which  are  performed  in  the  state  of  full  integTity  and  activity  of  the 
•  nervous  system,  we  find  that  the  reflex  power  of  the  Spinal  Cord  is  only 
■  distinctly  manifested  when  that  organ  is  detached  fi:om  the  Encephalon ; 
!  for  in  its  normal  state  it  serves  as  little  else  than  the  channel  through 
^  which  impressions  are  transmitted  upwards  to  the  Sensorium,  and  thence 
|t  to  the  Cerebrum,  and  through  which  motor  impulses  are  propagated  down- 
wards  from  these  centres  to  the  muscles.    For  the  actions  of  the  Spinal 
(  Cord  are  placed  in  subordination  to  the  control  of  the  Cerebrum,  in  every 
I  particular  as  to  which  they  can  be,  without, detriment  to  the  welfare  of 
!  the  system  generally ;  so  that  we  find  exciter  impressions,  which  are  quite 
I  competent  to  evoke  reflex  actions  if  they  are  prevented  from  travelling 
1  beyond  the  Cord,  losing  their  power  to  do  so  when  they  are  discharged 
'  (so  to  speak)  into  the  Sensorium ;  whilst  even  the  movements  of  Respira- 
tion, Defecation,  &c.,  which  do  not  require  the  participation  of  the  Cere- 
bram  in  their  ordinary  performance,  can  be  to  a  certain  extent  controlled 
by  the  WiU. 

XVI.  In  the  various  classes  of  Convulsive  diseases  in  which  the  con- 
sciousness is  not  affected,  we  have  manifestations  of  the  perverted  activity 
of  the  Spinal  Cord  as  a  whole,  or  of  certain  of  its  segments. — Of  the 
distinct  forms  or  combinations  of  which  this  class  of  disorders  is  composed. 
Tetanus  is  one  of  the  most  interesting  and  instructive.  This  disease 
essentially  consists  in  an  undue  excitability  of  the  whole  series  of  Spinal 
Ganglia;  so  that  very  slight  impressions  produce  violent  and  extensive 
reflex  actions,  the  disturbance  of  nervous  polarity  induced  by  the  impres- 
sion, radiating  (as  it  were)  through  the  whole  Cord,  and  affecting  nerve- 
fibres  that  proceed  from  each  of  its  different  segments ;  and  when  this 
state  is  fully  established,  convulsive  actions  may  proceed  from  purely 
centric  irritation,  no  exciter  impression  being  required  to  originate  them. 

pression  of  certain  muscles  of  the  neck,  producing  compression  of  the  veins  and  congestion  of 
the  cerebrum;  since  he  considers  that  tlie  fallacies  of  this  theory  have  been  already  sulii- 
cicntly  pointed  out  by  Dr.  Todd  (loc.  cit.). 
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Such  a  state  may  be  induced  by  various  causes,  among  the  most  promi- 
nent of  which  ai-e,  on  the  one  hand,  those  which  affect  the  nutrition  of 
the  Cord,  and,  on  the  other,  those  which  call  it  into  disordered  action,  hy 
altering  the  relations  which  the  blood  betu's  to  it  as  the  exciting  fluid  of 
the  nei'vous  battery.  That  which  is  termed  the  idiopathic  form  of  the 
disease  seems  traceable  to  mal-nutrition  of  the  Cord,  consequent  upon 
impoverishment  or  depravation  of  the  blood;  that,  on  the  other  hand, 
which  is  produced  by  the  introduction  of  Strychnia  into  the  blood,  is 
dependent  upon  the  peculiar  potency  of  this  substance  in  determining  a 
Avrong  action  of  the  Spinal  centres,  for  which  it  seems  to  have  an  elective 
affinity,  in  the  same  way  that  alcohol  and  opium  have  for  the  encephalic. 
With  regard  to  the  ti'aumatic  form  of  Tetanus,  it  is  impossible  to  say 
with  certainty  whether  the  peculiar  condition  of  the  Spinal  Cord  he 
determined,  as  in  the  preceding  case,  by  the  introduction  of  a  poison  into 
the  blood,  through  some  morbid  action  taking  place  in  the  wound;  or 
whether  the  distm-bance  of  the  usual  equihbrium  be  consequent  upon  the 
projiagation  of  a  morbid  influence  directly  from  the  injured  nerve-trunk 
to  the  Spinal  centres,  without  any  participation  of  the  Circulating  System 
in  this  extension  of  the  mischief  Whichever  be  the  true  accoimt  of  it, 
this  much  is  certain,  that  when  the  Tetanic  state  of  the  Spinal  Cord  is 
once  fully  established,  nothing  is  gained  by  removal  of  the  injm-ed  pai-t; 
and  powerful  sedative  remedies  alone  possess  any  influence  in  restraining 
the  pai'oxysms.  The  Cerebral  apparatus  is  entirely  unaffected  in  this 
disorder;  but  the  nerves  of  deglutition  are  usually  those  first  influenced 
by  it ;  those  of  respiration,  however,  being  soon  affected,  as  also  those  of 
tlie  trunk  in  general. — The  condition  termed  Hydrophobia  is  nearly  alhed 
to  that  of  traumatic  Tetanus,  differing  chiefly  in  the  mode  in  which  the 
cmnio-spinal  axis  is  affected.  The  u-ritable  state  of  the  nervous  centres 
obviously  results  from  the  introduction  of  a  poison  into  the  blood ;  and 
here  the  early  removal  of  the  wounded  part  is  very  desirable  as  a  means 
of  prevention ;  although,  when  the  poison  has  once  begun  to  operate  on 
the  centres,  it  is  of  no  use.  The  muscles  of  respiration  and  deglutition 
are,  as  in  Tetanus,  those  spasmodically  affected  in  the  first  instance ;  but 
there  is  this  curious  difference  in  the  mode  in  which  they  are  excited  to 
action, — that,  whilst  in  Tetanus  the  stimulus  operates  through  the  Spinal  | 
Cord  (either  centrally,  or  by  being  conveyed  from  the  peripheiy),  in 
Hydi'ophobia  it  is  often  transmitted  from  the  gangha  of  Special  Sense,  or 
even  from  the  Cerebrum;  so  that  the  sight  or  sound  of  fluids,  or  even  the 
idea  of  them,  occasions — equally  with  their  contact,  or  with  that  of  a 
cuiTent  of  air — the  most  distressing  convulsions. — Many  forms  of  that 
protean  malady,  Hysteria,  are  attended  with  a  similar  irritability  of  the 
Nervous  Centres;  but  there  is  this  remarkable  difference  in  the  two  cases, 
that  the  morbid  phenomena  of  Hysteria,  whilst  they  often  simulate  those 
of  Chorea,  Tetanus,  Hydrophobia,  Epilepsy,  &c.,  ai'e  evidently  dependent 
upon  a  state  of  the  system  of  a  much  less  abnormal  character.  The 
absence  of  any  structural  lesion,  and  even  of  any  serious  impairment  of 
the  nutrition,  of  the  parts  of  the  Nervous  System  which  are  the  sources  of 
the  actions  in  question,  is  proved  by  the  length  of  time  during  which  tlio 
severest  forms  of  them  may  exist  without  permanently-serious  conse- 
quences, and  by  the  suddenness  with  which  the  several  forms  of  them 
give  place  one  to  another,  or  pass-off  altogether.    The  strange  combuia- 
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tioiis,  moreover,  which  they  occasionally  present,  remarkably  distinguish 
them  fi-om  the  more  settled  forms  of  the  diseases  which  they  simulate.* 
The  chnical  histoiy  of  Hysteria,  then,  would  lead  us  to  suppose  that  the 
.  ouvnlsiye  action  depends  rather  upon  some  state  of  the  blood  which 
niters  its  relation  to  the  nervous  tissue  as  its  exciting  fluid,  than  upon 
iiy  such  change  in  the  nutritive  supply  which  it  aftbrds,  as  would  in- 
iLice  a  more  permanent  disorder  in  the  system.    Taking  all  the  pheno- 
mena, however,  into  account,  there  seems  much  reason  to  think  that  a 
eneral  excitability  of  the  nervous  system,  such  as  is  only  an  exaggeration 
I  that  which  is  characteristic  of  the  female  sex,  is  induced  by  some  defect 
>f  Nutrition,  comparatively  permanent  in  its  nature ;  whilst  the  particu- 
lar forms  of  perverted  action  are  determined  either  by  some  toxic  agent 
i  in  the  blood,  slight  valuations  in  which  may  give  it  a  selective  power  for 
.  one  part  or  another  of  the  Nervous  Centres,  or  by  irritation  of  the  peri- 
i  pheral  nerves.    Among  the  sources  of  imperfect  nutrition,  leading  to 
•  imdue  excitability  of  the  nervous  system,  and  thus  acting  as  a  '  predispos- 
i  ing  cause,' .it  seems  probable  that  a  gouty  diathesis  is  one  of  the  most 
;  frequent  ;t  whilst  among  the  exciting  causes,  some  irregular  action  of  the 
sexual  apparatus  is  among  the  most  common,  though  it  would  not  be 

*  Thus,  the  Author  has  known  an  obstinate  case  of  Hysteric  disorder,  in  which  at  one 
I  period  attacks  of  the  most  complete  Opisthotonos  coexisted  with  perfect  Coma;  at  another 
period,  the  Coma  recurred  alone ;  then,  again,  there  was  Trismus,  lasting  for  five  consecutive 
days,  without  any  other  spasmodic  action  or  loss  of  sensibility;  this  sometimes  alternated  with 
fits  of  YawTiing,  in  which  the  jaw  was  held  open  for  half  an  hour  together;  at  another  period, 
the  conNTilsions  had  more  of  the  Epileptic  character,  the  face  being  distorted,  and  the  limbs 
agitated,  concurrently  with  a  state  of  Coma,  but  without  laryngismus ;  with  this  alternated 
fits  of  Laryngismus,  without  insensibility,  and  occurring  during  the  ea;piratory  movement ; 
whilst  during  the  whole  of  this  succession,  there  was  Paralysis  of  the  extensor  muscles  of 
both  lower  extremities,  with  paroxysms  of  the  most  violent  and  prolonged  Cramp  in  one  of 
them.  ( See  §  325  note.)  The  mental  phenomena  were  almost  equally  strange  ;  for  a  state  of 
almost  Maniacal  excitement  often  came  on  suddenly,  and  ceased  no  less  abruptlj'';  and  every 
form  of  Double  Consciousness,  from  simple  sleep-walking  to  an  alternation  of  two  very  similar 
states  of  mental  existence,  presented  itself  during  one  long  period  of  the  disorder. — It  is 
worth  noting  that  in  this  case  the  exciting  cause  of  the  disorder  lay  in  the  disappointment  of 
aflfections  long  cherished  in  secret ;  but  the  nutrition  of  the  nervous  system  had  been  pre- 
viously impaired  by  anxiety  and  excessive  mental  exertion.  The  first  access  of  the  disorder 
was  kept  off  by  the  influence  of  a  very  determined  will ;  but  when  the  malady  had  fully 
developed  itself,  it  resisted  every  kind  of  treatment  for  four  years.  The  catamenial  dis- 
charge remained  very  scanty  during  the  whole  of  that  time,  and  was  sometimes  absent 
altogether;  and  the  recurrence  of  the  period  was  almost  invariably  iparked  by  an  aggravation 
of  the  spasmodic  attacks,  and  frequently  by  pains  resembling  those  of  the  first  stage  of 
labour.  A  slow  and  almost  imperceptible  improvement  was  taking  place,  when  circumstances 
occurred,  which  gave  a  new  turn  to  the  feelings  ;  a  fresh  attachment  was  formed,  which  was 
happily  reciprocated;  and  from  that  time  the  cure  rapidly  advanced,  the  convulsive  and 
paraplegic  affections  being  speedily  recovered-from,  and  nothing  being  left  but  dysmenorrhoea, 
which  still  continued  to  be  occasionally  accompanied  by  severe  cramps,  and  sometimes  by 
general  convulsion,  coma,  &c.  This  was  not  altogether  corrected,  though  improved,  by 
marriage  ;  and  any  emotional  excitement  of  an  unpleasant  kind  was  sure  to  produce  an 
additional  aggravation.  The  state  of  the  os  uteri  was  then  examined;  and  as  it  was  found 
to  be  unduly  contracted,  cautious  dilatation  by  sponge-tents  was  practised.  This  had  the 
best  results;  the  dysmenorrhaja  soon  abated;  pregnancy  supervened,  and  fifter  a  miscarriage 
(which  seemed  traceable  to  emotional  excitement,  coinciding  with  the  monthly  nisus)  a 
second  pregnancy,  which  went  on  to  the  full  term;  and  no  return  of  the  spasmodic  attacks 
has  since  occurred. —  It  is  worthy  of  note  that  in  this  case  there  was  an  hereditary  predis- 
position to  Gout,  which  seemed  once  to  manifest  itself  in  a  peculiar  affection  of  the  tissues 
about  the  wrist-joint,  of  a  character  rather  gouty  than  rheumatic. 
+  See  Dr.  Laycock  "  On  the  Nervous  Diseases  of  Women,"  pp.  IGl  ct  seq. 
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correct  to  af&rm,  that  disorder  of  the  nutritive  or  secretory  functions  of 
the  sexual  system  is  essential  to  the  production  of  the  hysteric  condition. 
The  influence  of  Emotional  states  upon  this  condition,  is  among  the  most 
remarkable  features  in  the  history  of  the  disorder.  There  can  be  little 
doubt  that  habitual  indulgence  of  the  feelings,  especially  when  these  are 
of  a  painful  kind,  has  a  direct  tendency  to  affect  the  nutrition  of  the 
nervous  system ;  but  when  these  feelings  have  special  reference  to  sexual 
subjects,  they  will  exert  a  powerful  indirect  influence,  by  fixing  the  mind 
on  the  genital  system,  and  thereby  modifying  its  condition  (chap,  xviii.). 
In  either  of  these  modes,  the  habitual  emotional  state  acts  as  a  '  predis- 
posing cause ; '  but  we  constantly  observe  that,  when  the  hysteric  diathesis 
is  established,  any  pai-ticular  access  of  emotional  excitement,  even  though 
it  be  of  a  pleasm-able  nature,  induces  the  hysteric  paroxysm ;  and  it  is  by 
making  a  powerful  effort  to  restrain  the  feelings,  that  the  Will,  if  the 
patient  can  be  led  to  exert  it,  has  so  much  control  over  the  hysterical 
tendency.  It  is  generally,  however,  a  part  of  the  complaint,  that  the 
Will  cannot  be  effectually  exerted;  and  this  either  on  account  of  the 
vehemence  of  the  Emotional  disturbance,  or  through  an  absolute  impair- 
ment of  voluntary  power;  the  state  of  mind  then  approximating  closely 
to  some  forms  of  Insanity.  It  is  in  such  circumstances  that  the  influence 
of  powerful  motives,  adapted  to  work  upon  the  Will  through  the  feelings, 
may  be  brought  to  bear  most  effectually  in  checking  the  paroxysm ;  thus 
it  is  well  known  that  when  the  sight  of  an  '  hysteric  fit'  in  one  individual 
tends  to  induce  it  in  another,  a  determined  threat  of  severe  treatment  is 
the  most  certain  means  of  keeping  it  oft* — Hence  the  treatment  of  Hys- 
teria may  be  considered  as  requiring  three  classes  of  remedial  means ; — 
those,  namely,  which  operate  by  improving  the  general  state  of  nutrition 
of  the  Nervous  System  and  by  diminishing  its  excitability,  these  for  the 
most  part  acting  through  the  blood,  and  being  directed  to  the  increase  of 
its  nutritive  components  and  to  the  elimination  of  any  morbid  matter 
which  it  may  be  suspected  to  contain ;  those  which  operate  by  removing 
the  exciting  causes  of  the  paroxysm,  among  which  may  be  specially 
reckoned  all  such  as  promote  the  healthful  performance  of  the  menstrual 
function ;  and  lastly,  all  those  which  act  beneficially  on  the  Mind,  divert- 
ing or  repressing  painful  emotions,  or  substituting  pleasurable  feelings  in 
theii'  place,  and  strengthening  the  general  control  of  the  Will. 

XVII.  The  foregoing  are  the  chief  Convulsive  diseases  in  which  the 
Spinal  centres  generally  ai-e  involved;  but  there  are  many  spasmodic 
affections  of  a  more  limited  character,  which  are  traceable  to  a  morbid 
affection  of  some  particulai'  division  of  the  Spinal  Axis.  Thus  in  the 
various  forms  of  Spasrjiodic  Asthma,  the  Medulla  Oblongata  would  seem 
to  be  alone  involved;  the  attacks  of  this  disorder  usually  resisting  fi:om 
some  internal  irritation,  either  in  the  air-passages  themselves,  or  in  the 
digestive  system,  producing  a  reflex  contraction  of  the  muscular  fibres  of 
the  bronchial  tubes.  In  the  purely  spasmodic  stage  of  Rooping-Cough, 
again,  which  frequently  persists  long  after  all  inflammatory  symptoms 
have  subsided,  we  have  another  example  of  spasmodic  action  limited  to 
the  respiratory  centres;  and  here  we  have  distinct  evidence  that  the 
morbid  condition  originates  in  the  introduction  of  a  poison  into  the  blood. 
The  same  maybe  said  i\xQ  Group4ihe  Convidsion  ov  Crowing  Inspira- 
tion of  Infants,  which  is  an  obstruction  to  the  passage  of  air  through  the 
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Glottis,  produced  by  a  spasmodic  contraction  of  the  constrictors  of  the 
larynx;  for  dthough  the  spasmodic  action  may  be  immediately  brought-on 
by  various  kinds  of  local  irritation,  such  as  that  occasioned  by  teething,  by 
the  presence  of  undigested  food,  or  by  intestinal  disorder,  yet  there  is  no 
doubt  that  the  excitable  condition  of  the  Nervous  Centres,  without  which 
these  influences  would  be  inoperative,  is  dependent  upon  a  defect  of  nutri- 
tion arising  from  unwholesome  food,  bad  air,  or  some  other  cause  affect- 
ing the  system  generally.* — Spasmodic  closure  of  the  Larynx  may  occiu- 
from  other  causes.  When  the  rima  glottidis  is  narrowed,  by  effusion  of 
fluid  into  the  substance  of  its  walls,  it  is  very  liable  to  be  completely 
closed  by  spasmodic  action,  to  which  the  unduly  irritable  condition  of  the 
mucous  membrane  will  furnish  many  sources  of  excitement.  Choking, 
again,  does  not  result  so  much  from  the  pressure  of  the  food  on  the  air- 
passages  themselves,  as  from  the  spasmodic  action  of  the  larynx  excited 
by  this  ;  and  the  dislodgement  of  the  morsel  by  an  act  of  vomiting,  is  the 
most  effectual  means  of  obtaining  relief  —  Tenesmus  and  Strangury  are 
well-known  forms  of  spasmodic  muscular  contraction,  excited  by  local 
irritation  acting  through  the  Spinal  centres.  The  abnormal  action  which 
leads  to  Abortion  (chap,  xix.)  is  frequently  excited  in  the  same  manner. 
— There  is  a  form  Incontinence  of  Urine,  which  is  very  analogous  to 
the  morbid  action  just  described;  the  sphincter  has  its  due  power;  but 
the  stimulus  to  the  evacuation  of  the  bladder  is  excessive  in  strength  and 
degree,  owing  to  the  acridity  of  the  urine  or  other  causes.  The  part  of 
the  bladder  upon  which  this  appears  chiefly  to  act,  is  the  trigonum 
(Avhich  is  well  known  to  be  more  sensitive  to  the  iiTitatiou  of  calculi, 
than  the  rest  of  the  internal  sm-face) ;  and  Sir  C.  Bell  advises  young 
persons  who  suffer  during  the  night  from  this  very  disagreeable  com- 
plaint, to  lie  upon  the  belly  instead  of  the  back,  so  that  the  con- 
tact of  the  mine  with  the  trigonum  may*  be,  delayed  as  long  a^  pos- 
sible. 

xviii.  As  Convulsive  diseases  are  dependent  upon  excessive  activity  of 
the  Spinal  centres,  so  do  various  forms  of  Paralysis  arise  from  disease  of 
the.  Cord,  affecting  its  proper  ganglionic  substance,  or  the  connections 
of  its  nerve-roots  with  the  Encephalon.  If  the  latter  only  be  imj)aired, 
we  have  an  inteiTuption  of  sensibility  and  voluntary  motion,  the  reflex 
actions  of  the  Spinal  ganglia  being  still  manifested ;  but  if  the  former  be 
involved,  these  reflex  actions  are  suspended  no  less  completely  than  are 
the  sensori-volitional.  There  are  many  peculiar  phenomena  of  Paralysis 
depending  on  Spinal  lesion,  however,  which  have  not  yet  been  explained 
on  any  physiological  basis.  Among  these  is  the  fact,  to  which  Dr.  Gull 
has  prominently  directed  attention,t  that  in  Paraplegia  dependent  upon 
lesion  of  the  Cord,  there  is  usually  gi-eater  loss  of  motion  than  of  sensa- 
tion; whilst  in  Paraplegia  dependent  upon  Encephalic  disorder,  or  upon 
toxic  agencies  rather  afiecting  the  peripheral  than  the  central  portions 
of  the  nervous  system  (as  seems  to  be  generally  the  case,  for  example,  in 
poisoning  by  lead),  affections  of  the  sensibility,  sometimes  beginning  with 

•  The  influence  of  "change  of  air"  is  often  as  marked  in  this  disease,  as  it  is  in  the 
chronic  stage  of  hooping-cough.  That  an  impure  atmosphere  is  of  itself  sufficient  to  induce 
fatal  convulsive  disorders  in  infants,  has  been  sufficiently  proved  on  a  former  occasion 

583). 

t  '  Gulstonian  Lectures  on  the  Nervous  System,'  in  "  Medical  Times,"  1849,  No.  495. 
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hyperfesthesia  and  then  proceeding  to  more  or  loss  coinplete  anaesthesia, 
usually  constitute  the  prominent  symptoms. 

XIX.  Our  present  knowledge  of  the  Physiology  and  Pathology  of  the 
Cerebellum  seems  to  justify  the  inference,  that  its  special  function  consists 
in  the  coordination  of  voluntary  movements;  and  the  effects  of  lesions 
whose  influence  is  limited  to  this  organ,  display  themselves  most  con- 
stantly in  the  impairment  of  this  power.  —  But  there  are  pathological 
phenomena  -which  seem  to  indicate,  that  a  centre  of  sexual  sensation  has 
its  place  in  or  near  the  central  lobe  of  the  Cei-ebellum,  and  that,  accord- 
ing to  the  degi-ee  of  excitement  or  of  depression  of  its  functional  activity, 
will  be  the  sti'ength  or  weakness  of  the  sexual  desire  prompted  by  the 
sensation. 

XX.  Of  the  morbid  affections  of  the  Sympathetic  System,  it  is  impossible 
to  state  anything  with  precision,  in  our  present  state  of  almost  complete 
ignorance  of  its  physiological  actions.  It  may  be  stated,  however,  as  an 
indubitable  fact,  that,  in  virtue  of  the  afferent  Cerebro-spinal  fibres  which 
it  contains,  it  may  receive  impressions  from  morbid  states  of  the  organs 
which  it  supplies,  and  may  transmit  these  to  the  Spinal  Cord ;  through 
which,  general  convulsive  movements,  or  irregular  actions  of  the  Sensorial 
or  even  of  the  Cerebral  centres,  may  be  excited.  Of  this  we  have  an 
example  in  the  erratic  phenomena  of  Hysteria  already  referred-to. 

[In  the  foregoing  view  of  the  Functions  of  the  Nervous  System,  the  Author  has  endea- 
voured to  exhibit  this  most  difficult  and  in  many  parts  obscure  subject,  under  the  aspect  in 
which  it  now  presents  itself  to  his  own  mind  ;  believing  that  he  could  thus  best  explain  it 
to  his  readers.  As  his  views  have  been  arrived-at  by  his  own  careful  study  of  tiie  sub- 
ject, he  has  not  thought  it  necessary  to  be  continually  referring  to  other  Physiologists, 
with  whose  doctrines  his  own  may  have  more  or  less  of  coincidence.  He  -would  here  state, 
once  for  all,  that  of  the  older  writers  on  this  branch  of  Physiology,  he  regards  Unzer 
and  Prochaska  (whose  treatises  have  been  lately  re-published  by  the  Sydenham  Society)  as 
having  displayed  the  deepest  insight  into  the  truth ;  their  doctrines  requiring  little  more 
than  the  correction  and  extension  which  subsequent  anatomical  discoveries  have  aiforded,  to 
fonn  part  of  the  present  fabric  of  the  science.  And  he  considers  it  as  no  unimportant  con- 
firmation of  his  own  views,  that  although  arrived-at  in  complete  ignorance  of  what  Unzer 
h.ad  long  previously  put  forth,  they  have  proved  to  be  in  harmony,  on  all  essential  points, 
with  those  of  so  philosophic  and  penetrating  a  thinker. — Of  modern  Neurologists,  the  fore- 
most rank  is  justly  to  be  assigned  to  Sir  C.  Bell,  for  his  discovery  of  the  anatomical  distinct- 
ness of  the  sensory  and  motor  nerves,  and  for  the  inferences  to  which  this  discovery  led. 
And  the  Author  is  quite  of  opinion  that  the  re-discovery  of  the  Reflex  Function  of  the  Spinal 
Cord  by  Dr.  M.  Hall  (which  he  believes  to  have  been  entirely  original  on  that  gentleman's 
part)  has  constituted  an  era  of  no  less  importance ;  although  his  limitation  of  the  doctrine  of 
reflex  action  to  the  Spinal  ganglia,  has  subsequently  tended,  in  the  Author's  opinion,  rather 
to  retard  than  to  promote  the  progress  of  Neurology.  In  extending  this  view  to  the  Sensory 
Ganglia,  and  in  showing  that  they  minister  to  a  class  of  '  reflex'  actions  peculiarly  their  own, 
the  Author  believes  that  he  may  claim  to  have  made  the  first  definite  attempt  to  free  it  from 
this  limitation ;  and  for  its  further  extension  to  the  Cerebrum,  Science  is  indebted  to  Dr- 
Laycock,  to  whose  Essay  on  the  Reflex  Action  of  the  Brain,  the  Author  has  already  ex- 
pressed his  obligations.  To  these  he  would  add  the  names  of  Dr.  Holland  and  Dr.  Todd, 
as  those  of  writers  from  whom  he  has  derived  many  valuable  suggestions,  which  have  not, 
he  trusts,  been  without  fruit  in  his  own  mind. — It  is  a  circumstance  not  devoid  of  interest, 
that,  during  the  present  century,  notwithstanding  the  large  amount  of  anatomical  and  experi- 
mental inquiry  which  has  been  directed  to  the  Nervous  System  both  in  France  and  Germany, 
and  the  vast  addition  to  our  knowledge  of  details  which  has  hence  arisen,  the  great  advances 
in  the  general  doctrines  of  tliis  department  of  the  science  should  have  been  made  by  British 
Physiologists.] 
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CHAPTER  XV. 

OF  SENSATIONS,   AND  THE  ORGANS  OF  THE  SENSES. 

1. — Of  Sensation  in  General. 

850.  By  the  term  Sensation  is  rightly  understood  that  change  in  the 
condition  of  the  Mind,  by  which  we  become  aware  of  an  imj^ression  made 
upon  some  part  of  the  Body;  or,  in  a  briefer  form  of  expression,  it  may 
be  defined  to  be  the  consciousness  of  an  impression.  Some  physiologists 
have,  it  is  true,  spoken  of  a  sensation  without  consciousness;  but  it  seems 
very  desirable  to  limit  the  term  to  the  mental  change ;  since  the  word  im- 
pression sei-ves  to  designate  the  change  produced  in  the  afferent  nerves 
by  an  external  cause,  up  to  the  point  at  which  the  mind  becomes  con-  * 
scions  of  it.  We  have  seen  reason  to  believe,  that  the  impressions  com- 
municated to  the  Spinal  Cord  may  there  excite  motor  actions,  without 
occasioning  true  Sensation ;  and  it  would  seem  to  be  with  a  certain  part 
of  the  Encephalon  only,  that  the  Mind  possesses  the  relation  necessary  for 
the  production  of  such  a  change  in  it.  Hence  this  organ  is  spoken  of  as 
the  Semorium.  For  the  reasons  already  given  (§§  732-4),  it  seems  pro- 
bable that  the  ganglia  of  Special  Sensation  are  the  essential  instruments 
of  this  function,  rather  than  the  Cerebral  Hemispheres.  The  afferent 
nervous  fibres,  which  connect  the  various  parts  of  the  body  with  the  Sen- 
sorium,  are  termed  sensory ;  and  these  are  distributed  in  very  different 
proportions  to  difi'erent  parts.  Those  parts  of  the  body  which  are  en- 
dowed with  sensory  fibres,  and  impressions  ofi.  which,  therefore,  give  rise 
to  sensation,  are  ordinarily  spoken  of  as  sensible;  and  different  parts  are 
spoken  of  as  sensible  in  different  degrees,  according  to  the  strength  of  the 
sensation  which  is  produced  by  a  corresponding  impression  on  each.  In 
accordance  with  what  was  formerly  stated  (§  355)  of  the  dej^eudence  of 
all  Nervous  action  on  the  continuance  of  the  Circulation  of  the  blood,  it  is 
found  that  the  sensory  nerves  are  distributed  pretty  much  in  the  same 
proportion  as  the  blood-vessels;  that  is  to  say,  in  the  non -vascular  tissues, 
— such  as  the  epidermis,  hair,  nails,  cartilage,  and  bony  substance  of  the 
teeth, — no  nerves  exist,  and  there  is  an  entire  absence  of  sensibility ;  and 
in  those  whose  vascularity  is  trifling,  the  sensibility  is  dull,  as  is  the  case 
with  bones,  tendons,  ligaments,  fibrous  membranes,  and  other  parts  whose 
functions  are  simply  mechanical,  and  even  with  serous  and  areolar  mem- 
branes. Many  of  these  textures  are  acutely  sensible,  however,  under 
certain  circumstances;  thus,  although  tendons  and  ligaments  may  be 
wounded,  burned,  &c.,  without  giving  rise  to  much  consciousness  of  the 
injuiy,  they  cannot  be  stretched  without  the  production  of  considerable 
pain  j  and  the  fibrous,  serous,  and  areolar  tissues,  when  their  vascularity 
is  increased  by  inflammation,  also  become  extremely  susceptible  of  ^jainful 
impressions.  All  very  vascular  pai-ts,  however,  do  not  possess  acute 
Btmsibility ;  the  muscles,  for  instance,  are  furnished  with  a  large  supply 
of  blood,  to  enable  them  to  perform  their  peculiar  function ;  but  they  are 
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not  sensible  in  by  any  means  the  same  pi'oportion.  Even  the  substance 
of  the  brain,  and  of  the  nei-ves  of  special  sensation,  appears  to  be  destitute 
of  this  endowment;  and  the  same  may  be  said  of  the  mucous  membranes 
lining  the  interior  of  the  several  viscera,  which,  in  the  ordinary  condition, 
are  much  less  sensible  than  the  membranes  that  cover  those  viscera, 
although  so  plentifully  supplied  with  blood  for  their  especial  purposes. 
The  most  sensible  of  all  parts  of  the  body,  is  the  Skin,  in  which  the 
sensory  nerves  spread  themselves  out  into  a  minute  network ;  and  even  of 
this  tissue,  the  sensibility  differs  greatly  in  diflferent  parts.  The  organs  of 
special  sensation  become,  by  the  peculiar  character  of  the  nerves  with 
which  they  are  supplied,  the  recipients  of  impressions  of  a  particular  kind : 
thus,  the  eye  is  sensible  to  light,  the  ear  to  sound,  &c. ;  and  whatever 
amount  of  ordinmy  sensibility  they  possess,  is  dependent  upon  other  sen- 
sory nerves.  The  eye,  for  example,  contraiy  to  the  iisual  notions,  is  a 
veiy  insensible  part  of  the  body,  unless  affected  with  inflammation ;  for 
though  the  mucous  membrane  which  covers  its  surface,  and  which  is  pro- 
longed from  the  skin,  is  acutely  sensible  to  tactile  impressions,  the  interior 
is  by  no  means  so,  as  is  well  known  to  those  who  have  operated  much  on 
this  organ.  And  there  are  many  parts  of  the  body  that  are  supplied  with 
the  common  sensory  nerves,  which  receive  and  convey  to  the  mind  impres- 
sions of  particular  kinds,  with  much  greater  readiness  than  they  commu- 
nicate those  of  a  different  description. 

851.  An  active  Capillary  Circulation  being  essential  to  the  Sensibility 
of  eveiy  part  supplied  with  nerves,  any  cause  which  retards  this  deadens 
the  sensibility,  as  is  well  seen  with  regard  to  Cold;  and,  on  the  other 
hand,  an  incrciise  in  its  enei'gy  produces  a  corresponding  increase  in  the 
sensibility,  as  is  peculiarly  evident  in  the  '  active  congestion'  which  usually 
precedes  and  accompanies  Inflammation.  A  diminution  or  increase  of 
sensibility  to  external  impressions  may  arise,  however,  not  only  from  an 
abnormal  state  of  the  circulation  in  the  organ  or  part  itself,  but  from 
the  similar  conditions  affecting  that  part  of  the  sensorium,  in  which  the 
impressions  are  received.  Thus  in  those  various  conditions  of  the  Ence- 
phalon,  in  which  either  a  stagnation  of  the  circulation,  or  an  abnormal 
state  of  the  blood,  occasions  a  diminished  functional  activity  in  the  Sen- 
sorial centres,  this  is  mai'ked  by  obtuseness  to  sensory  impressions;  on 
the  other  hand,  in  active  congestion  of  the  brain,  the  most  ordinary 
external  impressions  produce  sensations  of  an  unbearable  violence ;  and 
there  are  some  peculiar  conditions  of  the  nervons  system,  known  under 
the  name  of  hysterical,  in  which  the  patients  manifest  the  same  discomfort, 
even  when  the  circulation  is  in  a  feeble,  rather  than  in  an  excited  state.* 
It  is  remarkable  that  the  sensibihty  of  the  mucous  membranes  lining  the 
internal  organs,  is  less  exalted  by  the  state  of  inflammation,  than  is  that 
of  most  other  parts;  and  in  this  aiTangement  we  may  trace  a  wise  and 
beneficent  provision;  since,  were  it  otherwise,  the  functions  necessary  to 
life  could  not  be  performed  without  extreme  distress,  with  a  very  mode- 
rate amount  of  disorder  in  the  viscera.  If  a  joint  is  inflamed,  we  can  give 
it  rest;  but  to  the  actions  of  the  alimentary  canal  we  can  give  little 
voluntary  resjDite. 

*  The  influence  of  toxic  agents  introduced  into  the  blood,  in  producing  Anaesthesia  and 
Hyperaesthesia,  constitutes  a  very  wide  field  of  inquiry,  which  is  well  deserving  of  caretul 
cultivation.    It  is  remarkalole  that  Lead  should  be  capable  of  inducing  either  of  these  states. 
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852.  The  feelings  of  Pain  or  Pleasure  which  are  connected  with  parti- 
cular sensations,  cannot  (for  the  most  part  at  least)  be  explained  upon  any- 
other  principle,  than  that  of  the  necessary  association  of  these  feelings,  by 
an  original  law  of  oiu-  nature,  with  the  sensations  in  question.  As  a 
general  rule,  it  may  be  stated,  that  the  violent  excitement  of  any  sensation 
is  disagi-eeable,  even  when  the  same  sensation  in  a  moderate  degree  may 
be  a  source  of  extreme  pleasure.  This  is  the  case  alike  with  those  im- 
pressions, which  ai'e  communicated  through  the  organs  of  sight,  hearing, 
smell,  and  taste,  as  with  those  that  are  received  through  the  nerves  of 
common  sensation;  and  there  can  be  no  doubt  that  the  final  cause,  or 
purpose,  of  the  association  of  painful  feelings  with  such  violent  excitement,- 
is  to  stimulate  the  individual  to  remove  himself  from  what  would  be 
injiu-ious  in  its  effects  upon  the  system.  Thus,  the  pain  resulting  from 
violent  pressm-e  on  the  cutaneous  surface,  or  from  the  proximity  of  a 
heated  body,  gives  warning  of  the  danger  of  injury,  and  excites  mental 
operations  destined  to  remove  the  part  from  the  influence  of  the  injurious 
cause :  and  this  is  shown  by  the  fact,  that  loss  of  sensibility  is  frequently 
the  indirect  occasion  of  severe  lesions, — the  individual  not  receiving  the 
customaiy  intimation  that  an  injmious  process  is  taking  place.*  Instances 
have  occurred,  in  which  severe  inflammation  of  the  membrane  lining  the 
passages  has  residted  from  the  effects  of  ammoniacal  vapom-s,  introduced 
into  them  dm-ing  a  state  of  syncope, — the  patient  not  receiving  that 
notice  of  the  irritation,  which,  in  an  active  condition  of  his  nervous  system, 
would  have  prevented  him  from  inhaling  the  noxious  agent. 

853.  It  is  a  general  rule,  with  regard  to  all  sensations,  that  their 
intensity  is  much  affected  by  Habit;  being  greatly  diminished  by  fre- 
quent and  continual  repetition.  This  is  not  the  case,  however,  with 
regard  to  those  sensations,  to  which  the  attention  is  peculiarly  directed; 
for  these  lose  none  of  their  acuteness  by  frequent  repetition ;  on  the  con- 
traiy,  they  become  much  more  readily  cognizable  by  the  mind.  We 
have  a  good  example  of  both  facts,  in  the  effects  of  sounds  upon  sleeping 
persons  (§  843).  The  general  law,  then,  seems  to  be,  that  Sensations, 
not  attended-to,  are  blunted  by  frequent  repetition;  and  this  may  perhaps  be 
connected  with  certain  other  general  facts,  which  lie  under  the  obser- 
vation of  every  one. — It  is  well  known  that  the  vividness  of  sensations 

•  The  following  case,  recorded  in  the  "Journal  of  a  Naturalist,"  affords  a  remarkable 
instance  of  this  general  fact.  The  correctness  of  the  statement  having  been  called  in  question, 
it  was  fully  confirmed  by  Mr.  Richard  Smith,  the  late  senior  surgeon  of  the  Bristol  Infirmary, 
under  whose  care  the  sufferer  had  been.  "  A  travelling  man,  one  winter's  evening,  laid 
himself  down  upon  the  platform  of  a  lime-kiln,  placing  his  feet,  probably  numbed  with  cold, 
upon  the  heap  of  stones,  newly  put  on  to  burn  through  the  night.  Sleep  overcame  him  in 
this  situation;  the  fire  gradually  rising  and  increasing,  until  it  ignited  the  stones  upon  which 
his  feet  were  placed.  Lulled  by  the  warmth,  the  man  slept  on;  the  fire  increased  until  it 
burned  one  foot  ( which  probably  was  extended  over  a  vent-hole)  and  part  of  the  leg  above 
the  ankle  entirely  off,  consuming  that  part  so  effectuiiUy,  that  a  cinder-like  fragment  was 
alone  remaining, — and  still  the  wretch  slept  on !  and  in  this  state  was  found  by  the  kiln- 
man  in  the  morning.  Insensible  to  any  pain,  and  ignorant  of  his  misfortune,  he  attempted 
to  rise  and  pursue  his  journey,  but  missing  his  shoe,  requested  to  have  it  found;  and  when 
he  was  raised,  putting  his  burnt  limb  to  the  ground  to  support  his  body,  the  extremity  of  his 
leg-bone,  the  tibia,  crumbled  into  fragments,  having  been  calcined  into  lime.  Still  he  ex- 
pressed no  sense  of  pain,  and  probably  experienced  none ;  from  the  gradual  operation  of  tho 
fire,  and  his  own  torpidity  during  the  hours  his  foot  was  consuming.  This  poor  drover  sur- 
vived his  misfortunes  in  the  hospital  about  a  fortnight;  but  the  fire  having  extended  to 
other  parts  of  hia  body,  recovery  was  hopeless." — Sec  also  §  349,  note. 
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depends  rather  on  the  degree  of  change  which  tliey  produce  in  the  system, 
than  on  the  absolute  amotint  of  the  impressing  force ;  and  tliis  is  ahke 
the  case  with  regard  to  the  special  and  the  ordinary  sensations.  Thus, 
oiu'  sensations  of  heat  and  cold  are  entirely  governed  by  the  previous 
condition  of  the  parts  affected;  as  is  shown  by  the  well-known  experi- 
ment of  putting  one  hand  into  hot  water,  the  other  into  cold,  and  then 
transferring  both  to  tepid  water,  which  will  seem  cool  to  one  hand,  and 
warm  to  the  other.  Every  one  knows,  too,  how  much  more  we  are 
affected  by  a  warm  day  at  the  commencement  of  summer,  than  by  an 
equally  hot  day  later  in  the  season.  The  same  is  the  case  in  regard  to 
light  and  sound,  smell  and  taste.  A  person  going  out  of  a  totally  dark 
room  into  one  moderately  bright,  is  for  the  time  painfidly  impressed  by 
the  light,  but  soon  becomes  habituated  to  it ;  whilst  another,  who  entei-s 
it  from  a  room  brilliantly  illuminated,  will  consider  it  dark  and  gloomy. 
Those  who  are  constantly  exposed  to  veiy  loud  noises,  become  almost 
unconscious  of  them,  and  are  even  undisturbed  by  them  in  illness;  and 
the  medical  student  well  knows,  that  even  the  effluvia  of  the  dissecting- 
room  ai-e  not  perceived,  when  the  organ  of  smell  is  habituated  to  them ; 
although  an  intermission  of  sufficient  lougth  would,  in  either  instance, 
occasion  a  renewal  of  the  first  unpleasant  feelings,  when  the  individual 
is  again  subjected  to  the  impression. — Again,  it  is  a  well-known  fact, 
that  impressions  made  xipon  the  organs  of  sense  continue  to  affect  the 
consciousness  for  a  time,  after  the  cause  of  the  impression  has  ceased: 
it  is  in  this  manner  that  a  musical  tone  which  seems  perfectly  continu- 
ous, results  from  a  series  of  consecutive  vibrations,  following  each  other 
with  a  certain  rapidity ;  and  that  a  line  or  circle  of  light  is  produced  by 
a  luminoiis  body  moving  with  a  certain  velocity.  And  there  seems 
reason  to  believe  that  sensorial  changes  of  frequent  recurrence  produce 
a  modification  in  the  nutrition  of  the  Sensorium  itself,  which  groivs-to 
them,  as  it  were,  just  as  the  Cerebrum  may  be  considered  as  growing- 
to  the  mode  in  which  it  is  habitually  exercised  (§  807) ;  for  not  only 
would  the  production  of  such  a  modification  be  quite  in  accordance  with 
the  general  phenomena  of  Nutrition,*  but  we  can  scarcely  otherwise 
explain  the  progressive  formation  of  that  connection  between  sensorial 
changes  and  motor  actions,  which  gives  rise  to  the  '  secondarily  auto- 
matic '  movements  (§  749). — Hence  it  seems  reasonable  to  attribute  that 
diminution  in  the  force  of  Sensations  which  is  the  consequence  of  their 
habitual  recm'rence,  to  the  want  of  such  a  change  in  the  condition  of  the 
Sensorium  as  is  needful  to  produce  an  imjjression  on  the  consciousness^ 
the  effects  which  they  at  first  induced  being  no  longer  expei-ienced  in 
the  same  degree,  when  the  structure  of  the  part  has  accommodated 
itself  to  them. 

854.  It  is  curious,  also,  that  the  feelings  of  Pain  or  Pleasm-e,  which 
unaccustomed  sensations  excite,  are  often  exchanged  for  each  other, 
when  the  system  is  habituated  to  them;  this  is  especially  the  case,  in 
regard  to  impressions  communicated  through  the  organs  of  Smell  and 

*  We  have  a  remarkable  exemplification  of  this,  in  the  tolerance  which  may  be  graduallj' 
established  in  the  system  for  various  toxic  agents,  especially  for  such  as  particularly  affect  the 
Nervous  substance,  such  as  Opium  or  Alcohol,  It  seems  impossible  to  explain  this  tolerance 
on  any  other  hypothesis,  than  that  of  the  alteration  of  the  nutrition  of  the  tissue  by  repeated 
doses,  80  that  no  further  change  can  be  produced  by  the  quantity  originally  taken. 
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Tiiste.  There  ai*e  many  articles  in  common  use  among  mankind, — such 
as  tobacco,  fermented  Hquors,  &c.,  the  use  of  which  cannot  be  said  to 
produce  a  natural  enjoyment,  since  they  are  at  first  unpleasant  to  most 
pei-sons ;  and  yet  they  first  become  tolerable,  then  agreeable ;  and  at  last 
the  want  of  them  is  felt  as  a  painful  privation,  and  the  stimulus  must 
be  applied  in  an  increasing  degree,  in  order  to  produce  the  usual  effect. 

855.  It  is  thi-ough  the  medium  of  Sensation,  that  we  acquire  a  know- 
ledge of  the  material  world  aromid  us,  by  the  psychical  operations  which  its 
changes  excite  in  om'selves.  The  various  kinds  or  modes  of  Sensation 
excite  in  us  various  ideas  regarding  the  properties  of  matter ;  and  these 
properties  are  known  to  us,  only  through  the  changes  which  they  produce 
in  the  several  orguns  (§  786).  It  is  well  known  that  instances  exist,  in 
which,  from  some  imperfection  of  the  organization,  there  is  an  incapacity 
for  distinguishing  colours  or  musical  tones,  whilst  there  is  no  want  of 
sensibility  to  light  or  sound;  and  that  some  persons  are  naturally 
endowed  with  a  much  greater  range  of  the  sensory  faculties,  than  others 
possess.  Hence  it  does  not  seem  at  all  improbable,  that  there  are  pro- 
perties of  matter,  of  which  none  of  our  senses  can  take  immediate  cog- 
nizance; and  which  other  beings  might  be  formed  to  perceive,  in  the 
same  manner  as  we  are  sensible  to  light,  sound,  &c.  Thus  many  animals 
ai-e  aflfected  by  atmospheric  changes,  in  such  a  manner,  that  their  actions 
ai-e  regarded  by  Man  as  indications  of  the  probable  state  of  the  weather; 
and  the  same  is  the  case  in  a  less  degree  with  some  of  our  own  species, 
who'  are  peculiarly  susceptible  of  the  same  influences. — Now  the  most 
universal  of  all  the  qualities  or  properties  of  Matter,  on  which,  in  fact,  our 
notion  of  it  is  chiefly  founded  (§  804),  is  its  occupation  of  space,  producing 
a  moi-e  or  less  complete  resistance  to  displacement ;  and  this  quality  is 
that  through  which  alone  any  knowledge  of  the  external  world  can  be 
obtained  by  a  large  proportion  of  the  lower  Animals ;  contact  between 
their  own  smface  and  some  material  body,  beiiig  required  to  produce  sen- 
sation. We  shall  presently  see,  however,  that  the  idea  of  the  sha2oe  of  a 
body  which  we  form  from  the  touch,  results  from  a  very  complex  pro- 
cess, such  as  animals  of  the  lower  grades  can  scarcely  be  supposed  to 
exercise.  There  can  be  little  doubt  that,  next  to  the  mere  sense  of 
resistance,  sensibility  to  temperature  is  the  most  universally  difiused 
thi-ough  the  Animal  kingdom;  and  probably  the  consciousness  of  lumi- 
nosity is  the  next  in  the  extent  of  its  diflusion.*  It  is  probable  that  the 
sense  of  taste  (which  has  a  close  affinity  to  that  of  touch)  exists  very  low 
down  in  the  animal  scale,  being  obviously  of  great  importance  in  the 
selection  of  food ;  but  the  Anatomist  has  no  means  of  ascertaining  where 
this  refinement  exists,  and  where  it  does  not;  since  the  organs  of  taste 
and  touch  are  very  similar.  The  sense  of  hearing  does  not  seem  to  be 
distinctly  present  among  the  Invertebrate  animals,  except  in  such  as 
approach  most  nearly  to  the  Vertebrata;  it  is  not  improbable,  however, 

*  There  is  good  reason  to  believe,  from  observation  of  their  habits,  that  many  animals  are 
susceptible  of  the  influence,  and  are  directed  by  the  guidance,  of  light;  whilst  tlicir  organs 
are  not  adapted  to  receive  true  visual  impressions,  or  to  form  optical  images :  and  such  would 
seem  to  be  the  function  of  the  red  spots,  frequently  seen  on  prominent  parts  of  the  lower 
Articulata  and  Mollusca,  and  even  of  some  Radiata.  Wherever  these  are  of  sufficient  si/.o 
to  allow  thuir  structure  to  be  examined,  they  are  found  to  be  largely  supplied  with  nerves, 
but  to  be  destitute  of  the  peculiar  organization  which  alone  constitutes  a  true  eye. 
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that  sonorous  vibrations  may  produce  an  effect  upon  the  system  of  those 
animals,  which  do  not  receive  them  as  sound.  The  sense  of  smell,  which 
is  concerned  with  one  of  the  least  general  properties  of  matter,  appears  to 
be  the  least  widely  diffused  among  the  whole;  being  only  possessed  in 
any  high  degree  by  Vertebrated  animals,  and  being  but  feebly  present  iu 
a  large  proportion  of  these. 

856.  Besides  the  various  kinds  of  sensibility  which  have  been  just 
enumerated,  there  are  others  which  are  ordinai'ily  associated  together, 
along  with  the  sense  of  material  resistance  (and  its  several  modifications), 
and  the  sense  of  temperatm-e,  under  the  head  of  Common  Sensation;  but 
several  of  them,  especially  those  which  originate  in  the  body  itself,  can 
scarcely  be  regarded  in  this  light.  Such  are  the  feelings  of  hunger 
and  thirst;  that  of  nausea;  that  of  distress  resulting  from  suspended 
aeration  of  the  blood;  that  of  "  sinking  at  the  stomach,"  as  it  is  vulgarly 
but  expressively  described,  which  results  from  strong  mental  emotion ;  the 
sexual  sense,  and  perhaps  some  others. — Now  in  regai'd  to  all  these,  it 
is  impossible  in  the  present  state  of  our  knowledge  to  say,  whether  their 
peculiarity  results  from  the  particular  constitution  of  the  nerves  that 
receive  and  convey  them,  or  only  from  a  modification  in  the  impressing 
causes,  from  the  particular  endowments  of  their  ganglionic  centres,  and 
from  the  mode  in  which  they  operate.  Thus  we  have  no  evidence  whether 
the  nervous  fibrils,  which  convey  from  the  lungs  the  sense  of  distress 
residting  from  deficient  aeration,  are  of  the  same  or  of  a  different  cha- 
racter from  those  which  convey  from  the  surface  of  the  au'-passages  the 
sense  of  the  contact  of  a  foreign  body.  But  as  we  know  that  all  the 
trunks,  along  which  these  peculiar  impressions  travel,  do  minister  to 
ordinaxy  sensation,  whilst  the  nei'ves  of  truly  special  sensation  are  not 
sensible  to  common  impressions,  it  is  evident  that  the  probability  seems 
in  favom*  of  the  identity  of  the  fibres,  which  minister  to  these  sensations, 
with  those  of  the  usual  sensory  character.  We  shall  see  that,  with 
regai'd  to  the  sense  of  Temperature,  there  is  strong  evidence  that  its 
peculiarity  depends  on  the  speciality  of  the  apparatus  by  which  impres- 
sions {U'e  received  at  the  peripheral  extremities  of  the  tactile  nerves, 
rather  than  upon  any  peculiarity  in  the  transmitting  fibres  (§  866). 

857.  There  are  certain  external  causes  which  can  excite  changes  in  the 
Sensorium  through  several  different  channels ;  the  sensation  being  in 
each  case  characteristic  of  the  particular  nerve  on  which  the  impression 
is  made.  Thus  pressure,  which  produces  through  the  nerves  of  common 
sensation  the  feeling  of  resistance,  is  well  known  to  occasion,  when  exerted 
on  the  eye,  the  sensation  of  liglit  and  colours;  and,  when  made  with 
some  violence  on  the  eai',  to  produce  tinnitus  aurium.  It  is  not  so  easy  to 
excite  sensations  of  taste  and  smell,  by  mechanical  irritation ;  and  yet,  as 
Dr.  Baly  *  has  shown,  this  may  readily  be  accomplished  in  regard  to  the 
former.  The  sense  of  nausea  may  be  easily  produced,  as  is  familiarly 
known,  by  mechanical  irritation  of  the  fauces.  Electricity  stiU  more 
completely  possesses  the  power  of  affecting  all  the  sensory  nerves  with  the 
changes  which  are  peculiar  to  them ;  for,  by  proper  management,  an  indi- 
vidual may  be  made  conscious  at  the  same  time  of  flashes  of  light,  of 
distinct  sounds,  of  a  phosphoric  odoiu',  of  a  peculiar  ta,ste,  and  of  pricking 


*  Translation  of  Mliller's  "  Elements  of  Pliysiology,"  p.  106-2,  iiolc. 
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nsatious,  all  excited  by  the  same  cause,  the  effects  of  which  are  modi- 
L'd  by  the  respective  peculiarities  of  the  instrumeuts  through  which 
,  L  operates.  —  But  although  there  ai-e  some  stimuU  which  cau  produce 
<ousory  impressious  on  all  the  nerves  of  sensation,  it  will  be  found  that 
those  to  which  any  one  organ  is  peculiarly  fitted  to  respond,  produce  little 
L>r  no  effect  upon  the  rest.    Thus  the  ear  cannot  distiug-uish  the  slightest 
difference  between  a  luminous  and  a  dark  object.    A  tuning-fork,  which, 
when  laid  upon  the  ear  whilst  vibrating,  produces  a  distinct  musical  tone, 
;  excites  no  other  sensation,  when  placed  upon  the  eye,  than  a  slight  ja,rring 
1  feeling.    The  most  delicate  touch  cannot  distingaiish  a  substance  which  is 
?  sweet  to  the  taste,  from  one  which  is  bitter;  nor  can  the  taste  (if  the 
t  communication  between  the  mouth  and  the  nose  be  cut  off)  perceive  any- 
'■  thing  peculiar  in  the  most  strongly-odoriferous  bodies. — It  may  hence  be 
;  inferred  that  no  nerve  of  special  sensation  can,  by  any  possibility,  take-on 
•  the  function  of  anothei'. 

858.  But  whilst  there  is  evidence  of  the  peculiar  aptitudes  of  the 
different  Sensory  nerves,  to  receive  and  convey  impressions  of  particular 
kinds,  yet  there  can  be  no  doubt  that  their  special  endowments  are  in 
great  degTce  dependent  upon  those  of  the  central  organs  in  which  they 
terminate.  For  with  regard  to  all  kinds  of  Sensation  it  is  to  be  remem- 
bered, that  the  change  of  which  the  Mind  is  informed,  is  not  the  change 
at  the  peripheral  extremities  of  the  nerves,  but  the  change  communicated 
to  the  Sensorium;  hence  it  results,  that  external  agencies  can  give  rise  to 
no  kind  of  sensation,  which  cannot  also  be  produced  by  internal  causes, 
exciting  changes  in  the  condition  of  the  nerves  in  their  course.  This 
very  frequently  happens  in  regard  to  the  senses  of  sight  and  hearing ; 
flashes  of  light  being  seen,  and  ringing  sounds  in  the  ears  being  heard, 
when  no  external  stimulus  has  produced  such  impressions.  The  produc- 
tion of  odorous  and  gustative  sensations  frojn  internal  causes,  is  perhaps 
less  common  j  but  the  sense  of  nausea  is  more  'frequently  excited  in  this 
manner,  than  by  the  direct  contact  of  the  nauseating  substance  with  the 
tongTie  or  fauces.  The  various  phases  of  common  sensibility  often  origi- 
nate thus ;  and  the  sense  of  temperatm-e  is  frequently  affected  without 
any  corresponding  affection  of  the  tactile  sensations,  a  person  being  sensi- 
ble of  heat  or  of  chilliness  in  some  part  of  his  body,  without  any  real 
alteration  of  its  temperature.  The  most  common  of  the  internal  causes 
of  these  subjective  sensations  (as  they  have  been  termed,  in  contradis- 
tinction to  the  objective,  which  result  from  a  real  material  object),  is  con- 
gestion or  inflammation;  and  it  is  interesting  to  remark  that  this  cause, 
operating  through  each  nerve,  produces  in  the  sensorium  the  changes  to 
which  that  neiTe  is  usually  subservient.  Thus,  congestion  in  the  nerves 
of  common  sensation  gives  rise  to  feelings  of  pain  or  uneasiness;  but 
when  occurring  in  the  retina  and  optic  nerve  it  produces  flashes  of  light ; 
and  in  the  auditory  nei've  it  occasions  'a  noise  in  the  ears.' — But  further, 
the  phenomena  of  subjective  sensation  often  originate  in  peculiar  condi- 
tions of  the  Encephalon  itself,  and  not  in  the  organs  of  sense  or  the  ner- 
vous tnmks ;  thus,  in  dreaming,  we  have  frequently  very  vivid  pictures  of 
external  objects  presented  to  our  minds;  and  we  sometimes  distinctly 
hear  voices  and  musical  tones,  or  have  perceptions  (though  this  is  less 
common)  of  tastes  and  odours.  The  phenomena  of  spectral  illusions  are 
very  nearly  connected  with  those  of  dreaming;  both  may  bo  in  some 
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degi-ee  influenced  by  external  causes,  acting  upon  the  organs  of  sensation, 
wliich  are  misinterpreted  (as  it  were)  by  the  mind,  owing  to  its  state  of 
imperfect  operation  ;  but  both  also  may  entirely  originate  in  the  central 
organs.  There  seems  to  be  no  difference,  in  the  feelings  of  the  individual, 
between  the  sensations  thus  originating,  and  those  which  are  produced  in 
the  usual  manner ;  for  we  find  that,  unless  otherwise  convinced  by  their 
own  reason,  persons  who  witness  spectral  illusions  believe  as  firmly  in  the 
reality  of  the  objects  that  come  before  their  minds,  as  if  the  images  of 
those  objects  were  actually  formed  on  their  retinae.  This  is  another 
proof,  if  any  were  wanting,  that  the  organ  of  sense,  and  the  nerve  belong- 
ing to  it,  are  but  the  instruments  by  which  certain  changes  are  produced 
in  the  Sensorium ;  by  which  changes,  and  not  by  the  immediate  impres- 
sions of  the  objects,  our  Consciousness  is  really  affected. — There  is  yet 
another  mode,  however,  in  which  subjective  sensations  may  be  excited ; 
namely,  by  sensations  originating  in  objective  impressions  on  other  parts. 
Thus  the  irritation  of  a  calculus  in  the  bladder  gives  rise  to  pain  at  the 
end  of  the  penis  ;  disease  of  the  hip-joint  is  often  first  indicated  by  pain 
in  the  knee;  in-itation  of  the  ovary  will  cause  pain  under  the  mamma; 
various  disorders  of  the  liver  occasion  pain  under  the  left  scapida;  atten- 
tion is  often  drawn  to  diseases  of  the  heart  by  shooting  pains  along  the 
arms;  stimulation  of  the  nij)ple,  whether  in  the  male  or  female,  gives 
rise  to  peculiar  sensations  referred  to  the  genital  organs ;  the  sudden 
introduction  of  ice  into  the  stomach  will  cause  intense  pain  in  the  supra- 
orbital region,  and  the  same  pain  is  frequently  occasioned  by  the  presence 
of  acid  in  the  stomach,  and  may  be  very  quickly  relieved  by  its  neutral- 
ization with  an  alkali.  It  will  be  seen  that  in  most  of  these  cases  it  is 
impossible  to  refer  the  sensations  to  any  direct  nervous  connection  with 
the  parts  on  which  the  impressions  ai'e  made ;  and  they  can  scarcely  be 
otherwise  accounted-for,  than  by  supposing  that  these  impressions  pro- 
duce sensorial  changes,  which  are  referred  to  other  parts,  in  virtue  of 
some  central  track  of  communication  with  them,  analogous  to  that 
through  which  reflex  movements  are  excited.  There  are  circumstances, 
indeed,  which  seem  to  render  it  not  improbable,  that  just  as  the  impres- 
sion brought  by  the  afferent  nerves  to  the  central  organs,  excites  a  reflex 
naovement  by  disturbing  the  polarity  of  a  motor  nerve,  it  may  excite  a 
'reflex  sensation'  by  disturbing  the  polarity  of  a  sensory  nerve.  Certain 
it  is  that,  after  the  long  continuance  of  some  of  these  reflex  sensations, 
the  organs  to  which  they  are  referred  themselves  become  diseased, 
although  previously  quite  healthy ;  thus,  pain  in  the  testicle  is  frequently 
induced  by  irritation  having  its  seat  in  the  lower  part  of  the  spine,  but, 
if  this  continue,  some  morbid  affection  of  the  testicle  itself  is  likely 
to  supervene ;  and  Sir  B.  Brodie  *  has  recorded  several  cases,  in  which 
'nervous'  pains  in  various  parts,  apparently  of  a  pm-ely  subjective  cha- 
racter, have  been  followed  by  pain  and  swelling  of  the  integuments. 
These  phenomena  are  perhaps  due  to  that  habitual  direction  of  the  con- 
sciousness to  the  part,  which  is  prompted  by  the  habitual  sensation ;  this 
condition,  as  we  shall  see  hereafter  (chap,  xviii.),  being  itself  adequate  to 
the  production  of  changes  in  its  ordinary  nutritive  action. 

859.  It  seems  to  be  by  an  innate  law  of  our  constitution,  that  these 


•  "  On  Local  Nervous  Affections,"  1837. 
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ibjcctive  sensations,  whether  originating  at  the  central  terminations  of 
lovves,  or  in  the  course  of  their  trunks,  should  be  referred  by  the  mind 
>  the  ordinary  situations  of  their  peripheral  terminations  ;  even  thovigh 
lese  should  not  exist,  or  should  be  destitute  of  the  power  of  receiving 
ipvessions.     Thus  after  amputations,  the  patients  are  for  some  time 
i'ected  with  sensations  (originating  probably  in  the  cut  extremities  of  the 
A-rves),  which  they  refer  to  the  removed  extremities;  the  same  has  been 
noticed  in  regai'd  to  the  eye,  as  well  when  it  has  been  completely  extir- 
]  )ated,  as  when  its  powers  have  been  destroyed  by  disease.    The  effects  of 
I  lie  Taliacotian  operation  also  exhibit  the  operation  of  this  law  in  a 
riu'ious  manner;  for  until  the  flap  of  skin  from  which  the  new  nose  is 
t'ljrmed,  obtains  vascular  and  nervous  connections  in  its  new  situation,  the 

■  sensation  produced  by  touching  it  is  referred  to  the  forehead.  Another 
i;  interesting  illustration  of  it  may  be  obtained  by  the  following  very  simple 
e  experiment :  —  if  the  middle  finger  of  either  hand  be  crossed  behind  the 
!•  fore-finger,  so  that  its  extremity  is  on  the  radial  side  of  the  latter,  and  the 
I  ends  of  the  two  fingers  thus  disposed  be  rolled  over  a  marble,  pea,  or 
I  other  round  body,  a  sensation  will  be  produced,  which,  if  uncorrected  by 
;  reason,  would  cause  the  mind  to  believe  in  the  existence  of  two  distinct 
'  bodies;  this  is  due  to  the  impression  being  made  at  the  same  time  upon 
1  the  radial  side  of  the  fore-finger,  and  the  ulnar  side  of  the  middle  finger, 
-  —  two  joints  which,  in  the  natural  position,  are  at  a  considerable  dis- 

■  tance. 

860.  Sensations  of  a  piu-ely  subjective  nature  may  excite  precisely  the 
;  same  muscular  movements,  or  other  changes  in  the  bodily  system,  as  do 

similar  sensations  produced  by  objective  realities.  Of  this  we  have  abun- 
dant evidence  in  the  effects  of  sensations  called-up  by  ideas  (§§  758,  863); 
the  following  example,  however,  is  peculiarly  valuable,  as  showing  that 
the  sensation  still  operates  in  directing  movement,  even  though  there  be 
an  intellectual  consciousness  that  there  is  no  objective  cause  for  it, 
and  that  the  movement  is  consequently  inappropriate.  A  lady  nearly 
connected  with  the  Author,  having  been  fcightened  in  childhood  by  a 
black  cat,  which  sprang  vip  from  beneath  her  pillow  just  as  she  was 
laying  her  head  upon  it,  was  accustomed  for  many  years  afterwards, 
whenever  she  was  at  all  indisposed,  to  see  a  black  cat  on  the  ground 
before  her ;  and  although  perfectly  aware  of  the  spectral  character  of  the 
appearance,  yet  she  could  never  avoid  lifting  her  foot  as  if  to  step  over 
the  cat,  when  it  seemed  to  be  lying  in  her  path. 

861.  The  acuteness  with  which  particular  Sensations  are  felt,  is  influ- 
enced in  a  remarkable  degree  by  the  attention  they  receive  from  the  mind. 
If  the  mind  be  entirely  inactive,  as  in  profound  sleep,  no  sensation  what- 
ever is  produced  by  ordinary  impressions ;  and  the  same  is  the  case  when 
the  attention  is  so  completely  concentrated  upon  some  object  of  thought 
or  contemplation,  that  sensations  altogether  unconnected  with  it  fail  to 
make  any  impression  on  the  perceptive  consciousness.  On  the  other 
hand,  when  the  attention  is  from  any  cause  strongly  directed  upon  them, 
impressions  very  feeble  in  themselves  produce  sensations  of  even  painful 
acuteness ;  thus  every  one  knows  how  much  a  slight  itching  of  some  part 
of  the  surface  may  be  magnified  by  the  direction  of  the  tliougbts  to  it, 
whilst,  as  soon  as  they  are  forced  by  some  stronger  impression  into 
another  channel,  the  irritation  is  no  longer  felt;  so,  too,  it  must  bo 
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witliiu  the  experience  of  most  persons,  how  vividly  sounds  are  perceived 
when  they  break-in  upon  the  stillness  of  the  night,  being  increased  in 
strength,  not  only  by  the  contrast,  but  by  absorbing  the  whole  attcntiou. 
An  interesting  experiment  is  mentioned  by  Miiller,  which  shows  how 
completely  the  mind  may  be  unconscious  of  impressions  communicated 
to  it  by  one  organ  of  sense,  when  occupied,  even  without  a  distinct  effort 
of  the  will,  by  those  received  through  another.  If  w^e  look  at  a  sheet  of 
white  paper  through  two  differently-coloured  glasses  at  the  same  time, — 
one  being  placed  before  each  eye, —  the  resulting  sensation  is  seldom  that 
of  a  mixture  of  the  colours  :  if  the  experiment  be  tried  with  blue  and 
yellow  glasses,  for  example,  we  do  not  see  the  paper  of  an  uniform  green ; 
but  the  blue  is  predominant  at  one  moment,  and  the  yellow  at  another; 
or  blue  nebulous  spots  may  present  themselves  on  a  yellow  field,  or 
yellow  sjjots  on  a  blue  field.  We  perceive  from  this  experiment,  that  the 
attention  may  not  only  be  directed  to  the  impressions  made  on  either 
retina,  to  the  complete  exclusion  of  those  of  the  other,  but  it  may  be 
directed  to  those  made  on  particular  spots  of  either.  This  may  be 
noticed,  again,  in  the  process  by  which  we  make  om-selves  acquainted 
with  a  landscape  or  a  picture ;  if  our  attention  be  directed  to  the  whole 
field  of  vision  at  once,  we  see  nothing  distinctly ;  and  it  is  only  by 
abstracting  ourselves  from  the  contemplation  of  the  greater  part  of  it,  and 
by  directing  our  attention  to  smaller  portions  in  succession,  that  we  can 
obtain  a  definite  conception  of  the  details.  The  same  is  the  case  in 
regard  to  auditory  impressions;  and  here  the  power  of  attention,  in  caus- 
ing one  sensation  or  series  of  sensations  to  predominate  over  others  which 
are  really  more  intense,  is  often  most  remarkably  manifested.  When  we 
are  listening  to  a  piece  of  music  played  by  a  large  orchestra,  for  example, 
wo  may  either  attend  to  the  combined  effect  of  all  the  instmments,  or  we 
may  single-out  any  one  part  in  the  harmony,  and  follow  this  through  all 
its  mazes;  and  a  person  with  a  practised  ear  (as  it  is  commonly  but 
erroneously  termed,  it  being  not  the  ear,  but  the  mind,  that  is  practised,) 
can  even  distinguish  the  soimd  of  the  weakest  instrument  in  the  whole 
band,  and  can  follow  its  strain  through  the  whole  performance.  This 
attention  to  a  single  element  can  only  be  given,  however,  by  withdrawing 
the  mind  from  the  perception  of  the  remainder ;  and  a  musician  who 
th\is  listens,  will  have  very  little  idea  of  the  rest  of  the  harmonic  parts,  or 
of  the  general  effect.  In  fact,  when  the  mind  is  thus  directed,  by  a  strong 
effox-t  of  the  will,  into  a  particular  channel,  it  may  be  almost  considered 
as  unconscious  quoad  any  other  impressions. 

862.  The  effects  of  attention  are  not  only  manifested  in  regard  to  the 
sensations  which  are  excited  by  external  impressions,  but  also  in  respect 
to  those  which  originate  within  the  system.  Every  one  is  awai'e  how 
difficult  it  is  to  keep  the  body  perfectly  quiescent,*  especially  when  there 
is  a  particular  motive  for  doing  so,  and  when  the  attention  is  strongly 
directed  to  the  object.  This  is  experienced  even  whilst  a  photogenic  like- 
ness is  being  taken,  when  the  position  is  chosen  by  the  individual,  and  a 
support  is  adapted  to  assist  him  in  retaining  it;  and  it  is  still  more 
strongly  felt  by  the  performers  in  the  '  tableaux  vivans,'  who  cannot  keep 
up  the  effort  for  more  than  three  or  four  minutes.    Now  it  is  well  known 

*  Of  course  the  moyemeiits  of  respiration  and  winking  are  left  out  of  the  question. 
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hat,  when  the  attention  is  strongly  directed  to  an  entirely  different  object 
when  we  are  listening,  for  example,  to  an  eloquent  sermon,  or  an  intcr- 
^ring  lectm-e),  the  body  may  remain  perfectly  motionless  for  a  much 
iger  period;  the  uneasy  sensations,  which  wotJd  otherwise  have  in- 
'uced  the  individual  to  change  his  position,  not  being  perceived  :  but  no 
..ner  is  the  discourse  ended,  than  a  simultaneous  movement  of  the 
viiole  audience  takes  place,  every  one  then  becoming  conscious  of  some 
liscomfoi-t,  which  he  seeks  to  relieve.    This  is  the  case  also  in  regard  to 
he  respiratory  sensation;  for  it  may  generally  be  observed  that  the  usual 
vriex  movements  do  not  suffice  for  the  perfect  aeration  of  the  blood, 
lud  that  a  more  prolonged  inspiration,  prompted  by  an  uneasy  feeling, 
akes  place  at  intervals;  but  under  such  circumstances  as  those  just 
illuded-to,  this  feeling  is  not  experienced  until  the  attention  ceases  to  be 
Migaged  by  a  more  powerful  stimulus,  and  then  it  manifests  itself  by  the 
leap  inspirations,  which  accompany,  in  almost  every  individual,  the  gene- 
ral movement  of  the  body. 

863.  It  is  remarkable  that  not  merely  are  subjective  sensations,  like  all 
others,  rendered  more  intense  by  the  direction  of  the  attention  to  them, 
but  they  may  be  actually  called  into  existence  by  the  fixation  of  the 
attention  on  certain  parts  of  the  body,  still  more,  by  the  belief  in  the 
existence  of  objective  causes  for  such  sensations.    The  "  effects  of  mental 
.attention  on  bodily  organs"  have  been  specially  pointed  out  by  Dr. 
'  Holland ;  *  from  whose  examples  the  following  may  be  cited  in  proof  of 
the  foregoing  position.    "  The  attention  concentrated,  for  so  by  an  effort 
of  will  it  may  be,  on  the  head  or  sensorium,  gives  certain  feelings  of 
'tension  and  uneasiness,  caused  possibly  by  some  change  in  the  circulation 
>:of  the  part ;  though  it  may  be  an  effect,  however  difficult  to  be  conceived, 
1  on  the  nervous  system  itself.    Persistence  in  this  effort,  which  is  seldom 
i'  indeed  possible  beyond  a  short  time  without  ^confusion,  produces  results 
J  of  much  more  complex  nature,  and  scarcely  to  be'  defined  by  any  common 
:i terms  of  language."    "Stimulated  attention  will  frequently  give  a  local 
-sense  of  arterial  pulsation  where  not  frequently  felt,  and  create  or  aug- 
!  ment  those  singing  noises  in  the  ears,  which  probably  depend  on  the  cir- 
culation through  the  capillary  vessels."    A  similar  direction  of  conscious- 
ness to  the  region  of  the  stomach,  creates  in  this  part  a  sense  of  weight, 
oppression,  or  other  less  definite  uneasiness;  and,  when  the  stomach  is 
fidl,  appears  gi'eatly  to  disturb  the  due  digestion  of  the  food.    The  state 
and  action  of  the  bowels  are  much  influenced  by  the  same  cause."  A 
peculiar  sense  of  weight  and  restlessness  approaching  to  cramp,  is  felt  in 
I  a  limb,  to  which  the  attention  is  particularly  directed.    So,  again,  if  the 
attention  be  steachly  directed  to  almost  any  part  of  the  surface  of  the 
body,  some  feeling  of  itching,  creeping,  or  tickling  will  soon  be  experi- 
enced.— The  fact  that  sensations  may  be  modified  by  previous  beliefs,  which 
must  be  within  the  experience  of  every  one,  is  remarkably  illustrated  by 
the  well-known  exclamation  of  Dr.  Pearson,  "  Bless  me,  how  heavy  it  is," 
when  ho  first  poised  upon  his  finger  the  globule  of  potassium  produced  by 
the  battery  of  Davy ;  his  preconception  of  the  coincidence  between  metal- 
lic lustre  and  high  specific  gi'avity,  causing  him  to  feel  that  as  ponderous, 

*  See  liis  valuable  Essay  on  that  subject  in  his  "  Medical  Notes  and  Reflections,"  and  in 
his  "  Chapters  on  Mental  Physiology." 
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which  the  unen-ing  test  of  the  balance  determined  to  be  lighter  than 
water.— Of  the  absolute  creation  of  subjective  sensations  by  the  belief  in 
the  existence  of  their  objective  causes,  the  two  following  cases,  related  by 
Prof  Bennett,*  are  very  satisfactory  examples;  the  effect  of  the  idea  not 
being  limited  to  the  production  of  the  sensations,  but  extending  itself  to 
the  consequences  which  would  have  followed  those  sensations  if  then  sup- 
posed cause  had  been  real.  "  A  clergyman  told  me,  that  some  time  ago 
suspicions  were  entertained  in  his  parish,  of  a  woman  who  was  supposed 
to  have  poisoned  her  newly-born  infant.  The  coffin  was  exhumed,  and 
the  procurator-fiscal,  who  attended  with  the  medical  men  to  examine  the 
body,  declai-ed  that  he  already  perceived  the  odour  of  decomposition, 
which  made  him  feel  faint,  and  in  consequence  he  withdrew.  But,  on 
opening  the  coffin,  it  was  found  to  be  empty ;  and  it  was  afterwards  ascer- 
tained that  no  child  had  been  born,  and  consequently  no  murder  com- 
mitted." The  second  case  is  yet  more  remarkable.  "A  butcher  was 
brought  into  the  shop  of  Mr.  Macfarlan,  the  druggist,  from  the  market- 
place opposite,  laboming  under  a  terrible  accident.  The  man,  on  trying 
to  hook-up  a  heavy  piece  of  meat  above  his  head,  slipped,  and  the  sharp 
hook  penetrated  his  arm,  so  that  he  himself  was  suspended.  On  being 
examined,  he  was  pale,  almost  pulseless,  and  expressed  himself  as  suffer- 
ing acute  agony.  The  arm  could  not  be  moved  without  causing  excessive 
pain ;  and  in  cutting  off  the  sleeve,  he  frequently  cried  out ;  yet  when  the 
arm  was  exiDOsed,  it  was  found  to  be  quite  uninjured,  the  hook  having 
only  traversed  the  sleeve  of  his  coat ! "  In  this  and  similar  cases,  the  sen- 
sation was  perfectly  real  to  the  individual  who  exjDerienced  it;  but  it 
originated  in  a  Cerebral  (ideational)  change  which  produced  its  impression 
through  the  nerves  of  internal  sensation.  (§  758),  instead  of  in  an  im- 
pression upon  the  nerves  of  the  external  senses  to  which  it  was  referred. 
Of  this  kind  of  action  we  have  seen  other  examples,  in  the  production  of 
sensations  by  '  suggestion'  in  the  state  of  artificial  reverie  (§  825).  And  the 
excitement  of  the  peculiar  sensation  of  tickling  in  a  ticklish  person  by  any 
movement  that  suggests  the  idea,  and  of  that  of  creeping  or  itching  by  the 
mention  of  bed-infesting  insects  to  those  who  are  peculiarly  liable  to  their 
attacks,  ai'e  familiar  instances  of  the  same  fact ;  which  strongly  confirms  the 
general  doctrines  heretofore  advanced,  respecting  the  analogy  between  the 
peripheral  surface  of  the  Cerebrum  and  the  peripheral  expansions  of  the 
Sensoiy  nerves,  as  regards  theii-  mutual  relations  to  the  Sensorium  (§  753). 

2.  Sense  of  Touch. 

864.  By  the  sense  of  Touch,  as  commonly  understood,  is  meant  that 
modification  of  the  common  sensibility  of  the  body,  of  which  the  Cuta- 
neous surface  is  the  especial  seat.  The  Skin  is  peculiarly  adapted  for  this 
purpose,  not  merely  by  the  large  amount  of  sensory  nervous  fibres  which 
are  distributed  in  its  substance,  but  also  by  its  possession  of  a  papillai-y 
apparatus  in  which  these  nerves  terminate,  or  rather  commence.  The  pa- 
2nlla}  are  little  elevations  of  the  surface  of  the  cutis,  easily  perceptible  by 
the  aid  of  a  lens;  each  is  chiefly  composed  of  a  vascular  loop  (Fig.  138). 
in  close  relation  with  a  similar  loop  formed  by  the  nervous  fibril;  and 

*  "  The  Mesmeric  Mania  of  1851."    Edinburgh,  1851. 
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Fig.  138. 


0  encloses  (as  appcai-s  from  the  recent  researches  of  Professors  Wagner 

1  Kolliker)  an  '  axile  body,'  composed  of  a  mass  of  homogeneous  areolar 
>siie  with  an  external  layer  of  imperfectly-developed  elastic  tissue,  and 
-cntially  similar  to  the  bundles  of  fibrous  tissue  encircled  by  elastic 
ires  which  ai'e  to  be  found  in  the  cutis.    These  '  axile  bodies'  are  only 

,o  be  found  in  the  papillae  of  those  parts  which  are  distinguished  for 
lacuteness  of  tactile  sensibility;  and  hence  we  cannot  regai-d  them  as 
sissential  to  the  exercise  of  the  sense  of  touch,  their  function  probably 
nbeing  to  intensify  tactile  impressions,  where 
[delicacy  of  touch  is  peculiarly  required.* 
[The  number  of  these  papillae  within  any 
rgiven  area,  pretty  closely  corresponds  with 
ithe  degree  of  sensibility  of  that  part  of  the 
isurface ;  thus  we  find  them  most  abundant 
>on  the  hands,  especially  towards  the  points 
of  the  fingers,  and  on  the  lips  and  tongue. 
':^Some  interesting  obsei*vations  have  been 
made  by  Prof  Weber,  on  the  sensibility  of 
different  parts  of  the  skin.    His  mode  of 
ascert^iining  this,  was  to  touch  the  surface  with  the  legs  of  a  pair  of  com- 
passes, the  points  of  which  were  gaiarded  with  pieces  of  cork;  the  eyes 
being  closed  at  the  time,  the  legs  were  approximated  to  each  other,  until 
\  they  were  brought  within  the  smallest  distance  at  which  they  could 
\  be  felt  to  be  distinct  from  one  another,  which  has  been  termed  by  Dr. 
^  Graves  '  the  limit  of  confusion.' — The  following  are  some  of  the  results  of 
t  his  experiments. 


Capillary  net- work  at  margin  of  lips. 


Point  of  tongue  . 

Palmar  surface  of  third  phalanx 

Red  surface  of  lips 

Palmar  surface  of  second  phalanx 

Dorsal  surface  of  third  phalanx 

Palmar  surface  of  metacarpus 

Tip  of  the  nose  . 

Dorsuni  and  edge  of  tongue 

Part  of  lips  covered  by  skin 

Palm  of  hand 

Skin  of  cheek 

Extremity  of  great  toe 

Hard  palate 

Dorsal  surface  of  first  phalanx  . 
Dorsum  of  hand  . 


^  of  a  line. 

1  line. 

2  lines. 
2 


Mucous  membrane  of  gums 

Lower  part  of  forehead  . 

Lower  part  of  occiput 

Back  of  hand 

Neck,  under  lower  jaw 

Vertex 

Skin  over  patella 


5» 


sacrum  . 
•  acromion 


Dorsum  of  foot 
Skin  over  sternum 
Skin  beneath  occiput 
Skin  over  spine,  in  back 
Middle  of  the  arm 


thigh 


9  lines. 
10  „ 
12  „ 
14  „ 
15 
15 
16 
18 
18 
18 
20 
24 
30 
30 
30 


!  It  is  curious  that  the  distance  between  the  legs  of  the  compasses 
•  seemed  to  be  greater  (althou.gh  really  so  much  less),  when  it  was  felt  by 
t  the  more  sensitive  parts,  than  when  it  was  estimated  by  parts  of  less  dis- 
f  tinct  sensibility.  With  the  extremities  of  the  fingers  and  the  point  of  the 
■  tongue,  the  distance  could  be  distinguished  most  easily  in  the  longitudinal 
direction  J  on  the  dorsum  of  the  tongue,  the  face,  neck,  and  extremities, 
'  the  distance  could  be  recognised  best  when  the  points  were  placed  trans- 
'  versely.    As  a  general  fact,  it  seems  that  the  sensibility  of  the  trunk 

*  The  accounts  of  the  structure  of  the  tactile  papillse  given  by  Prof.  Kolliker  in  his 
"  Mikroskopische  Anatomic,"  band  ii.  p.  24,  and  in  the  "  Zeitsclirift  fUr  Wissenschaften 
Zoologie,"  band  iv.  heft  1,  1852,  are  here  followed.  For  a  notice  of  the  peculiar  views  of 
Prof.  W.igner,  see  the  "  Brit,  and  For.  Med.-Chir.  Rev.,"  vol.  x.  p.  251. 
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is  greater  on  the  median  line,  both  before  and  behind,  and  less  at  tho 
sides.  Differences  in  the  temperature  and  weight  of  bodies,  were,  accord- 
ing to  Prof  Weber's  observations,  most  accurately  recognized  at  the  parts 
which  were  determined  to  be  most  sensible  by  the  foregoing  method 
of  inquiry.* 

865.  As  already  stated  (§  855),  the  only  idea  communicated  to  our 
minds  by  the  sense  of  Touch,  when  exercised  in  its  simplest  form,  is  tliat 
of  Resistance;  and  it  is  by  the  various  degi'ees  of  resistance  which  the 
sensory  sm-face  encounters,  of  which  we  partly  judge  by  the  muscular 
sense  (§  750),  that  we  estimate  the  hardness  or  softness  of  the  body 
against  which  we  press.  It  is  only  when  either  the  sensory  sm-face  or  the 
substance  touched  is  made  to  change  its  place  in  regard  to  the  other,  that 
we  obtain  the  additional  notion  of  extension  or  S2)ace;  this  also  beiug 
derived  from  the  combination  of  tlie  muscular  with  the  tactile  sense. 
By  the  impressions  made  upon  the  papillse,  during  the  movement  of  tlie 
tactile  organ  over  the  body  which  is  being  examined,  the  roughnes-s, 
smoothness,  or  other  peculiar  characters,  of  the  siu'face  of  the  latter 
are  estimated.  Our  knowledge  of  form,  however,  is  a  very  complex 
process,  requiring  not  merely  the  exercise  of  the  sense  of  touch,  but 
also  great  attention  to  the  muscular  sensations. — It  is  chiefly,  as  formerly 
remarked,  in  the  variety  of  movements  of  which  the  hand  of  Man  is 
capable,  that  it  is  superior  to  that  of  any  other  animal ;  and  it  cannot  be 
doubted  that  the  sense  of  Touch  thus  employed,  affords  us  a  very  import- 
ant means  of  acquiring  information  in  regard  to  the  external  world,  and 
especially  of  correcting  many  vague  and  fallacious  notions  which  we 
should  derive  from  the  sense  of  Sight,  if  used  alone.  On  the  other  hand, 
it  must  be  confessed,  that  our  knowledge  would  have  a  very  limited 
range,  if  this  sense  were  the  only  medium  throiigh  which  we  could  acquire 
ideas.  It  is  probably  on  the  sensations  communicated  thi'ough  the  Touch, 
that  the  idea  of  the  material  world,  as  something  external  to  ourselves, 
chiefly  rests ;  but  this  idea  is  by  no  means  a  logical  deduction  from  om- 
experience  of  these  sensations,  being  rather  an  instinctive  or  intidtive  per- 
ception directly  excited  by  them  (§  790). 

866.  That  the  conditions  under  which  certain  of  the  modifications 
of  common  sensation  operate,  are  in  some  respects  different  from  those  of 
ordinaiy  Touch,  is  very  easily  shown.  Thus,  the  feehng  of  tickling  is 
excited  most  readily  in  parts  which  have  but  a  low  tactile  sensibility, 
namely,  the  armpits,  flanks,  and  soles  of  the  feet;  whilst  in  the  points  of 
the  fingers,  whose  tactile  sensibility  is  most  acute,  it  cannot  be  excited. 
Moreover,  the  nipple  is  very  moderately  endowed  with  ordinary  sensi- 
bility ;  yet  by  a  particular  kind  of  irritation,  a  very  strong  feeling  may  be 
excited  through  it. — Again,  in  regard  to  Temperature,  it  is  remarked  by 

*  See  his  Memoir  "  De  Pulsu,  Respiratione,  Aiiditu,  et  Tactu,"  Lipsiaj,  1834.  This 
method  of  inquiry  has  been  since  pursued  by  M.  H.  Belfield-Lefevre  ("Recherches  sur  la 
Nature,  la  Distribution  et  I'Organ  du  Sens  Tactile,"  Paris,  1837),  and  by  Prof.  Valentin 
("  Lehrbuch  der  Physiologie  des  Menschen,"  band  ii.  $  566),  with  the  same  general  results.' 
It  was  found  by  Prof.  Valentin,  however,  that  a  considerable  amount  of  individual  v.iriation 
exists  in  regard  to  the  '  limit  of  confusion;'  some  persons  being  able  to  distinguish  the 
points  at  one-half  or  even  one-third  of  the  distances  required  by  others. — In  the  Author's 
article  '  Touch'  in  the  "  Cyclopaedia  of  Anatomy  and  Physiology,"  vol.  iv.  p.  116.0,  will  be 
found  a  Table  including  the  whole  series  of  observations  made  by  Profrs.  Weber  and 
Valentin,  the  maxima  and  minima  of  the  latter  being  stated,  as  well  as  the  means. 
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Weber,  that  the  left  hand  is  more  sensitive  than  the  right :  although  the 
sense  of  touch  is  undoubtedly  the  most  acute  in  the  latter.    He  states 
that,  if  the  two  hands,  previously  of  the  same  temperature,  be  plunged 
into  separate  basins  of  warm  water,  that  in  which  the  left  hand  is 
immersed  will  be  felt  as  the  warmest,  even  though  its  temperature  is 
soniewhat  lower  than  that  of  the  other.    In  regard  to  the  sensations 
of  heat  and  cold,  he  points  out  another  cmious  fact, — that  a  weaker 
impression  made  on  a  large  surface,  seems  more  powerful  than  a  stronger 
impression  made  on  a  small  surface ;  thus,  if  the  forefinger  of  one  hand 
be  immersed  in  water  at  104°,  and  the  whole  of  the  other  hand  be 
plunged  in  water  at  102°,  the  cooler  water  will  be  thought  the  warmer; 
whence  the  well-known  fact,  that  water  in  which  a  finger  can  be  held, 
will  scald  the  whole  hand.    Hence  it  also  follows,  that  minute  differences 
in  temperature,  which  are  imperceptible  to  a  single  finger,  are  appreciated 
by  plunging  the  whole  hand  into  the  water ;  in  this  manner,  a  difference 
of  one-third  of  a  degree  may  readily  be  detected,  when  the  same  hand 
is  placed  successively  in  two  vessels.    The  judgment  is  more  accurate, 
when  the  temperature  is  not  much  above  or  below  the  usual  heat  of  the 
body  ;  just  as  sounds  are  best  discriminated,  when  neither  very  acute  nor 
veiy  gi'ave. — Some  further  experiments  have  recently  been  made  by  Pro- 
fessor Weber,  to  determine  whether  the  sense  of  temperature  is  received 
thi'ough  any  other  channel  than  the  sensory  apparatus  contained  in  the 
integuments.*    The  fii-st  means  of  which  he  availed  himself  for  deciding 
this  question,  was  that  afforded  by  the  results  of  accident  or  surgical  ope- 
rations, in  which  a  portion  of  skin  had  been  left  deficient.  Thus,  in  three 
cases  in  which  a  large  portion  of  the  skin  had  been  destroyed  by  a  bum, 
and  in  which  healing  had  not  advanced  so  far  as  to  renew  the  organ  of 
touch,  it  was  found  that  no  correct  discrimination  could  be  made  between 
two  spatulas,  one  of  them  at  a  temperature  of  from  48°  to  54°,  the  other  of 
fi'om  113°  to  122°,  which  were  brought  into  contact  with  the  denuded  sur- 
face ;  so  that  one  of  these  patients  thrice  affirmed  that  he  was  being  touched 
with  the  cold  body,  when  it  was  the  warm,  and  the  reverse.    But  when 
the  spatula  was  in  one  instance  made  somewhat  warmer,  and  was  brought 
into  contact  with  the  unskinned  surface,  the  patient  felt,  not  heat  but 
pain.   Another  means  of  gaining  information  on  this  point,  is  afforded  by 
the  ingestion  or  injection  of  a  large  quantity  of  warm  or  cold  fluid  into 
the  stomach  or  intestinal  canal.    Thus  Professor  Weber  states,  that  after 
drinking  a  tumbler  of  water  at  32°,  he  felt  the  cold  water  in  the  mouth, 
in  the  palate,  and  in  the  pharynx,  as  far  as  the  limits  of  the  sense  of 
touch ;  but  that  the  gradual  passage  of  the  cold  water  into  the  stomach  could 
not  be  perceived.    There  was,  it  is  true,  a  slight  sensation  of  cold  in  the 
gastric  region  ;  but  as  it  only  occupied  the  situation  of  the  anterior  wall 
of  the  stomach,  it  was  attributable  to  the  abstraction  of  heat  from  the 
abdominal  integuments  in  contact  with  this.    In  an  opposite  experiment, 
the  author  drank  quickly  three  glasses  of  milk,  the  temperature  of  the 
first  of  which  was  158°,  that  of  the  second  145°,  whilst  that  of  the  third 
was  intermediate  between  the  two.    The  sensation  of  heat  could  not  be 
traced  lower  down  that  that  of  the  cold  in  the  previous  experiment.  At 
the  moment  when  the  fluid  entered  the  stomach,  there  was  a  feeling 
which  remained  for  some  time,  but  which  could  not  be  distinguished  as 

•  "  Miiller'8  Archiv.,"  1849.    Heft  iv.  s.  273-283. 
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lieat,  being  mistakeable  for  cold.  In  order  to  ascertain  the  sensation 
produced  in  the  large  intestine  by  cold  water,  an  injection  of  14  ounces 
of  water  of  the  temperatiu-e  of  65°  was  thrown  up  the  rectum;  but 
scarcely  any  sensation  of  cold  could  be  perceived  from  it.  In  another 
instance,  21  ounces  of  water  at  the  same  temperature  were  thrown  up, 
without  any  resulting  sensation  of  cold.  In  both  these  cases,  on  the 
return  of  the  enema  a  few  minutes  afterwards,  a  distinct  feeling  of  cold 
was  experienced  at  the  anus.  When  water  of  so  low  a  temperatiire  as 
45 1°  was  injected,  the  first  feeling  excited  was  a  sensation  of  cold  in  the 
immediate  neighbom"hood  of  the  anus,  and  then  a  feeble  movement  in 
the  bowels ;  but  a  little  time  afterwards,  there  was  a  faint  sensation  of 
cold,  especially  in  the  anterior  waU  of  the  abdomen.  This  sensation, 
however,  remained  after  the  return  of  the  water ;  and  may  hence  be  attri- 
buted to  the  abstraction  of  warmth  from  the  abdominal  integuments, 
which  was  proved  to  take  place,  the  temperature  of  the  surface  being 
lowered  3°.  So,  aguin,  if  the  cavity  of  the  nose  be  filled  with  cold 
water,  the  coldness  is  only  perceived  in  the  parts  of  the  cavity  which  are 
most  endowed  with  the  proper  tactile  sense,  namely,  the  neighbourhood 
of  the  nostrils  and  of  the  pharynx  ;  and  it  is  not  all  discei'nible  in  the 
higher  part  of  the  cavity,  which  is  especially  subservient  to  the  olfactory 
sense.  But  when  the  water  injected  is  very  cold  (e,  g.  41°),  a  peculiar 
pain  is  felt  in  the  upper  part  of  the  nasal  fossa?,  extending  to  the  regions 
of  the  forehead  and  the  lachrymal  canals ;  this  pain,  however,  is  alto- 
gether different  from  the  sense  of  coldness. — From  the  foregoing  experi- 
ments it  appears  fair  to  conclude,  that  the  sensory  nerves  have  no  power 
of  receiving  impressions  indicative  of  difference  of  temperature,  unless 
those  impressions  are  communicated  through  a  special  organ  ;  but  they 
afford  no  adequate  gi'ound  for  the  supposition,  that  a  set  of  nei-ve-fibres  is 
provided  for  their  transmission,  distinct  fi'om  those  which  minister  to 
common  sensation.  This  conclusion  is  confirmed  by  the  fact,  that  we 
cannot  excite  impressions  of  heat  or  cold  by  direct  application  to  the 
trunks  of  nerves  which  we  know  must  conduct  such  impressions  :  for 
the  pai'ts  of  the  skin,  immediately  beneath  which  lie  large  nerve-trunks, 
are  not  more  sensitive  to  moderate  heat  or  cold  than  ai^e  any  others ; 
whilst  a  gi-eater  degi'ee  of  either  is  felt  as  pain,  not  as  a  change  of  tem- 
perature. Thus,  a  mixture  of  ice  and  water,  applied  over  the  uhiar 
nerve,  affects  it  in  fifteen  seconds,  and  produces  severe  pain,  having  no 
resemblance  to  cold,  such  as  cannot  be  excited  by  the  same  cold  applied 
to  any  other  region.  So  the  nei've  of  the  tooth-pulp  is  equally  and 
similarly  affected  by  water  of  43°  and  of  112°;  either  application  causing 
a  pain  exactly  similar  to  that  excited  by  the  other,  or  to  that  produced  by 
pressure.  The  same  is  true  of  the  impressions  received  through  the  skin 
itself,  when  they  pass  beyond  certain  limits  of  intensity ;  thus,  the  sensa- 
tion produced  by  touching  frozen  mercury  is  said  to  l)e  not  distingTiish- 
able  from  that  which  results  from  touching  a  red-hot  iron. 

867.  The  improvement  in  the  sense  of  Touch,  in  those  persons  whose 
dependence  upon  it  is  increased  by  the  loss  of  other  senses,  is  well  known; 
this  is  doubtless  to  be  in  part  attributed  (as  already  remarked)  to  the  in- 
creased attention  which  is  given  to  the  sensations,  and  in  part,  it  may  be 
surmised,  to  an  increased  development  of  the  tactile  organs  themselves, 
resulting  from  the  fi'e(juent  use  of  them.    The  process  of  the  acquii'e- 
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raent  of  the  power  of  recognising  elevated  characters  by  the  touch,  is  a 
remarkable  example  of  this  improvability.    When  a  blind  person  first 
commences  leai'ning  to  read  in  this  manner,  it  is  necessary  to  use  a  large 
type;  and  every  individual  letter  must  be  felt  for  some  time,  before  a 
distinct  idea  of  its  form  is  acquired.    After  a  short  period  of  diligent 
apphcation,  the  individual  becomes  able  to  recognise  the  combination  of 
letters  in  words,  without  forming  a  separate  idea  of  each  letter  j  and  can 
read  line  after  line,  by  passing  the  finger  over  each,  with  considerable 
rapidity.    When  this  power  is  once  thoroughly  acquired,  the  size  of  the 
type  may  be  gradually  diminished ;  and  thus  blind  persons  may  bring 
themselves,  by  suflficient  practice,  to  read  a  type  not  much  larger  than 
that  of  an  ordinaiy  large-print  Bible.     The  case  of  Saunderson,  who, 
although  he  lost  his  sight  at  two  years  old,  became  Professor  of  Mathe- 
matics at  Cambridge,  is  well  known ;   amongst  his  most  remarkable 
faculties,  was  that  of  distinguishing  genuine  medals  from  imitations, 
which  he  could  do  more  accurately  than  many  connoisseurs  in  full  pos- 
session of  their  senses.     Several  instances  are  recorded,  of  men  who 
became  eminent  as  Sculptors  after  the  loss  of  their  sight,  and  who  were 
particulai-ly  successful  in  modelling  portrait-busts  :  here,  it  is  obvious, 
not  merely  the  tactile  but  the  muscular  sensibility  must  be  greatly  aug- 
mented in  acuteness  by  the  habit  of  attention  to  it.    The  power  of  im- 
mediate recognition  of  individuals  by  the  slightest  contact  of  the  hands, 
even  after  long  periods  of  time,  which  most  blind  and  deaf  persons  have 
thsplayed,  is  one  of  the  most  curious  examples  of  the  mode  in  which 
tactual  perceptions  will  impress  themselves  on  the  memory,  when  they 
are  habitually  attended  to.    As  an  example  of  the  correct  notions  which 
may  be  conveyed  to  the  mind,  of  the  forms  and  surfaces  of  a  great 
variety  of  objects,  and  of  the  sufficiency  of  these  notions  for  accurate 
comparison,  the  Author  may  mention  the  case  of  a  blind  friend  of  his  own, 
who  has  acquired  a  very  complete  knowledge  of  Conchology,  both  recent 
and  fossil ;  and  who  is  not  only  able  to  recognise  every  one  of  the 
numerous  specimens  in  his  own  cabinet,  but  to  mention  the  nearest 
alliances  of  a  shell  previously  unknown  to  him,  when  he  has  thoroughly 
examined  it  by  his  touch.    Many  similar  instances  might  be  cited,  one  of 
the  most  remarkable  being  that  of  John  Gough,  who,  though  blind,  was 
a  noted  botanical  collector,  and  earned  his  livelihood  as  a  land-surveyor. 
Several  cases  are  on  record,*  of  the  acquirement,  by  the  blind,  of  the  power 
of  distinguishing  the  colours  of  surfaces,  which  were  similar  in  other 
respects  ;  and,  however  wonderful  this  may  seem,  it  is  by  no  means  in- 
credible.    For  it  is  to  be  remembered  that  the  difference  of  colour 
depends  upon  the  position  and  arrangement  of  the  particles  composing 
the  surface,  which  render  it  capable  of  reflecting  one  ray  whilst  it  absorbs 
all  the  rest ;  and  it  is  quite  consistent  with  what  we  know  from  other 
sources,  to  believe  that  the  sense  of  Touch  may  become  so  refined,  as  to 
communicate  a  perception  of  such  dififerences.t 

*  Among  the  best-authenticated  of  these,  is  that  of  a  lady  who  hecame  blind,  and  afterwards 
deaf,  in  consequence  of  an  attack  of  confluent  small-pox  ;  cited  in  Dr.  Kitto's  "  Lost  Senses," 
vol.  ii.  p.  79,  from  the  "Annual  Register"  for  1758. — Dr.  Kitto's  treatise  may  be  referred- 
to,  as  containing  a  large  collection  of  interesting  cases  of  a  similar  description. 

+  For  some  additional  details  in  regard  to  the  sense  of  Touch,  see  the  Author's  article  ■ 
'  Touch'  in  the  "  Cyclopaedia  of  Anatomy  and  Physiology,"  vol.  iv. 
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3.  Sense  of  Taste. 

868.  The  sense  of  Taste  is  that  by  which  we  distinguish  the  sapid  pro- 
perties of  bodies.     The  term,  as  commonly  understood,  includes  much 
more  than  this ;  being  usually  employed  to  designate  the  whole  of  that 
knowledge  of  the  qualities  of  a  body  (except  such  as  is  purely  tactile), 
which  we  derive  through  the  sensory  appai-atus  situated  within  the  mouth. 
But  it  will  be  hereafter  shown  that  a  considerable  part  of  this  is  depen- 
dent upon  the  assistance  of  the  olf active  sense ;  which  is  affected,  thi'ough 
the  posterior  nares,  by  the  odorous  emanations  of  all  such  bodies  as  are 
capable  of  giving  them  off ;  and  the  indications  of  which  are  so  combined 
with  those  of  the  true  gustative  sense,  as  to  make  an  apparently  single 
impression  upon  the  sensorium.    Moreover,  there  are  certain  sensorial 
impressions  received  thi'ough  the  organ  of  taste,  which  are  so  nearly 
allied  in  their  character  to  those  of  touch,  as  to  render  it  difficult  to 
specify  any  fundamental  difference  between  them  :  such  are  the  pungent 
sensiitions  produced  by  mustard,  pepper,  the  essential  oils,  &c. ;  all  of 
which  substances  produce  a  sensation  when  applied  for  a  sufficient  length 
of  time  to  any  part  of  the  cutaneous  surface,  which  can  scarcely  be 
distinguished  from  that  excited  thi'ough  the  organ  of  taste,  in  any  other 
way  than  by  its  inferior  intensity,  and  by  the  absence  of  the  concun-ent 
odorous  emanations.    The  ta^te  of  such  substances  might,  perhaps,  be 
considered,  therefore,  as  the  composite  result  of  the  impressions  made 
upon  the  sensorium  through  a  refined  and  acute  touch,  and  by  the  effect 
of  their  odorous  emanations  upon  the  organ  of  smell.    After  making  fiill 
allowance,  however,  for  all  such  as  can  bo  thus  accounted-for,  there 
remains  a  large  class  of  pure  sapors,  of  which  we  take  cognizance  without 
the  assistance  of  smell,  and  which  are  altogether  dissimilar  to  any  tactile 
impressions  :  such  are  the  bitter  of  quinine,  the  sour  of  tartaric  acid,  the 
sweet  of  sugar,  the  saline  of  common  salt,  &c.    The  smell  can  give  us  no 
assistance  in  distinguishing  small  particles  of  these  bodies,  since  they  ai-e 
either  entirely  inodorous,  or  so  nearly  so  as  only  to  be  recognizable 
through  its  means  when  in  large  masses ;  and  the  most  refined  touch 
cannot  afford  any  indication  of  that  kind  of  difference  among  them,  of 
which  we  are  at  once  rendered  cognizant  by  taste.  —  Of  all  the  '  special ' 
senses,  however,  that  of  Taste  is  most  nearly  allied  to  that  of  touch,  as 
appears  from  several  considerations.    In  the  first  place,  the  actual  contact 
of  the  object  of  sense  with  the  organ  through  which  the  impression  is 
received,  is  necessaiy  in  the  present  case,  as  in  the  preceding.    Again,  it 
appears  from  the  considerations  formerly  adduced  (§  717),  that  there  is 
no  special  nerve  of  Taste ;  for  the  gustative  impressions  upon  the  front 
of  the  tongue  are  conveyed  by  the  Lingual  branch  of  the  5th  Pair,  which 
also  ministers  to  common  sensibility;  whilst  those  made  upon  the  back 
of  the  organ  are  conveyed  by  the  Glosso-pharyngeal,  which  also  ministera 
to  common  sensibility;  and  pressure  on  the  ti'unk  of  either  of  these 
nei'ves  gives  rise  to  pain,  which  is  not  the  case  with  either  the  olfactory, 
the  optic,  or  the  auditory  nerves.    Moreover,  the  paj)illai-y  apparatus, 
through  which  the  gustative  impressions  are  made  upon  the  extremities 
,    of  these  nerves,  is  essentially  the  same  in  structure  with  that  of  the  skin. 
—  But  for  the  gustative  nerve-fibres  to  be  impressed  by  the  distinctive 
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properties  of  saj)id  substances,  it  seems  requisite  that  these  substances 
should  be  brought  into  immediate  relation  with  them,  and  that  they_ 
should  penetrate,  in  the  state  of  solution,  through  the  investments  of  the 
papillte,  into  their  substance.  This  would  seem  to  be  proved  by  the  two 
following  facts  :  first,  that  every  substance  which  possesses  a  distinct  taste 
is  more  or  less  soluble  in  the  fluids  of  the  mouth,  whilst  substances  which 
ai'e  perfectly  insoluble  do  not  make  their  presence  known  in  any  other 
way  than  through  the  sense  of  touch  j  and,  second,  that  if  the  most  sapid 
substance  be  applied  in  a  dry  state  to  the  papillary  surface,  and  this  be 
also  diy,  no  sensation  of  taste  is  excited.  Hence  it  may  be  inferred  that, 
in  the  reception  of  gustative  impressions,  a  change  is  produced  in  the 
molecular  condition  of  the  nerve-fibres,  or,  to  use  the  language  of  Messrs. 
Todd  and  Bowman,  their  polarity  is  excited,  by  the  direct  agency  of  the 
sapid  matter  itself  This  change  may  be  induced^  however,  both  by 
electrical  and  mechanical  stimulation.  If  we  make  the  tongue  form  part 
of  a  galvanic  circuit,  a  peculiar  sensation  is  excited,  which  is  certainly 
allied  rather  to  the  gustative  than  to  the  tactile,  and  which  does  not  seem 
to  be  due  (as  was  at  one  time  supposed)  to  the  decomposition  of  the  salts 
of  the  saliva.  And,  as  Dr.  Baly  has  pointed  out,*  "  if  the  end  of  the  finger 
be  made  to  strike  quickly,  but  lightly,  the  surface  of  the  tongue  at  its  tip, 
or  its  edge  near  the  tip,  so  as  to  affect  not  the  substance  of  the  organ, 
but  merely  the  papillae,  a  taste  sometimes  acid,  sometimes  saline,  like  the 
taste  produced  by  electricity,  will  be  distinctly  perceived.  The  sensation 
of  taste  thus  induced  will  sometimes  continue  several  seconds  after  the 
application  of  the  mechanical  stimulus."  On  the  other  hand,  as  Wagner 
has  tinily  remarked,  if  the  surface  of  the  tongue  near  the  root  be  touched 
with  a  clean  dry  glass  rod,  or  a  drop  of  distilled  water  be  placed  upon  it,  a 
slightly  bitterish  sensation  is  produced ;  and  this,  if  the  pressure  be  con- 
tini\ed,  passes  into  that  of  nausea,  and  if  the  pressure  be  increased,  even 
excites  vomiting.  The  feeling  of  nausea  may  be  excited  by  mechanical  irri- 
tation of  any  part  of  the  surface  of  the  fauces  and  soft  palate ;  and  this  feel- 
ing is  certainly  much  more  allied  to  that  of  taste  than  to  that  of  touch. 
Furthei',  it  has  been  observed  by  Henle,  that  if  a  small  current  of  air  be 
directed  upon  the  tongue,  it  gives  rise  to  a  cool  saline  taste  like  that  of 
saltpetre.  Thus  we  find  that  the  peculiar  effects  of  sapid  substances  upon 
the  nei*ves  of  taste  may  be  imitated  to  a  certain  extent  by  other  agencies  : 
and  it  also  appears  that  the  sensations  excited  by  these  vary  according  to 
the  part  of  the  gustative  surface  on  which  they  operate ;  mechanical  or 
electrical  stimulation  of  the  front  of  the  tongue  giving  rise  to  a  kind  of  saline 
taste,  whilst  mechanical  stimulation  applied  to  the  back  of  the  tongue  and 
fauces  excites  the  feelings  of  bitterness  and  nausea.  —  One  of  the  condi- 
tions requisite  for  the  due  exercise  of  the  gustative  sense,  is  a  tempera- 
ture not  departing  far  on  either  side  from  that  which  is  natural  to  the 
body.  It  appeal's  from  the  recent  experiments  of  Prof  E.  H.  Weber,t 
that  if  the  tongue  be  kept  immersed  for  nearly  a  minute  in  water  of 
about  125°,  the  taste  of  sugar  brought  in  contact  with  it,  either  in  powder 
or  solution,  is  no  longer  perceived ;  the  sense  of  touch,  usually  so  delicate 
at  the  tip  of  the  tongue,  being  also  rendered  imperfect.    A  similar  imper- 

*  Translation  of  "Miiller's  Physiology,"  p.  1062,  note. 
t  "Muller's  Archiv.,"  1847,  S.  342. 
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fection  of  taste  and  toiicli  was  produced  by  immersing  the  tongue  for  the 
same  length  of  time  in  a  mixture  of  water  and  broken  ice. 

869.  The  surface  of  the  tongue  is  undoubtedly  the  special  seat  of 
gustative  sensibility  in  Man ;  though  the  sense  of  Taste  is  not  by  any 
means  restricted  to  that  organ,  being  diffused  in  a  less  degree  over  the 
soft  palate,  the  arches  of  the  palate,  and  the  fauces.  It  is  on  the  Tongue 
alone,  however,  that  the  papillary  apparatus  is  fully  developed ;  and  its 
structure  has  been  so  carefully  examined  and  described  by  Messrs.  Todd 
and  Bowman,*  that  little  remains  to  be  added  to  their  account  of  it.- — 
The  lingual  pajiillse  may  be  divided,  in  the  first  place,  into  the  Simple  and 
the  Compound ;  the  former  of  which  had  previously  escaped  observation, 
through  not  forming  any  apparent  jDrojection.  The  Simple  papillae  are 
scattered  in  the  intervals  of  the  compound,  over  the  general  sm-face  of 
the  tongue ;  and  they  occujDy  much  of  the  surface  behind  the  circumval- 
late  variety,  where  no  compound  papillae  exist.  They  ai'e  completely 
bvu-ied  and  concealed  beneath  the  continuous  sheet  of  epithelium,  and 
can  only  be  detected  when  this  membrane  has  been  removed  by  macera- 
tion ;  they  are  then  found  to  have  the  general  characters  of  the  cutaneous 
papillre,  but  nerve-tubes  have  not  yet  been  detected  in  them.  The  Coin- 
poimcl  p^illse  are  visible  to  the  naked  eye ;  and  have  been  classified, 
accoi'ding  to  their  shape,  into  the  circumvallate,  the  fungiform,  and  the 
filiform.  The  circumvallate  or  calycifoi*m  papillae  are  eight  or  ten  in 
number,  and  are  situated  in  a  V-shaped  line  at  the  base  of  the  tongue. 
Each  consists  of  a  central  flattened  circular  projection  of  the  mucous 
membrane,  surrounded  by  a  tumid  ring  of  about  the  same  elevation,  fi.-om 
which  it  is  sepai'ated  by  a  narrow  circular  fissure.  The  surface  of  both 
centre  and  border  is  smooth,  and  invested  by  scaly  epithelium,  which  con- 
ceals a  midtitude  of  simple  papillte.  H]xq  fungiform  papilla3  ai'e  scattered 
singly  over  the  tongue,  chiefly  uj)on  its  sides  and  tip.  They  project  con- 
siderably from  the  surface,  and  are  usually  narrower  at  their  base  than  at 

their  summit.  They  contain  a  complex  capil- 
lary plexus,  the  terminal  loops  of  which  enter 
the  numerous  simple  papillae,  that  clothe  the 
surface  of  the  fungiform  body.  Amidst  these 
lie  nerve-tubes,  which  probably  have  a  looped 
arrangement  jt  and  the  epithelium  which  covers 
them  is  so  thin,  as  to  allow  the  red  colour  of 
the  blood  to  be  seen  through  it.  In  this 
manner  they  are  readily  distinguished  from 
the  filiform  papillae,  among  which  they  lie. 
CapiUarynetworkof/wwg'(/bTOi;)api7/a  The  HUform  v^mHsQ,  like  the  preceding,  cou- 

of  the  Tongue.  .   •  i        ^    n         -n     •  a        1  r^( 

tarn  a  plexus  of  capillaries,  and  a  bundle  oi 
nerve-fibres,  both  terminating  in  loops,  which  enter  the  simple  papillae 
that  clothe  the  surface  of  the  compound  body;  but  instead  of  being 

*  "  Physiological  Anatomy  and  Physiology  of  Man,"  vol.  i.  chap.  xv. 

+  The  Author,  in  conjunction  with  Messrs.  Bowman,  T.  Wharton  Jones,  and  Kiernan, 
has  most  carefully  examined  the  mode  of  termination  of  the  nerves  in  the  fungiform  p.ipillfej 
witli  the  view  of  testing  the  validity  of  the  assertion  of  Dr.  "Waller  ("  Phil.  Trans.,"  1849) 
that  they  have  free  truncated  extremities.  No  such  terminations,  however,  could  be  exhibited 
to  them  by  Dr.  Waller;  and  the  conclusion  at  which  they  arrived  as  most  probable,  has  been 
already  stated  (§  343). 
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covez'ed  with  a  thin  scaly  epithehum^  they  are  furnished  with  bundles 
of  long  pointed  processes,  some  of  which  approach  hairs  in  their  stiff- 
ness and  structure.  These  are  immersed  in  the  mucus  of  the  mouth, 
and  may  be  moved  in  any  direction,  though  they  are  generally  in- 
clined backwards.  —  The  simple  papillae  which  occur  in  an  isolated 
manner,  with  those  which  ai'e  aggregated  in  the  circumvallate  and  fun- 
giform bodies,  doubtless  minister  to  the  sense  of  Taste ;  but  there  seems 
much  reason  to  coincide  in  the  opinion  of  Messrs.  Todd  and  Bowman, 
with  regard  to  the  different  office  of  the  filiform  papillae.  "  The  com- 
parative thickness  of  then-  protective  covering,  the  stiffness  and  brush- 
like arrangement  of  their  filamentary  productions,  their  greater  develop- 
ment in  that  portion  of  the  dorsum  of  the  tongue  which  is  chiefly 
employed  in  the  movements  of  masticalion,  all  evince  the  subservience  of 
these  papillae  to  the  latter  function,  rather  than  to  that  of  taste ;  and  it  is 
evident  thd,t  then"  isolation  and  partial  mobility  on  one  another,  must 
render  the  delicate  touch  with  which  they  are  endowed,  more  available 
in  du'ecting  the  muscular  actions  of  the  organ.  The  almost  manual  dex- 
terity of  the  organ,  in  dealing  with  minute  particles  of  food,  is  probably 
provided-for,  as  far  as  sensibility  conduces  to  it,  in  the  structure  and 
airangement  of  these  papillas."  It  may  be  added,  that  the  filiform  papillte 
of  Man  seem  to  be  the  rudimentary  forms  of  those  horny  epithelial 
processes,  which  acquire  'so  great  a  development  in  the  tongues  of  the 
CaiTiivora,  and  which  are  of  such  importance  in  the  abrasion  of  their 
food. 

870.  The  simple  application  of  a  sapid  substance  to  the  gustative  sur- 
face, is  usually  sufiicient  to  excite  the  sensation  j  and  if  this  application  be 
restricted  to  one  pai'ticular  spot,  we  are  able  to  recognize  its  place  more 
or  less  distinctly.   In  this  respect,  then,  the  gustative  impression  resembles 
the  tactile;  for  whilst  we  cannot,  by  our  owa  consciousness,  distinguish 
the  parts  of  the  retina  or  of  the  auditory  apparatus  on  which  visual  or 
auditory  impressions  are  made,  we  can  make  this  distinction  in  regard  to 
the  surface  which  is  supplied  by  the  nerves  of  general  sense.    This  deter- 
mination is  most  j)recise  when  the  impression  is  made  on  the  parts  of  the 
tongaie  of  which  the  gnistative  sensibility  is  most  acute  j  namely,  the  apex, 
sides,  and  posterior  part  of  the  dorsum ;  being  probably  aided,  however, 
near  the  tij),  by  the  acuteness  of  its  tactile  sensibility.    The  impressibility 
of  the  middle  portion  of  the  dorsum  is  greatly  inferior ;  but  still,  when 
the  gustative  sensation  has  been  excited  there,  it  is  refen-ed  to  the  spot  on 
which  the  sapid  substance  was  laid.    The  contact  of  sapid  substances 
much  more  readily  excites  a  gustative  sensation,  when  it  is  made  to  press 
upon  the  papill£e,  or  is  moved  over  them.  Thus  there  are  some  substances 
whose  taste  is  not  perceived  when  they  are  simply  applied  to  the  central 
part  of  the  dorsum  of  the  tongue,  but  of  whose  presence  we  are  at  once 
rendered  cognizant  by  pressing  the  tongue  against  the  roof  of  the  mouth. 
The  full  flavour  of  a  sapid  substance,  again,  is  more  readily  perceived 
when  it  is  rubbed  on  any  part  of  the  tongue,  than  when  it  is  simply 
brought  in  contact  with  it,  or  pressed  against  it.    Even  when  liquids  are 
received  into  the  mouth,  their  taste  is  most  completely  discriminated  by 
causing  them  to  move  over  the  gustative  surface:  thus  the  "wine-taster" 
takes  a  small  quantity  of  the  liquor  into  his  mouth,  carries  it  rapidly  over 
every  part  of  its  lining  membrane,  and  then  ejects  it.  It  is  not  improbable 
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that  this  exaltation  of  the  usual  effects  is  simply  due  to  mechanical 
causes ;  the  sapid  particles  being  brought  by  the  pressure  or  movement  into 
more  rapid  and  complete  operation  on  the  nerve-fibres,  than  they  would 
be  if  simply  placed  in  contact  with  the  papilla3. — The  impressions  made 
upon  our  consciousness  by  a  large  proportion  of  sapid  substances  are  of  a 
complex  kind;  being  in  part  derived  from  their  odorous  emanations,  of 
which  we  take  cognizance  through  the  organ  of  Smell.  Of  this  any  one 
may  convince  himself,  by  closing  the  nostrils,  and  insph'iug  and  expiring 
through  the  mouth  only,  whilst  holding  in  the  mouth,  or  even  rubbing 
between  the  tongue  and  the  palate,  some  aromatic  substance ;  for  its  taste 
is  then  scarcely  recognized,  although  it  is  immediately  perceived  when  its 
effluvia  are  drawn  into  the  nose.  It  is  well  known  too,  that,  when  the 
sensibility  of  the  Schneiderian  m'embrane  is  blunted  by  inflammation  (as 
in  an  ordinaiy  cold  in  the  head),  the  power  of  distinguishing  flavom-s  is 
very  much  diminished.  In  fact,  some  Physiologists  are  of  opinion  that 
all  our  knowledge  of  the  flavour  of  sapid  substances  is  received  through 
the  Smell ;  but  this,  as  already  shown,  would  not  be  a  correct  statement; 
and  there  are  cases  on  record  in  which  the  sense  of  Smell  has  been 
entirely  lost,  without  any  impairment  of  the  true  sense  of  Taste.* 

871,  Taken  in  its  ordinary  compound  acceptation,  the  sense  of  Taste 
has  for  its  object  to  du-ect  us  in  the  choice  of  food,  and  to  excite  the  flow 
of  mucus  and  saliva,  which  are  destined  to  aid  in  the  preparation  of 
the  food  for  Digestion.  Among  the  lower  Animals,  the  instinctive  per- 
ceptions connected  with  this  sense  are  much  more  remarkable  than  our 
own ;  thus  an  omnivorous  Monkey  wiU  seldom  touch  fruits  of  a  poisonous 
character,  although  their  taste  may  be  agreeable ;  and  animals,  whose  diet 
is  restricted  to  some  one  kind  of  food,  will  decidedly  reject  aU  others. 
As  a  general  rule  it  may  be  stated,  that  substances  of  which  the  taste  is 
agi-eeablo  to  us,  are  useful  in  our  nutrition,  and  vice  versd;\  but  there 

*  An  interesting  case  of  this  kind,  occurring  in  a  Negro  who  had  gradually  lost  the 
characteristic  hue  of  his  skin,  and  had  acquired  the  fair  complexion  of  a  European,  has  lately 
been  put  on  record  by  Dr.  J,  C.  Hutchison. — The  Olfactory  nerve  seemed  to  be  entirely 
paralysed,  whilst  the  branches  of  the  5th  Pair  retained  their  integrity ;  so  that,  whilst  the 
proper  sense  of  Smell  was  entirely  lost,  a  pungent  burning  sensation  was  excited  by  irritating 
vapours,  and  the  application  of  snulf  induced  sneezing.  Notwithstanding  this  deficiency,  the 
sense  of  Taste,  properly  so  called,  did  not  seem  to  be  impaired ;  for  substances  which  neither 
possessed  odour  nor  pungency  could  be  readily  discriminated,  even  though  their  tastes  were 
not  widely  different.    (See  "  Araer.  Journ.  of  Med.  Sci.,"  Jan.  1852). 

+  It  is  justly  remarked  by  Dr.  Holland  ("Medical  Notes  and  Reflections,"  p.  85),  that, 
— "  In  the  majority  of  instances  of  actual  illness,  provided  the  real  feelings  of  the  patient 
can  be  safelj'  ascertained,  his  desires  as  to  food  and  drink  may  be  safely  complied  with.  But 
undoubtedly  much  care  is  needful  that  we  be  not  deceived  as  to  the  state  of  the  appetites,  by 
what  is  merely  habit  or  wrong  impression  on  the  part  of  the  patient,  or  the  effect  of  the 
solicitation  of  others.  This  class  of  sensations  is  more  nurtured  out  of  the  course  of  nature, 
than  are  those  which  relate  to  the  temperature  of  the  body.  The  mind  becomes  much  more 
deeply  engaged  with  them ;  and  thougli  in  acute  illness  they  are  generally  submitted  again 
to  the  natural  law,  there  are  many  lesser  cases  where  enough  remains  of  the  leaven  of  habit 
to  render  every  precaution  needful.  With  such  precautions,  however,  which  every  physician 
who  can  take  schooling  from  experience  will  employ,  the  stomach  of  the  patient  becomes  a 
valuable  guide ;  whether  it  dictate  abstinence  from  a  recurrence  of  food ;  whether  much  or 
little  in  quantity;  whether  what  is  solid  or  liquid  ;  whether  much  drink  or  little;  whether 
things  warm  or  cold ;  whether  sweet,  acid,  or  saline ;  whether  bland  or  stimulating  to  the 
taste."  Further,  Dr.  Holland  remarks  :  "  It  is  not  wholly  paradoxical  to  say  that  we  are 
authorized  to  give  greatest  heed  to  the  stomacli  when  it  suggests  some  seeming  extravagance 
of  diet.    It  may  be  that  this  is  a  mere  depravation  of  the  sense  of  taste;  but  frequently  it 
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re  many  signal  exceptions  to  this. — Like  other  senses,  that  of  Taste  is 
ipable  of  being  rendered  more  acute  by  education;  and  this  on  the 
l  inciples  akeady  hxid  down  in  regard  to  Touch.    The  experienced  wine- 
ister  can  distinguish  differences  in  age,  purity,  place  of  growth,  &c., 
■L'tween  liquors  that  to  ordinary  judgments  are  alike;  and  the  epicure 
;iu  give  an  exact  determination  of  the  spices  that  are  combined  in  a  par- 
icular  sauce,  or  of  the  manner  in  which  the  animal,  on  whose  flesh  he  is 
oeding,  was  killed.    As  in  the  case  of  other  senses,  moreover,  impressions 
iiade  upon  the  sensory  surface  remain  there  for  a  certain  period;  and 
liis  period  is  for  the  most  part  longer  than  that  which  is  required  for  the 
lepaitm-e  of  the  impressions  made  upon  the  eye,  the  ear,  or  the  organ 
-f  smeU.    Every  one  knows  how  long  the  taste  of  some  powerful  sub- 
stances remains  in  the  mouth;  and  even  of  those  which  make  less 
lecided  impressions,  the  sensations  remain  to  such  a  degree  that  it  is 
lifficult  to  compare  them  at  short  intervals.    Hence  if  a  person  be  blind- 
1  ilded,  and  be  made  to  taste  substances  of  distinct,  but  not  widely-diflferent 
lavoui-s  (such  as  various  kinds  of  wine  or  of  spirituous  liquors),  one  after 
mother  in  rapid  succession,  he  soon  loses  the  power  of  discriminating 
oetweeu  them.    In  the  same  manner,  the  difficulty  of  administering  very 
lisagreeable  medicines  may  be  sometimes  got-over,  by  either  previously 
yiving  a  powerful  aromatic,  or  by  combining  the  aromatic  with  the  medi- 
i  cine ;  its  strong  impression  in  both  cases  preventing  the  unpleasant  taste 
t:  from  exciting  nausea. 

4. — Sense  of  Smell. 

872.  Of  the  natm'e  of  Odorous  emanations,  the  Natural  Philosopher  is 
so  completely  ignorant,  that  the  Physiologist  cannot  be  expected  to  give  a 
;  definite  account  of  the  mode  in  which  they  produce  sensory  impressions. 
'  Although  it  may  be  surmised  that  they  consist  of  particles  of  extreme 
.'  minuteness,  dissolved  as  it  were  in  the  air,  and  although  this  idea  seems 
to  derive  confirmation  ffom  the  fact  that  most  odorous  substances  are 
volatile,  and  vice  versd, — yet  the  most  delicate  experiments  have  failed  to 
discover  any  diminution  in  weight,  in  certain  substances  (as  musk)  that 
have  been  impregnating  with  their  effluvia  a  large  quantity  of  air  for 
several  years;  and  there  are  some  volatile  fluids,  such  as  water,  which  are 
entirely  inodorous.    The  true  Olfactory  nerves  pass  down  from  the  Olfac- 
tory Ganglion  (§  729)  in  the  form  of  very  numerous  minute  threads, 
which  form  a  plexus  upon  the  surface  of  the  Schneiderian  or  pituitary 
membrane.   The  filaments  composing  this  plexus  are  described  by  Messrs. 
Todd  and  Bowman*  as  differing  widely  from  those  of  the  ordinary  cephalic 

expresses  an  actual  need  of  the  stomach,  either  in  aid  of  its  own  functions,  or  indirectly  (under 
the  mysterious  law  just  referred-to)  for  the  effecting  of  changes  in  the  whole  mass  of  blood. 
It  is  a  good  practical  rule  in  such  cases  to  withhold  assent,  till  we  find  after  a  certain  lapse  of 
time  that  the  same  desire  continues  or  strongly  recurs ;  in  which  case  it  may  generally  be 
taken  as  the  index  of  the  fitness  of  the  thing  desired  for  the  actual  state  of  the  organs.  In 
the  early  stage  of  recovery  from  long  gastric  fevers,  I  recollect  many  curious  instances  of  such 
contrariety  to  all  rule  being  acquiesced-in,  with  manifest  good  to  the  patient.  Dietetics  must 
become  a  much  more  exact  branch  of  knowledge,  before  we  can  be  justified  in  opposing  its 
maxims  to  the  natural  and  repeated  suggestions  of  the  stomach,  in  the  state  either  of  health 
or  disease." 

'  "  Physiological  Anatomy,"  vol.  ii.  p.  9. 
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nerves  m  structure;  they  contaiu  no  white  substance  of  Schwann,  are  : 
nucleated  and  finely  granular  in  texture,  and  altogether  bear  a  close  ' 
resemblance  to  the  gelatinous  form  of  nerve-fibres.    It  has  been  hitherto 
found  imijossible  to  trace  the  ultimate  distribution  of  these  fibres  in  the 
olfactory  membrane,  owing  to  their  want  of  the  characteristic  white  sub-  \ 
stance,  and  the  absence  of  distinction  between  the  nuclei  of  the  mmuter  \ 

Fig.  140.  \ 


Distribution  of  the  Olfactory  Nerve  on  the  Septum  Nasi.   The  nares  have  been  divided  by 
a  longitudinal  section  made  immediately  to  the  left  of  the  septum,  the  right  nares  being  pre-  ij, 
served  entire.— I.  The  frontal  sinus.    2.  The  nasal  bone.    3.  The  crista  galli  process  of  the  li] 
ethmoid  bone.    4.  The  sphenoidal  sinus  of  the  left  side.    5.  The  sella  turcica.    6.  The  basilar  yj 
process  of  the  sphenoid  and  occipital  bones.   7.  The  posterior  opening  of  the  right  nares.  8.  The  I 
opening  of  the  Eustachian  tube  in  the  upper  part  of  the  pharynx,    g.  The  soft  palate,  divided  ' 
through  its  middle.    10.  Cut  surface  of  the  hard  palate,    a.  The  olfactory  peduncle,    b.  Its 
three  roots  of  origin,    c.  Olfactory  ganglion,  from  vphich  the  filaments  proceed  that  spread  out 
in  the  substance  of  the  pituitary  membrane,    d.  The  nasal  nerve,  a  branch  of  the  ophthalmic 
nerve,  descending  into  the  left  nares  from  the  anterior  foramen  of  the  cribriform  plate,  and 
dividing  into  its  external  and  internal  branch,    e.  The  naso-palatine  nerve,  a  branch  of  the 
spheno-palatine  ganglion  distributing  twigs  to  the  mucous  membrane  of  the  septum  nasi  in  its 
course  to  (/)  the  anterior  palatine  foramen,  where  it  forms  a  small  gangliform  swelling 
(Clo(^uet's  ganglion)  by  its  union  with  its  fellow  of  the  opposite  side.    g-.  Branches  of  the  naso- 
palatme  nerve  to  the  palate,    h.  Posterior  palatine  nerves,    i,  i.  The  septum  nasi. 

fibres  and  those  of  the  nucleated  tissvies  through  which  they  pass.  It 
would  appear  that  every  part  of  the  Schneiderian  membrane  is  not  equally 
endowed  with  the  faculty  of  distinguishing  odours,  which  is  a  very  different 
power  from  that  of  becoming  sensible  of  irritation  from  them.  The  dis- 
tribution of  the  Olfactory  nerves  seems  limited  to  the  membrane  covering 
the  superior  three-fourths  of  the  sej)tum  of  the  nose,  the  sujDerior  tui'bi- 
nated  bone  and  the  upper  half  of  the  middle  turbinated  bone,  and  the 
upper  wall  of  the  nasal  cavities  beneath  the  cribriform  plate  of  the  eth- 
moid bone ;  all  which  surface  is  covered  (as  Messrs.  Todd  and  BowTnan 
have  pointed  out)  with  a  tesselated  epithelium  of  a  rich  sepia-browii 
hue.  The  remainder  of  the  nasal  surface  is  supplied  by  the  5th  Pair 
only;  and  hence  it  is  that  we  cannot  distinguish  faint  odours,  unless,  by 
a  peculiar  inspiratory  effort,  we  di-aw  the  air  charged  with  them  to 
the  upper  part  of  the  nose.  In  animals  living  in  the  air,  it  is  a  neces-  1 1 
sary  condition  of  the  exercise  of  the  sense  of  Smell,  that  the  odorous 
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latter  should  be  transmitted  by  a  respiratory  current  througb  the  nos- 
Is;  and  tliat  the  membrane  lining  these  should  be  in  a  moist  state. 
1  once,  by  breathing  through  the  mouth,  we  may  avoid  being  affected  by 
lours  even  of  the  strongest  and  most  disagreeable  kind ;  and  in  the  first 
ige  of  a  catarrh,  when  the  ordinary  mucous  secretion  is  suspended,  the 
ruse  of  Smell  is  blunted  from  this  cause,  as  it  afterwards  is  from  the 
\cess  in  the  quantity  of  the  fluid,  which  prevents  the  odoriferous  efiluvia 
com  coming  into  immediate  relation  with  the  sensory  extremities  of  the 
lorves.    Hence  we  may  easily  comprehend  how  section  of  the  5th  Pair, 
\liich  exerts  a  considerable  influence  over  the  secretions,  will  greatly 
liminish  the  acuteness  of  this  sense,  and  will  have  the  further  efiect  of 
ireventing  the  reception  of  any  impressions  of  irritation  from  acrid 
V  apours,  which  are  entirely  different  in  their  character  from  true  odorous 
iiupi-essions,   and  are  not  transmitted  through  the  Olfactoiy  nerve 
739).    The  nasal  passages  may  indeed  be  considered  as  having,  in  the 
tir-breathing  Vertebrata,  two  distinct  offices;  they  constitute  the  organ 
of  Smell,  thi'ough  the  distribution  of  the  olfactory  nerve  upon  a  part  of 
their  siu-face;  but  they  also  constitute  the  portals  of  the  resph'atory 
organs,  having  for  their  office  to  take  cognizance  of  the  aeriform  matter 
which  enters  them,  and  to  give  warning  of  that  which  would  be  injurious; 
this  latter  function  is  performed  by  the  5th  Pair,  as  by  the  Pneumogastric 
[;in  the  glottis.    It  is  thi'ough  this  nerve  that  the  act  of  Sneezing  is  excit- 
tiable;  the  evident  purpose  of  which,  is  the  ejection  of  a  strong  blast  of  air 
:  through  the  nasal  passages,  in  such  a  manner  as  to  drive  out  any  offending 
1  matter  they  may  contain. 

873.  The  importance  of  the  sense  of  Smell  among  many  of  the  lower 
.  Animals,  in  guiding  them  to  their  food,  or  in  giving  them  warning  of 
i  danger,  and  also  in  exciting  the  sexual  feelings,  is  well  known.    To  Man 
;  its  utility  is  comparatively  small  under  ordinary  circumstances;  but  it 
1  may  be  greatly  increased  when  other  senses  are  deficient.    Thus,  in  the 
^  well-known  case  of  James  Mitchell,  who  was  deaf,  blind,  and  dumb,  from 
1  his  birth,  it  was  the  principal  means  of  distinguishing  persons,  and  enabled 
:  him  at  once  to  perceive  the  entrance  of  a  stranger.    It  is  recorded  that  a 
blind  gentleman,  who  had  an  antipathy  to  cats,  was  possessed  of  a  sensi- 
bility so  acute  in  this  respect,  that  he  perceived  the  proximity  of  one  that 
had  been  accidentally  shut  up  in  a  closet  adjoining  his  room.  Among 
Savage  tribes,  whose  senses  are  more  cultivated  than  those  of  civilized 
nations,  more  direct  use  being  made  of  the  powers  of  observation,  the 
scent  is  almost  as  acute  as  in  the  lower  Mammalia;  it  is  asserted  by 
Humboldt,  that  the  Peruvian  Indians  in  the  middle  of  the  night  can  thus 
distinguish  the  different  races,  whether  European,  American-Indian,  or 
Negro.* — The  agreeable  or  disagreeable  character  assigned  to  particular 
odours,  is  by  no  means  constant  amongst  different  individuals.    Many  of 
the  lower  Animals  pass  their  whole  lives  in  the  midst  of  odours,  which 
are  to  Man  (in  his  civilized  condition  at  least)  in  the  highest  degree 
revolting ;  and  will  even  refuse  to  touch  food,  until  it  is  far  advanced  in 
putridity.    It  more  frequently  happens  in  regard  to  odours  and  savours, 

•  The  Author  has  been  assured  by  a  competent  witness,  that  a  youth  in  the  state  of  Hyp- 
notism had  his  sense  of  Smell  so  remarkably  heightened,  as  to  be  able  to  assign  (without  the 
lejist  hesitation)  a  glove  placed  in  his  hand,  to  its  right  owner, — in  the  midst  of  about  thirty 
persons,  the  boy  himself  being  blindfolded. 
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than  with  respect  to  other  sensory  impressions,  that  habit  makes  that 
agreeable,  and  even  strongly  relished,  which  was  at  first  avoided;  the 
taste  of  the  epicui*e  for  game  that  has  acquired  the  fumet, — for  olives, — 
for  asafoetida,  &c.  are  instances  of  this.  As  to  the  length  of  time  during 
which  impressions  made  upon  the  organ  of  smell  remain  upon  it,  no  cer- 
tain knowledge  can  be  obtained.  It  is  difficult  to  say  when  the  effluvia 
have  been  completely  removed  from  the  nasal  passages,  since  it  is  not 
imHkely  that  the  odorous  particles  (supposing  such  to  exist)  are  absorbed 
or  dissolved  by  the  mucous  secretion;  it  is  probably  in  this  manner 
that  we  may  account  for  the  fact,  well  known  to  every  medical  man, 
that  the  cadaverous  odour  is  frequently  experienced  for  days  after  a  post- 
mortem examination.* 

5. — Sense  of  Vision. 

874.  The  objects  of  this  sense  are  bodies,  which  are  either  in  themselves 
luminous,  or  which  become  so  by  reflecting  the  hght  that  proceeds  from 
others.  Whether  their  light  is  transmitted  by  the  actual  emission  of 
luminous  particles,  or  by  the  propagation  of  undulations  analogous  to 
those  of  sound,  is  a  question  that  has  been  long  keenly  debated  amongst 
Natural  Philosophers ;  but  it  is  of  little  consequence  to  the  Physiologist 
which  is  the  true  solution,  since  it  is  only  with  the  laws  according  to 
which  the  transmission  takes  place,  that  he  is  concerned.  These  laws  it 
may  be  desirable  here  briefly  to  recaj)itulate. 

875.  Every  point  of  a  luminous  body  sends  off"  a  number  of  rays,  which 
diverge  in  every  direction,  so  as  to  form  a  cone,  of  which  the  luminous 
point  is  the  apex.  So  long  as  these  rays  pass  through  a  medium  of  the 
same  density,  they  proceed  in  straight  lines ;  but,  if  they  enter  a  medium 
of  different  density,  they  are  refracted  or  bent, — towards  the  perpendiculai' 
to  the  surface  at  the  point  at  which  they  enter,  if  they  pass  fi'om  a  rai'er 
into  a  denser  medium,  and /rom  the  perpendicular,  when  they  pass  fi'om 
a  denser  medium  into  a  rarer.  It  is  easily  shown  to  be  a  result  of  tliis 
law,  that,  when  parallel  rays  passing  through  air  faUupon  a  convex  surface 
of  glass,  they  will  be  made  to  converge;  so  as  to  meet  at  the  opposite 
extremity  of  the  diameter  of  the  circle,  of  which  the  cxu-ve  forms  part.  If, 
instead  of  continuing  in  the  glass,  they  pass  out  again,  through  a  second 
convex  surface,  of  which  the  direction  is  the  reverse  of  the  first,  they  will 
be  made  to  converge  still  more,  so  as  to  meet  in  the  centre  of  cm'vatm'e. 
Eays  which  are  not  parallel,  but  which  are  diverging  from  a  focus,  ai'e  like- 
wise made  to  converge  to  a  point  or  focus;  but  this  point  will  be  more 
distant  from  the  lens,  in  proportion  as  the  object  is  nearer  to  it,  and  the 
angle  of  divergence  consequently  greater.  The  rays  diverging  fi-om  the 
several  points  of  a  luminous  object,  are  thus  brought  to  a  corresponding 
focus ;  and  the  places  of  aU  these  foci  hold  exactly  the  same  relation  to 
each  other,  with  that  of  the  points  from  which  the  rays  diverged;  so  that 
a  perfect  image  of  the  object  is  formed  upon  a  screen  held  in  the  focus  of 
the  lens.  This  image,  however,  will  be  inverted;  and  its  size,  in  propor- 
tion to  that  of  the  object,  will  depend  upon  their  respective  distances  from 

•  This  may  partly  be  attributed  also  to  the  effluvia  adhering  to  the  dress.  It  has  been 
remarked  that  dark  cloths  retain  these  more  strongly  than  light. 
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.le  lens.    If  their  distances  be  the  same,  their  size  will  also  be  the  same; 

'  the  object  be  distant,  and  the  image  near,  the  latter  will  be  much  the 
,jaaller;  aiid  vice  versd. 
876.  There  are  two  circumstances,  however,  which  interfere  with  the 

erfcQtion  of  an  image  thus  formed  by  a  convex  lens.  The  one  is,  that,  if 
;he  lens  constitute  a  large  part  of  the  sphere  from  which  it  is  taken,  the 
says  which  fall  near  its  margin  are  not  brought  to  a  focus  at  the  same 
-oint  T\dth  those  which  pass  through  its  centre,  but  at  a  point  nearer  the 
ens.  This  difference,  which  must  obviously  interfere  greatly  with  the 
distinctness  of  the  image,  is  termed  Sjoherical  Aberration;  it  may  be  cor- 
rected by  the  combination  of  two  or  more  lenses,  of  which  the  curvatures 
we  calculated  to  balance  one  another,  in  such  a  manner  that  all  the  rays 
whall  be  brought  to  the  same  focus ;  or  by  diminishing  the  aperture  of  the 
'lens  by  means  of  a  stop  or  diaphragm,  in  such  a  manner  that  only  the 
?ientral  part  of  it  shall  be  lised.  The  latter  of  these  methods  is  the  one 
lemployed,  where  the  diminution  in  the  amount  of  light  transmitted  is  not 
tittended  with  inconvenience.  The  nearer  the  object  is  to  the  lens  (and 
!  :he  greater,  therefore,  the  angle  of  divergence  of  its  rays),  the  greater  will 
-je  the  spherical  aberration,  and  the  more  must  the  aperture  of  the  dia- 
phragm be  contracted  in  order  to  counteract  it. — The  other  circumstance 
i  :hat  interferes  with  the  distinctness  of  the  image,  is  the  unequal  refran- 

nihility  of  the  differently-coloured  rays,  which  together  make  up  white  or 
'  3olomiess  light ;  the  violet  being  more  bent  from  their  course  than  the 
I  olue,  the  blue  more  than  the  yellow,  and  the  yellow  more  than  the  red; 
iuhe  consequence  of  which  will  be,  that  the  violet  rays  are  brought  to  a 

■  focus  much  nearer  to  the  lens  than  the  blue,  and  the  blue  nearer  than  the 
ired.    If  a  screen  be  held  to  receive  the  image,  in  the  focus  of  any  of  the 

rays,  the  others  will  make  themselves  ap]3arent  as  fringes  round  its  margin. 
I  This  diflference  is  termed  Chromatic  Aberration.  It  is  corrected  in  prac- 
:;tice,  by  combining  together  lenses  of  different  substances,  of  which  the 
i  dis}:)ersive  power  (that  is,  the  power  of  separating  the  coloured  rays) 
1  differs  considerably.  This  is  the  case  with  flint  and  crown  glass,  for 
i  instance, — the  dispersive  power  of  the  former  being  much  greater  than 
i  that  of  the  latter,  whilst  its  refractive  power  is  nearly  the  same :  so  that, 
i'  if  a  convex  lens  of  crown  glass  be  united  with  a  concave  of  flint  whose 
curvature  is  much  less,  the  dispersion  of  the  rays  effected  by  the  former 
•  will  be  entirely  counteracted  by  the  latter,  which  diminishes  in  part  only 
its  refractive  power. 

877.  The  Eye  may  be  regarded  as  an  optical  instrument  of  great  per- 
;  faction,  adapted  to  produce,  on  the  expanded  surface  of  the  Optic  nerve,  a 
complete  image  or  picture  of  luminous  objects  brought  before  it;  in  which 
'  the  forms,  colom-s,  lights  and  shades,  &c.  of  the  object  are  all  accurately 
r  represented.  By  the  different  refractive  powers  of  the  transparent  media 
t  through  which  the  rays  of  light  pass,  and  by  the  curvatures  given  to  their 
'  respective  surfaces,  both  the  Spherical  and  Chromatic  aberrations  are  cor- 
rected in  a  degi-ee  sufficient  for  all  practical  purposes;  so  that,  in  a  well- 

■  formed  eye,  the  picture  is  quite  free  from  haziness  and  from  false  coloiu's. 
The  power  by  which  it  adapts  itself  to  variations  in  the  distance  of  the 
object, — so  as  to  forai  a  distinct  image  of  it,  whether  it  be  six  inches,  six 
yards,  or  six  miles  off, — is  extremely  remarkable,  and  cannot  be  regarded 
aa  hitherto  completely  explained.    It  is  obvious  that,  if  wo  fix  upon  any 
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distance  as  that  for  which  the  eye  is  naturally  adjusted  (say  12  or  14 
inches,  the  distance  at  which  we  ordinarily  read),  the  rays  proceeding  from 
an  object  placed  nearer  to  the  eye  than  this,  woiild  not  be  brought  to  u. 
focus  upon  the  retina,  but  would  converge  towards  a  point  behind  it ;  whilst, 
on  the  contrary,  the  rays  from  an  object  at  a  greater  distance  would  meet 
before  they  reached  the  retina,  and  would  have  again  diverged  from  eacli 
other  when  they  impinge  upon  it;  so  that,  in  either  case,  vision  would  Ih 
indistinct.  Now  two  methods  of  adaptation  suggest  themselves  to  tlji 
0]Dtician.  Either  he  may  vary  the  distance  between  the  refracting  surface 
and  the  screen  on  which  the  image  is  formed,  in  such  a  manner,  that  th^ 
latter  shall  always  be  in  the  focus  of  the  converging  rays;  or,  the  distant 
of  the  screen  remaining  the  same,  he  may  vary  the  convexity  of  his  lens, 
in  such  a  manner  as  to  adapt  it  to  the  distance  of  the  object.  The  mod 
in  which  this  adaptation  is  effected  in  the  Human  Eye  has  not  yet  beeii 
clearly  made  out ;  and  many  hypotheses  have  been  -put  forward  respecting 
it.  According  to  the  calculations  of  Olbers,  based  on  the  ascertained 
refractive  powers  of  the  media  of  the  eye,  the  difference  between  the  focal 
distances  of  the  images  of  two  objects,  the  one  so  far  off  that  its  rays  aiT 
parallel,  and  the  other  at  the  distance  of  only  four  inches  from  the  eye,  is 
about  0-143  or  one-seventh  of  an  inch;  but  as  the  usual  range  of  distinct 
vision  does  not  extend  to  objects  brought  within  six  or  seven  inches,  the 
amount  of  change  required  in  the  relative  places  of  the  refracting  bodies 
and  the  retina,  would  not  ordinarily  exceed  a  line.  It  has  been  thought 
that  this  change  might  be  produced  by  an  alteration  in  the  convexity  of  the 
cornea,  or  by  an  elong-ation  of  the  globe  of  the  eye  generally,  or  by  both 
methods  in  combination;  which  alterations,  it  was  supposed,  might  be 
effected  by  the  action  of  the  muscles  of  the  eye-ball.  But  no  such  change 
have  been  detected  by  the  most  careful  measurement;  and  it  cannot  Ll 
shown  hotv  any  contractile  action  of  the  muscles  of  the  eye-ball  could  pro- 
duce an  elongation  of  the  eye,  since  their  tendency  would  be  (when  actini; 
altogether)  to  di-aw  it  backwards  into  its  socket,  or,  this  being  prevented 
by  the  fascia  and  cushion  of  fat  against  which  its  posterior  side  rests,  to 
flatten  the  globe  against  this,  rather  than  to  increase  its  projection.  There 
is  much  more  ground  for  the  belief,  however,  that  a  change  of  place  is 
effected  in  the  crystalline  lens,  by  the  action  of  the  cihary  muscle  and  the 
erectile  tissue  of  the  ciliaiy  processes;  for,  although  no  such  change  can 
be  demonstrated  by  observation,  yet  it  can  be  shown  that  the  contraction 
of  the  ciliary  muscle  would  tend  to  draw  the  lens  forwards ;  and  the  fact 
that  this  muscle  is  peculiarly  powerful  in  the  predaceous  birds,  which  are 
distinguished  for  their  great  range  of  vision,  and  which  have,  in  their 
circle  of  osseous  sclerotic  plates,  an  unusually  firm  point  of  attachment 
for  it,  is  a  strong  argument  in  favour  of  this  doctrine.*  Further,  the 
almost  entire  loss  of  the  power  of  adapting  the  eye  to  distances,  which 
experienced  after  the  removal  of  the  Crystalhne  lens  in  the  operation  foi' 
Cataract,  is  a  marked  indication  that  some  change  in  the  place  or  figure 
of  this  body  is  the  principal  means  whereby  the  ordinaiy  adaptation  isi 
effected ;  and  although  it  has  been  suggested  that  an  alteration  in  the  I 
figure  of  the  lens  might  participate  in  the  result,  yet  no  means  can  be 

•  See  on  this  subject,  Messrs.  Todd  and  Bowman's  "  Pliysiological  Anatom.v,"  vol.  n. 
p.  27 ;  and  Dr.  Clay  Wallace  on  "  The  Adjustment  of  the  Eye  to  Distances,"  New  X  orK, 
1851. 
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ointed-oiit  as  competent  to  produce  it;  so  that,  as  far  as  we  can  at 
resent  judge,  a  change  in  the  place  of  the  lens  is  the  sole  means  of 
,  iapting  the  eye  to  distinct  vision  at  varying  distances. — It  is  certain 
;,iat  the  condition  of  repose  is  that  of  vision  for  distant  objects,  no  fatigue 
aing  experienced  from  the  prolonged  direction  of  the  eye  to  these ;  whilst 
ihe  employment  of  the  visual  power  upon  near  objects  for  some  time,  is 
•ccompanied  with  a  sense  of  effort,  and  is  followed  by  fatig-ue.  The 
laovement  which  effects  the  change  of  place  of  the  crystalline  lens  is  per- 
formed in  obedience  to  Volition  and  is  guided  by  sensation ;  yet  we  are 
.'.ot  conscious  of  performing  it,  all  that  we  will  being  the  result;  and  thus 
i7e  have  another  apposite  illustration  of  the  really  automatic  nature  of 
■l?hat  are  termed  voluntary  movements  generally  (§  757). 

87 8.  When  both  eyes  are  fixed  upon  an  object,  their  axes  converge  so  as 

■  0  meet  in  it ;  and  the  degree  of  convergence  is  of  course  altered  by  varia- 
idons  in  the  distance  of  the  object ;  since,  when  the  object  is  very  remote,  the 
ipptic  axes  are  virtually  parallel,  whilst  its  approach  causes  them  to  incline 
liowards  each  other,  and  this  the  more  rapidly  as  the  object  is  brought 
i  ieai'er,  the  increase  being  the  greatest  when  it  has  arrived  within  the 

;  )rdiuary  distance  of  distinct  vision.    Here,  again,  we  have  an  example  of 

■  he  automatic  nature  of  voluntary  actions;  for  the  convergence  of  the 
^3yes  that  may  be  produced  by  such  a  gradual  approximation  of  an  object 
•on  which  the  eyes  are  kept  fixed  by  an  effort  of  the  Will,  far  exceeds  that 
which  most  individuals  can  induce  by  an  effort  made  directly  for  the 

■  purpose;  and  if,  when  an  object  has  thus  been  gradually  approximated  to 
\  within  a  few  inches  of  the  nose,  the  effort  be  intermitted  and  the  optic 

I  axes  be  allowed  to  regain  their  parallelism,  they  can  seldom  be  brought 
to  converge  again  upon  it,  without  repeating  the  whole  process.  —  It 

II  has  been  thought,  from  the  close  accordance  between  the  changes  re- 
iquked  for  the  adaptation  of  the  eyes  to  distinct  vision  at  different 
I  distances,  and  the  alterations  in  the  direction  t)f  -the  optic  axes  which  are 
■■required  to  bring  the  two  eyes  to  bear  upon  objects  at  varying  degrees 
'of  proximity  or  remoteness,  that  the  former  of  these  movements  is  in 
^  some  degree  dependent  upon  the  latter,  or,  at  any  rate,  that  the  two  pro- 
L-  ceed  from  a  common  motor  impulse.  But  that  the  convergence  of  the 
I'  axes  is  not  itself  in  any  way  the  occasion  of  the  alteration  of  the  focus  of 

■  the  eye,  is  shown  by  these  two  facts ;  first,  that  the  adaptation  is  as  perfect 
in  a  person  who  only  possesses  or  uses  one  eye,  as  it  is  when  both  are  em- 

I  ployed ;  and  second,  that  some  persons  possess  the  power  of  altering  the 
:  focus  oif  the  eye  by  an  effort  of  the  will,  whilst  the  convergence  remains 
!  the  same. — In  regard  to  the  adaptation  of  the  eyes  to  varying  distances,  it 
-  is  further  to  be  remarked,  that,  when  an  object  is  being  viewed  as  near 
:  to  the  eye  as  it  can  be  distinctly  seen,  the  pupil  contracts  in  a  consider- 
'  able  degree.  The  purpose  of  this  change,  is  evidently  to  exclude  the 
'  outer  rays  of  the  cone  or  pencil,  which,  from  the  large  angle  of  their 
divergence,  would  fall  so  obliquely  on  the  convex  surface  of  the  eye,  as  to 
be  much  affected  by  the  spherical  aberration ;  and  thus  to  allow  the  central 

■  rays  only  to  enter  the  eye,  so  as  to  preserve  the  clearness  of  the  image. 
!  The  channel  through  which  it  is  effected  is  evidently  the  same  as  that 

hy  which  the  convergence  of  the  eyes  is  produced, — namely,  the  inferior 
branch  of  the  3rd  Pair  of  nerves;  to  the  action  of  which,  the  sensations 
received  through  the  retina  form  the  immediate  stimulus,  in  the  same 
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manner  as  they  do  to  the  ordinary  variation  in  the  diameter  of  the  pupil 
under  the  influence  of  light;  but  the  voluntary  determination  to  fix  the 
vision  upon  the  object,  is  the  original  source  of  the  action. 

879.  The  ordinary  forms  of  defective  vision,  which  are  known  under 
the  names  of  Myopia  and  Preshjojna,  or  '  short-sightedness'  and  'long- 
sightedness,' are  entirely  attributable  to  defects  in  the  optical  adaptation 
of  the  eye.    In  the  former,  its  refractive  power  is  too  great;  the  mys 
from  objects  at  the  usual  distance  are  consequently  brought  too  soon  to  a 
focus,  so  as  to  cross  one  another  and  diverge  before  they  fall  upon  the 
retina;  whilst  the  eye  is  adapted  to  bring  to  their  proper  focus  on  the 
retina,  only  those  rays  which  were  previously  diverging  at  a  large  angle, 
from  an  object  in  its  near  proximity.    Hence  a  '  short-sighted '  person^ 
whose  nearest  limit  of  distinct  vision  is  not  above  half  that  of  a  person 
of  ordinary  sight,  can  see  minute  objects  more  clearly;  his  eyes  having, 
in  fact,  the  same  magnifying  power  which  those  of  the  other  would 
possess,  if  aided  by  a  convex  glass  that  would  enable  him  to  see  the 
object  distinctly  at  the  shortest  distance.    But  as  the  myopic  structure  of 
the  eye  incapacitates  its  possessor  fi-om  seeing  objects  clearly  at  even  a 
moderate  distance,  it  is  desu-able  to  apply  a  correction ;  and  this  is  done, 
by  simply  inte)-posing  between  the  object  and  the  eye  a  concave  lens,  of 
which  the  curvature  is  properly  adapted  to  compensate  for  the  excess 
of  that  of  the  organ  itself — On  the  other  hand,  in  the  presbyopic  eye, 
the  curvature  and  refractive  power  are  not  sufficient  to  bring  to  a  focus,! 
on  the  retina,  rays  which  were  previously  divergent  in  a  considerable  orl 
even  in  a  moderate  degi-ee;  and  indistinct  vision  in  regard  to  all  nearl 
objects  is,  therefore,  a  necessary  consequence,  whilst  distant  objects  arel 
well  seen.    This  defect  is  remedied  by  the  use  of  convex  lenses,  which! 
make  up  for  the  deficiency  of  the  curvature.  —  We  commonly  meet! 
with  myopia  in  young  persons,  and  with  presbyopia  in  old ;  but  this  isl 
by  no  means  the  invariable  rule ;  for  even  aged  persons  are  sometimes! 
*  short-sighted,'  and  '  long-sightedness '  is  occasionally  met- with  amongst! 
the  young.    In  choosing  sjDectacles,  for  the  pm-pose  of  correcting  theB 
errors  of  the  eye,  it  is  of  great  consequence  not  to  make  an  over-compen-B 
sation ;  for  this  has  a  tendency  to  increase  the  defect,  besides  occasioninglj 
great  fatigue  in  the  employment  of  the  sight.    It  may  be  easily  foundB 
when  a  glass  of  the  right  power  has  been  selected,  by  inquu'ing  of  thel 
individual  whether  it  alters  the  apparent  size  of  the  objects,  or  onlyB 
renders  them  distinct.    If  it  alter  the  size  (increasing  it,  if  it  be  a  convexB 
lens,  and  diminishing  it,  if  it  be  a  concave),  its  curvatm-e  is  too  great« 
whilst  if  it  do  not  disperse  the  haze,  it  is  not  sufficiently  powerftd.  Inl 
general  it  is  better  to  employ  a  glass  which  somewhat  under-compensateM 
the  eye,  than  one  which  is  of  a  curvature  at  all  too  high ;  since,  with  thel 
advance  of  years  in  elderly  persons,  a  progressive  increase  in  power 
required;  and,  as  young  persons  grow  up  to  adult  age,  they  shouldH 
endeavour  to  dispense  with  the  aid  of  spectacles.  I 

880.  Many  other  interesting  inquiries,  respecting  the  action  of  the  EyeB 
as  an  optical  instrument,  suggest  themselves  to  the  Physical  p]iiloso-|| 
pher ;  but  the  foregoing  are  the  chief  in  which  the  Physiologist  is  con-fcl 
cerned ;  and  we  shall  now  proceed,  therefore,  to  consider  the  share,  ^'liichri 
the  Nervous  apparatus  performs  in  the  phenomena  of  vision. — The  Optidjl 
Nerve,  at  its  entrance  into  the  eye  divides  itself  into  numerous  smalll 
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fasciculi  of  ultimate  fibrils ;  and  these  ajDpear  to  spread  themselves  out, 
and  to  inosculate  with  each  other  by  au  exchange  of  fibrils,  so  as  to  form 
a  net-like  plexus.  There  is  considerable  difficulty,  however,  in  the  pre- 
cise determination  of  the  course  of  the  nerve-fibres  in  the  Retina;  on 
account  of  their  minute  size,  and  the  absence  of  their  distinctive 
chai-actei-s.  According  to  Mr.  Bowman,*  the  tubular  membrane  and  the 
white  substance  of  Schwann  are  deficient;  and  only  the  central  part  of 
the  nerve-fibre,  or  axis-cylinder,  is  continued  into  this  expansion.  The 
plexus  of  nei've-fibres  comes  into  relation  with  a  plexus  of  capillary 
vessels  (Fig.  141),  very  minutely  distributed;  and  also  with  a  layer  of 
cells,  which  constitutes  the  internal  layer  of  the  true  Retina,  and  which  so 
closely  resembles  those  of  the  cortical  substance  of  the  Brain,  that  there 
can  be  no  reasonable  doubt  of  their  correspondence  in  function. t  We 


Fig.  141.  Fig.  142. 


Distribution  of  Capillaries  in  the  Vascular  Part  of  the  Itetbia  of  a  Frog,  seen  from 

layer  of^  the  Retina.  the  outer  surface,  showing  the  staff-like 

bodies  of,' Jacob's  Membrane.' 


have  here,  then,  all  the  elements  of  an  apparatus  for  the  origination  of 
changes  in  the  nervous  trunks,  in  a  fully  developed  condition ;  and  it  can 
scarcely  be  doubted  that  the  essential  parts  of  the  same  structures  exist 
in  connection  with  the  peripheral  expansions  of  the  nerves  distributed  to 
other  sensory  organs. — The  true  Retina  is  covered  externally  by  a  very 
peculiar  investment,  the  *  Membrane  of  Jacob,'  which  separates  it  from 
the  pigmentary  layer.  This  seems  to  be  composed  of  cells  having  a 
cylindrical  form;  and  these  are  sometimes  arranged  vertically  to  the 
surface  of  the  membrane,  so  that  their  extremities  only  are  seen;  whilst 
in  other  instances  they  are  foimd  to  present  an  imbricated  arrangement, 
lying  over  each  other  obliquely,  in  which  case  they  are  of  considerable 
length  (Fig.  142).  They  are  remarkable  for  the  rapidity  with  which 
they  undergo  alterations  after  death,  and  especially  for  the  changes  in 
their  form  which  are  produced  by  the  action  of  water. 
881.  The  following  statements  on  the  Limits  of  Human  Vision,  in 

*  "  Lectures  on  the  Parts  concerned  in  the  Operations  on  the  Eye,"  p.  81 . 

+  This  doctrine,  which  has  been  taught  by  the  Author  for  many  years,  has  latterly 
received  full  confirmation  from  the  researches  of  Mr.  H.  Gray  upon  the  development  of  the 
Eye  ;  for  he  has  shown  that  the  Retina  is  really  an  offset  put-forth  (so  to  speak)  from  the 
Optic  Ganglion,  and  that  the  Optic  Nerve  is  to  be  considered  in  the  light  of  a  commisBure. 
(See  "Philos.  Transact.,"  1850). 
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regard  to  the  possible  minuteness  of  the  objects  of  which  it  can  take 
cognizance,  comprehend  the  result  of  numerous  inquiries  made  by  Prof. 
Ehrenberg,  with  the  view  of  calculating  the  ultimate  power  of  the 
Microscope.*  In  opposition  to  the  generally  received  opinion,  Ehren- 
berg arrived  at  the  conclusion  that,  in  regard  to  the  extreme  limits  of 
vision,  there  is  little  difference  amongst  persons  of  ordinarily  good  sight, 
whatever  may  be  the  focal  distance  of  their  eyes.  The  smallest  squai'O 
magnitude  usually  visible  to  the  naked  eye,  either  of  white  particles  on 
a  black  ground,  or  of  black  upon  a  white  or  light-coloured  ground,  is 
about  the  l-405th  of  an  inch.  It  is  possible,  by  the  greatest  conden- 
sation of  light,  and  excitement  of  the  attention,  to  recognize  magnitudes 
between  the  l-405th  and  l-540th  of  an  inch;  but  without  shai-pness 
or  certainty.  Bodies  which  are  smaller  than  these,  cannot  be  discerned 
with  the  naked  eye  when  single ;  but  may  be  seen  when  placed  in  a  row. 
Particles  which  powerfidly  reflect  light,  however,  may  be  distinctly  seen, 
when  not  half  the  size  of  the  least  of  the  foregoing ;  thus,  gold  dust  t  of 
the  fineness  of  1-1 125th  of  an  inch,  may  be  discerned  with  the  naked  eye 
in  common  daylight.  The  delicacy  of  vision  is  far  greater  for  lines  than 
for  mere  points;  since  opaque  thi'eads  of  l-4900th  of  an  inch  in  diameter 
(about  half  the  diameter  of  the  Silk-worm's  fibre)  may  be  discerned  with 
the  naked  eye,  when  held  towards  the  light.  The  degree  in  which 
the  attention  is  directed  to  them,  has  a  great  influence  on  the  readiness 
with  which  very  minute  objects  can  be  perceived ;  and  Ehrenberg  remai'ks 
that  there  is  a  much  greater  difference  amongst  individuals  in  this  re- 
spect, than  there  is  in  regard  to  the  absolute  limits  of  vision.  Many 
persons  can  distinctly  see  such  objects,  when  their  situation  is  exactly 
pointed  out  to  them,  who  cannot  otherwise  distinguish  them;  and  the 
same  is  the  case  with  persons  of  acuter  perception,  with  respect  to  objects 
at  distances  greater  than  those  at  which  they  can  see  most  cleai-ly.  "  I 
myself,"  says  Ehrenberg,  "  cannot  see  1-2  700th  of  an  inch,  black  or 
white,  at  twelve  inches'  distance;  but  having  found  it  at  from  four  or 
five  inches'  distance,  I  can  remove  it  to  twelve  inches,  and  still  see  the 
object  plainly."  Similar  phenomena  are  well  known  in  regard  to  a 
balloon  or  a  faint  star  in  a  clear  sky,  or  a  ship  in  the  horizon :  we  easily 
see  them  after  they  have  been  pointed  out  to  us;  but  the  faculty  of 
rapidly  descrying  depends  on  the  habit  of  using  the  eyes  in  search  of 
such  objects,  and  of  attending  to  the  sensory  impressions  received  through 
them. 

882.  The  amount  of  Hght  admitted  to  the  Eye  is  regulated  by  the 
contraction  and  dilatation  of  the  Pupil,  which  is  due  to  the  musculai'ity 
of  the  Iris;  its  smallest  diameter  being  about  1-2 0th,  and  its  lai-gest 
about  l-3rd  of  an  inch.  The  converging  fibres  of  the  iris  are  easily  made 
out,  as  the  membrane  is  principally  composed  of  them ;  they  have  the 
general  characters  of  the  non-striated  muscular  fibre,  but  their  nuclei  are 
rounder  and  more  loosely  attached  to  the  contractile  material-  Although 
the  principal  direction  taken  by  the  fibres  is  from  the  circumference 
towards  the  centre  of  the  iris,  yet  their  course  is  by  no  means  constantly 
straight,  and  they  frequently  anastomose  with  each  other  in  then'  passage ; 

"  Taylor's  "  Scientific  Memoirs,"  vol.  i.  p.  576. 

+  Ehrenberg  mentions  that  he  obtained  the  finest  particles  of  gold,  by  scraping  gilt  brass; 
by  filing  pure  gold,  he  always  obtained  much  coarser  particles. 
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these  anastomoses  are  most  frequent  near  tlie  j)ui)il.  The  circular  fibres 
of  the  iris  are  by  no  means  so  distinct ;  and  rarely,  in  Man,  form  more 
than  a  somewhat  undefined  band,  immediately  surrounding  the  pupil  , 
and  lying  in  front  of  the  radiating  fibres.  Although  the  iris  is  so  vas- 
cular, that  some  anatomists  have  endeavoured  to  explain  its  movements 
ou  the  hypothesis  that  they  constitute  a  soii;  of  erection,  there  is  no 
ground  for  this  idea ;  and  it  is  more  plainly  demonstrated  in  many  of  the 
lower  animals  than  it  is  in  Man,  that  the  movements  of  the  Iris  are  truly 
muscular,  since  we  find  the  annular  as  well  as  the  radiating  fibres  very 
distinct,  and  in  Birds  (many  of  which  seem  to  possess  a  j)Ower  of  volun- 
tarily regidating  the  diameter  of  the  pupil)  the  former  are  striated.  The 
contraction  of  the  annular  fibres,  whereby  the  diameter  of  the  pupil  is 
diminished,  is  effected,  as  abeady  explained  (§  724),  through  the  instru- 
mentality of  the  3rd  Pair  of  nerves ;  the  contraction  of  the  radiating 
fibres,  on  the  other  hand,  whereby  the  pupil  is  dilated,  is  under  the 
government  of  the  Sympathetic  (§  847).  The  contraction  of  the  Pupil 
takes  j)lace,  as  we  have  seen,  not  merely  for  the  purpose  of  excluding 
superfluous  light  from  the  eye,  but  also  that  the  most  divergent  rays  may 
be  cut  off,  when  the  object  is  brought  near  the  convex  sm-face  (§  878). 

883.  The  sense  of  Vision  depends,  in  the  first  place,  on  the  transference 
to  om-  minds  of  the  picture  which  is  formed  upon  the  retina ;  this  picture 
puts  us  in  possession  of  the  outlines,  lights  and  shades,  colours,  and 
relative  positions,  of  the  objects  before  us ;  and  all  the  ideas  respecting 
the  real  forms,  distances,  &c.,  of  bodies,  which  we  found  upon  these  data, 
must  be  considered  in  the  light  of  percej^tions,  either  instinctive  or 
acquired.  Many  of  these  are  derived  through  the  combination,  in  our 
minds,  of  the  Visual  sensations,  with  those  derived  from  the  sense  of 
Touch.  Thus,  to  take  a  most  simple  illustration,  the  idea  of  smoothness 
is  one  essentially  tactile ;  and  yet  it  constantly  occurs  to  us,  on  looking  at 
a  surface  which  reflects  light  in  a  particular  manner.  But,  if  it  were  not 
for  the  association,  which  experience  leads  us  to  form,  of  the  connection 
between  polish  as  seen  by  the  eye,  and  smoothness  as  felt  by  the  touch,  we 
shoidd  not  be  able  to  determine,  as  we  now  can  do,  the  existence  of  both 
these  qualities,  from  an  impression  communicated  to  us  through  either 
sense  singly.  The  general  fact  that,  in  Man,  the  greater  part  of  those 
notions  of  the  external  world,  by  which  his  actions  in  the  adult  state  are 
guided,  are  acquired  by  the  gi-adual  association  of  the  perceptions  derived 
thi-ough  the  Sight  and  through  the  Touch,  is  substantiated  by  amply-suffi- 
cient evidence.  This  evidence  is  chiefly  derived  from  obsei'vations  made 
upon  pei-sons  born  blind,  to  whom  sight  lias  been  communicated  by  an  ope- 
ration, at  a  period  of  life  which  enabled  them  to  give  an  accurate  descrip- 
tion of  their  sensations.  The  case  recorded  by  Cheselden  is  one  of  the 
most  interesting  of  these.  The  youth  (about  twelve  years  of  age),  for 
some  time  after  tolerably  distinct  vision  had  been  obtained,  saw  every- 
thing fiat  as  in  a  jjicture,  simply  receiving  the  consciousness  of  the 
impression  made  upon  his  retina;  and  it  was  some  time  before  he 
acquired  the  power  of  judging,  by  his  sight,  of  the  real  forms  and  distances 
of  the  objects  around  him.  An  amusing  anecdote  recorded  of  him,  shows 
the  complete  want  of  natural  or  intuitive  connection  which  there  is  in 
Man,  between  the  ideas  formed  through  visual  and  through  tfictile  sensa- 
tions.   He  was  well  acquainted  with  a  Dog  and  a  Cat  hyfeelinr/  ;  but 
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could  not  remember  their  respective  characters  when  he  saw  them.  One 
day,  when  thus  puzzled,  he  took  up  the  Cat  in  his  arms,  and  felt  her 
attentively,  so  as  to  associate  the  two  sets  of  ideas ;  and  then,  setting  her 
down,  said,  "So,  puss,  I  shall  know  you  another  time." — A  similar  in- 
stance has  come  under  the  Author's  own  knowledge  ;  but  the  subject  of 
it  was  scarcely  old  enough  to  present  phenomena  so  striking.  One 
curious  circumstance  was  remarked  of  him,  which  fully  confirms  (if  con- 
fii'mation  were  wanting)  the  view  here  given.  For  some  time  after  his 
sight  was  tolerably  clear,  the  lad  preferred  finding  his  way  through  his 
father's  house,  to  which  he  had  been  quite  accustomed  when  blind,  by 
touch  rather  than  by  sight,  the  use  of  the  latter  sense  appeai'ing  to 
perplex  rather  than  to  assist  him ;  but,  when  learning  a  new  locality,  he 
employed  his  sight,  and  evidently  perceived  the  increase  of  facility  which 
he  derived  from  it. — The  question  has  been  proposed,  whether  a  person 
born  blind,  who  was  able  by  the  sense  of  Touch  to  distinguish  a  cube  from 
a  sphere,  would,  on  suddenly  obtaining  his  Sight,  be  able  to  distinguish 
them  by  the  latter  sense.  This  question  was  answered  by  Locke  in  the 
negative  ;  and,  as  appears  from  the  facts  just  stated,  with  justice. 

884.  The  actions  performed  by  many  new-born  animals  do  not  consti- 
tute any  valid  objection  to  this  view ;  for  all  that  is  indicated  by  them 
is,  that  certain  sensations  give  rise  to  movements  adapted  to  supply  the 
wants  to  wliich  they  relate.  Such  instinctive  actions  are,  as  already 
pointed  out,  much  more  numerous  in  the  lower  Animals  than  in  the 
higher,  and  in  the  young  of  the  Human  species  than  in  the  adult 
(§  792) ;  and  they  do  not  afford  any  proof  that  definite  notions,  such 
as  we  acqiiire,  of  the  forms  and  properties  of  external  objects,  are  pos- 
sessed by  the  animals  which  exhibit  them. — We  shall  now  examine,  a 
little  more  in  detail,  into  the  means  by  which  we  gain  such  notions, 
and  the  data  on  which  they  are  founded. 

885.  The  first  point  to  be  determined,  is  one  which  has  been  a  fruitful 
source  of  discussion,  —  the  cause  of  Erect  Vision,  the  picture  upon  the 
retina  being  inverted.  Many  solutions  of  it  have  been  attempted;  but 
they  are  for  the  most  pai't  rather  specious  than  really  satisfactory.  That 
which  has  been  of  late  years  the  most  in  vogue,  is  founded  iipon  what 
was  styled  the  '  law  of  visible  direction,'  which  has  been  supported  by 
Sir  D.  Bi-ewster,  and  other  eminent  Philosophers.  This  law  affirms,  that 
every  object  is  seen  in  the  direction  of  the  perpendicular  to  that  point  of 
the  retina,  on  which  its  image  is  formed ;  or,  in  other  words,  that,  as  all 
the  perpendiculars  to  the  several  points  of  the  inner  surface  of  a  sphere 
meet  in  the  centre,  the  hue  of  direction  of  any  object  is  identical  with 
the  prolonged  radius  of  the  sphere,  drawn  from  the  point  at  which  its 
image  is  made  upon  the  retina.  Upon  close  examination,  however,  it  is 
found  that  this  law  cannot  be  optically  correct;  since  the  lines  of  direc- 
tion ci-oss  each  other  at  a  point  much  anterior  to  the  centre  of  the  globe ; 
as  may  be  determined  by  drawing  a  diagram  upon  a  large  scale,  and 
laying  down  the  course  of  the  rays  received  by  the  eye,  according  to  the 
curvatures  and  refractive  powers  of  its  different  parts.  In  this  manner  it 
has  been  determined  by  Volkmann,  that  the  lines  of  direction  cross  each 
other  in  a  point  a  little  beliind  the  crystalline  lens ;  and  that  they  must 
thus  fall  at  such  different  angles  on  diffisrent  points  of  the  retina,  that  no 
general  law  can  be  laid  down  respecting  them.    Moreover,  even  suppos- 
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jjag  that  such  a  law  were  a  con-ect  statement  of  the  general  fact,  it  would 
not  aflFord  any  real  assistance  in  explaining  the  phenomenon  ;  since,  after 
all,  it  is  requisite  to  assume  an  intuitive  application  of  it,  in  supposing 
the  mind  to  derive  its  ideas  of  the  relative  situations  of  objects  from  the 
imagined  line  of  direction.  —  A  much  simpler  and  more  direct  explana- 
tion may  be  given.  We  must  always  bear  that  in  mind,  which  we  have 
had  occasion  to  notice  in  regard  to  all  the  other  Senses,  — ^the  broad  line 
of  distinction  between  the  sensation,  and  the  perception  or  elementary/ 
notion;  the  latter  being  the  result  of  the  operation  of  the  Sensory  im- 
pression on  the  Cerebrum,  but  having  a  nature  as  distinct  as  that  of  any 
other  effect  can  be  from  that  of  its  cause.  Further,  it  has  been  shown 
that  there  is  in  Man  a  complete  absence  of  any  relation  but  such  as 
experience  developes,  between  the  perceptions  derived  through  the  Sight, 
and  those  acquired  from  the  Touch.  Hence  there  is  no  more  difficulty 
in  understanding,  that  an  inverted  picture  upon  the  retina  should  convey 
to  us  a  notion  of  the  external  world,  which  harmonises  with  that  acquired 
through  the  sense  of  touch,  than  there  is  in  comprehending  the  existence 
of  any  of  those  intuitive  perceptions  of  animals,  which  are  so  much  more 
removed  from  the  teachings  of  our  own  experience  (§  792).  It  is  justly 
remarked  by  Mliller  that,  "  if  we  do  see  objects  inverted  [or  rather,  if  the 
picture  on  the  retina  be  inverted]  the  only  proof  we  can  possibly  have  of 
it,  is  that  afforded  by  the  study  of  the  laws  of  Optics  ;  and,  if  everything 
is  seen  reversed,  the  relative  position  of  the  objects  remains  unchanged. 
Hence  it  is,  also,  that  no  discordance  arises  between  the  sensations  of 
inverted  vision  and  those  of  touch,  which  perceives  everything  in  its 
erect  position ;  for  the  images  of  all  objects,  even  of  our  own  limbs,  on 
the  retina,  are  equally  inverted,  and  therefore  maintain  the  same  relative 
position.  Even  the  image  of  our  hand,  when  used  in  touch,  is  inverted." 
From  what  has  been  stated,  it  would  appear  quite  conceivable,  that  a 
pei-son  just  endowed  with  sight,  should  not  at  first  know  by  his  visual 
powers,  whether  a  pyramid  placed  before  his  eyes  is  the  same  body,  and 
in  the  same  position,  as  one  with  which  he  has  become  acquainted  by  the 
touch;  and,  if  this  be  admitted,  the  inference  necessarily  follows,  that 
the  notion  of  erectness,  which  we  form  by  the  combined  use  of  our  eyes 
and  our  hands,  is  really  the  product  of  experience  in  ourselves,  whilst  it 
is  probably  innate  or  intuitional  in  the  lower  Animals. 

886.  The  cause  of  Single  Vision  with  the  two  Eyes  has,  in  like  manner, 
been  the  subject  of  much  discussion ;  since  the  mode  in  which  we  are 
affected  by  the  two  simultaneous  impressions,  is  quite  different  from  that 
in  which  we  derive  our  knowledge  of  external  things  through  the  other 
senses.  Some  have  even  asserted,  that  we  do  not  really  employ  both  eyes 
simultaneously,  but  that  the  mind  is  affected  by  the  image  communi- 
cated by  one  only;  and  this  idea  might  seem  to  be  confirmed  by  the  fact 
heretofore  mentioned  (§  861),  respecting  the  alternate  use  of  the  two 
eyes,  when  they  are  looking  through  two  differently-coloured  media.  But 
it  is  easily  disproved  in  other  ways. — It  will  presently  be  shown,  that  all 
our  estimates  of  the  forms  of  bodies,  depend  on  the  combination  by  the 
mind,  of  the  images  simultaneously  transmitted  by  the  two  eyes ;  and 
our  knowledge  of  distances  is  in  great  part  obtained  in  like  manner.  One 
condition  of  Single  Vision,  however,  seems  to  be  this,  that  the  two  images 
of  the  object  should  be  formed  on  parts  of  the  two  retineo  which  are 
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accustomed  to  act  in  concert;  and  habit  appears  to  be  the  chief  means  by 
which  this  conformity  is  produced.  There  can  be  no  doubt,  however, 
that  double  images  are  continually  being  conveyed  to  the  Sensorium ; 
but  that,  from  their  want  of  force  and  distinctness,  and  from  the  attention 
being  fixed  on  something  else,  we  do  not  take  cognisance  of  them.  This 
may  be  shown  by  a  very  simple  experiment.  If  two  fingers  be  held  up 
before  the  eyes,  one  in  front  of  the  other,  and  vision  be  directed  to  the 
more  distant,  so  that  it  is  seen  singly,  the  nearer  will  appear  double ; 
while,  if  the  nearer  one  be  regarded  more  particularly,  so  as  to  appear 
single,  the  more  distant  will  be  seen  double.  A  little  consideration  will 
show,  tlierefore,  that  oiu^  minds  must  be  continually  affected  witli  sensa- 
tions, which  cannot  be  united  into  tlie  idea  of  a  single  image ;  since, 
whenever  we  direct  the  axes  of  om-  eyes  towards  any  object,  eveiything 
else  will  be  represented  to  us  as  double;  but  we  do  not  ordinarily  per- 
ceive this,  from  our  minds  being  fixed  upon  a  clear  and  distinct  image, 
and  disregaixling,  tlnerefore,  the  vague  undefined  images  formed  by  objects 
at  a  different  focus.  Of  this  it  is  very  easy  to  convince  oneself — It  is 
moreover  evident  from  this  experiment,  that  double  vision  cannot  result 
from  -want  of  symmetry  in  the  position  of  the  images  upon  the  retina,  to 
which  some  have  attributed  it ;  for  it  answers  equally  well,  if  the  line  of 
the  two  fingers  be  precisely  in  front  of  the  nose,  so  that  the  inclination 
of  both  eyes  towards  either  object  is  equal ;  the  position  of  the  images 
of  the  second  olrject  must  then  be  at  the  same  distance  on  either  side 
from  the  central  line  of  the  I'etina,  and  yet  they  are  represented  to  the 
mind  as  double.  Hence  it  seems  clear  that  singleness  of  vision  is  also 
dependent  upon  the  convergence  of  the  optic  axes  in  the  object  to  which 
our  gaze  is  directed.  —  Attempts  have  been  made  to  explain  the  pheno- 
mena of  Single  Vision  by  the  peculiar  decussation  of  the  Optic  Nei-ves 
formerly  described  (§  742),  it  being  supposed  that  only  one  Optic  Gang- 
lion would  be  affected  by  an  impression  made  xipon  both  Retinae.  This 
explanation,  however,  even  siipposing  the  fact  to  be  as  stated,  woidd  be 
far  from  affording  the  solution  of  the  problem ;  and  it  would  be  entirely 
inapplicable  to  that  very  important  series  of  phenomena  to  be  next 
described,  which  show  how  large  an  amount  of  information  we  derive,  not 
merely  from  the  repetition,  but  from  the  difference,  of  the  sensoiy  im- 
pressions made  by  the  same  object  upon  our  two  retinae;  and  which 
indicate  that  here,  as  in  the  case  of  erect  vision,  the  mental  interpretation 
of  the  sensory  impressions  is  a  process  altogether  removed  from  the 
simple  affection  of  the  consciousness  by  those  impressions,  and  is  not 
to  be  accounted-for  by  any  structm-al  arrangements  of  the  Sensorial 
apparatus. 

887.  We  shall  next  consider  the  mode,  in  which  our  notion  of  the 
solid  forms  and  relative  projection  of  objects  is  acquired;  on  which  gi'eat 
light  has  been  thrown  by  the  interesting  experiments  of  Prof  \^1ieat- 
stone.*  It  seems  perfectly  evident,  both  from  reason  and  experience, 
that  the  flat  picture  upon  the  retina,  which  is  the  immediate  source  of 
our  sensation,  coiild  not  itself  convey  to  our  minds  any  notion,  but  that 
of  a  corresponding  plane  surface.  In  fact,  any  notion  of  solidity,  which 
might  be  formed  by  a  person  who  had  never  had  the  iise  of  more  than 


*  "  Philosophical  Transactions,"  1 838  and  J  852. 
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one  eye,  would  entirely  depend  upon  the  combination  of  his  visual  and 
tactile  sensations.  This  view  is  fully  confirmed  by  the  case  already 
referred-to,  as  recorded  by  Cheselden.  The  first  visual  idea  formed  by 
the  youth  was,  that  the  objects  around  him  formed  a  flat  surface,  which 
touched  his  eyes,  as  they  had  previously  been  in  contact  with  his  hands; 
and  after  tliis  notion  had  been  corrected,  through  the  education  of  his 
sight  by  his  touch,  he  fell  into  the  converse  error  of  supposing  that  a 
picture,  which  was  shown  to  him,  was  the  object  itself  represented  in 
relief  on  a  small  scale. — But  where  both  eyes  are  employed,  it  has  been 
ascertained  by  Prof  Wheatstone,  that  they  concur  in  exciting  the  per- 
ception of  solidity  or  projection,  which  arises  from  the  mental  combina- 
tion of  the  two  dissimilar  pictures  formed  upon  the  two  retin£e.  It  is 
easily  shown,  that  any  near  object  is  seen  in  two  different  modes  by  the 
two  eyes.  Thus  let  the  reader  hold  up  a  thin  book,  in  such  a  manner 
that  its  back  shall  be  exactly  in  front  of  his  nose,  and  at  a  moderate  dis- 
tance from  it ;  he  will  observe,  by  closing  first  one  eye  and  then  the  other, 
that  his  pei"spective  view  of  it  (or  the  manner  in  which  he  would  repre- 
sent it  on  a  plane  surface)  is  very  ditferent,  according  to  the  eye  with 
which  he  sees  it.  With  the  right  eye  he  will  see  its  right  side,  very 
much  foreshortened;  with  the  left,  he  will  gain  a  corresponding  view  of 
the  left  side ;  and  the  apparent  angles,  and  the  lengths  of  the  different 
lines,  will  be  found  to  be  very  different  in  the  two  views.  On  looking  at 
either  of  these  views  singly,  no  other  notion  of  solidity  can  be  acquired 
from  it,  than  that  to  which  the  mind  is  conducted,  by  the  association  of 
such  a  view  with  the  touch  of  the  object  which  it  represents.  But  it  is 
capable  of  proof,  that  the  mental  association  of  the  two  different  pictures 
upon  the  retinae,  does  of  itself  give  rise  to  the  idea  of  solidity.  This  proof 
is  afforded  by  Prof  Wheatstone's  ingenious  instrument,  the  Stereoscope, 
first  described  by  him  in  1838.* 

888.  The  Stereoscope  in  its  original  form  'essentially  consists  of  two 
plane  muTors,  inclined  with  their  backs  to  one  another  at  an  angle  of 
90°.  If  two  perspective  drawings  of  any  solid  object,  as  seen  at  a  given 
distance  with  the  two  eyes  respectively,  such  as  those  at  a  and  b. 
Fig.  143,  be  so  placed  before  these  mirrors,  one  before  each,  that  their 
two  images  shall  be  made  to  fall  upon  the  corresponding  parts  of  the  two 
retina),  in  the  same  manner  as  the  two  images  formed  by  the  solid  object 
itself  would  have  done,  the  mind  will  perceive,  not  a  single  representa- 

*  Various  modifications  of  this  instrument  have  been  subsequently  introduced;  and  there  is 
one  which  has  recently  (1852)  come  into  very  extensive  use,  in  which  the  two  monocular  pic- 
tures placed  side  by  side,  as  in  Figs.  143,  1 44,  arc  viewed  by  the  two  eyes  respectively  through 
two  prisms,  or  two  halves  of  a  convex  lens.  The  great  advantage  of  this  instrament  is  its 
portJibility ;  but  it  is  limited  to  pictures  of  small  size,  since  the  distance  between  corresponding 
points  of  the  two  pictures  must  not  exceed  the  distance  between  the  centres  of  the  two  eyes ; 
and  it  is  incapable  of  many  adaptations  which  can  be  made  with  the  mirror-stereoscope. — As 
Sir  1).  Brewster  has  recently  put  forth  his  claim  as  an  original  discoverer  in  regard  to  the 
truths  of  binocular  vision  which  have  been  established  by  the  Stereoscope,  on  the  strength  of 
some  trivial  improvements  in  the  construction  of  the  instrument,  the  Author  feels  it  due  to 
Prof.  Wheatstone  to  state  his  own  conviction,  founded  upon  a  careful  examination  of  the  whole 
history  of  the  invention,  that  the  entire  merit  of  the  idea, — that  all  our  perception  of  solidity 
derived  through  the  visual  sense  is  consequent  upon  the  mental  combination  of  the  two  dis- 
similar pictures  upon  the  two  retinaj, — .and  further,  that  the  whole  merit  of  the  realization  of 
that  idea  by  means  of  the  mirror-stereoscope,  Idng  before  Sir  D,  Brewster's  attention  had  been 
given  to  the  subject  at  all, — belongs  to  Prof.  Wheatstone. 
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tion  of  the  object,  nor  a  ooufiised  union  of  the  two,  but  a  projecting  or 
receding  surface,  the  exact  counterpart  of  that  from  which  the  drawings 
were  made.*  The  solid  form  is  forcibly  impressed  on  the  mind,  even 
when  outlines  only  are  given,  especially  if  these  be  delineations  of  simple 


Fig.  143. 


geometrical  figures,  easily  suggested  to  the  mind ;  and  it  may  be  easily 
shown  that  the  very  same  outlines  will  suggest  different  conceptions, 
according  to  the  mode  in  which  they  are  placed.  Thus  in  Fig.  144,  the 
upper  jDair  of  figures  a,  b,  when  combined  in  the  Stereoscope,  convey  the 
idea  of  a  'projecting  truncated  pyi-amid,  with  the  small  square  in  ilie 
centre,  and  the  four  sides  sloping  equally  away  from  it;  whilst  the  lower 
pair  of  figures,  c,  d,  which  are  the  same  as  the  upper,  but  transfeiTed  to 
the  opposite  sides,  no  less  vividly  bring  before  the  mind  the  visual  con- 
ception of  a  receding  pyramid,  still  with  the  small  square  in  the  centre, 
and  the  fom*  sides  sloping  equally  towards  it. — Prof  Wheatstone  further 
shows  by  means  of  the  Stereoscope,  that  similai'  images,  differing  to 
a  certain  extent  in  magnitude,  when  presented  to  the  corresponding  parts 
of  the  two  retinse,  give  rise  to  the  perception  of  a  single  object,  inter- 
mediate in  size  between  the  two  monocular  pictm-es.  Were  it  not  for 
this,  objects  would  appear  single,  only  when  at  an  equal  distance  from 
both  eyes,  so  that  their  pictm-es  upon  the  retina  ai'e  of  the  same  size ; 
which  will  only  happen,  when  they  are  directly  in  front  of  the  median 
line  of  the  face.  Again,  if  pictiu'es  of  dissimilar  objects  be  simulta- 
neously presented  to  the  two  eyes,  the  consequence  will  be  similar  to 
that  which  is  experienced,  when  the  rays  come  to  the  eye  through  two 
differently-coloured  media ;  the  two  images  do  not  coalesce,  nor  do  they 

•  The  most  striking  effect  is  produced  by  two  photographic  pictures,  taken  at  the  same 
time  by  two  cameras,  so  placed  that  their  axes  shall  form  the  same  angle  with  each  other  as 
that  which  the  axes  of  the  two  eyes  would  form  when  looking  at  the  same  object.  This 
adaptation,  though  the  credit  has  been  assumed  by  others,  was  originally  devised  by  Prot. 
Wheatstone. 
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ppear  pei-manently  superposed  upon  one  another;  but  at  one  time  one 
iiao-e  predominates  to  the  exclusion  of  the  other,  and  then  the  other  is 
en  alone ;  and  it  is  only  at  the  moment  of  change,  that  the  two  seem 
)  be  intermingled.  It  does  not  appear  to  be  in  the  power  of  the  will, 
rof.  AVheatstone  remarks,  to  determine  the  appearance  of  either ;  but,  if 
ne  picture  be  more  illuminated  than  the  other,  it  will  be  seen  during  a 
u-o-er  portion  of  the  time. — Many  other  curious  experiments  with  this 
linple  instrument  are  related  by  Prof  Wheatstone;  and  they  all  go  to 
onfirm  the  general  conclusion,  that  the  combination  of  the  dissimilar 
mages  furnished  by  the  two  eyes  is  a  mental  act,  resulting  from  an 


Fig.  144. 


A  -n 
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nherent  law  of  our  psychical  constitution ;  and  that  our  perceptions  of 
lie  solidity  and  projection  of  objects,  near  enough  to  be  seen  in  diflFerent 

ci'spective  with  the  two  eyes,  result  from  this  cause.  In  regard  to  dis- 
■mt  objects,  however,  the  difference  in  the  images  formed  by  the  two 

\  es  is  so  slight,  that  it  cannot  aid  in  the  determination ;  and  hence  it 
^  that,  whilst  we  have  no  difficulty  in  distinguishing  a  picture,  however 

ell  painted,  fi'ora  a  solid  object,  when  placed  near  our  eyes  (since  the 

lea  which  might  be  suggested  by  the  image  formed  on  one  eye,  will 
r  licn  be  coiTected  by  the  other),  we  are  very  liable  to  be  misled  by  a 
lelineation,  in  which  the  perspective,  light  and  shade,  &c.,  are  faithfully 
lepicted,  if  we  are  placed  at  a  distance  from  it,  and  are  prevented  from 
|icrceiving  that  it  is  hut  a  picture.  In  this  case,  however,  a  slight  move- 
ment of  the  head  is  sufficient  to  undeceive  us;  since  by  this  movement  a 
/rcat  change  would  be  occasioned  in  the  persjjective  view  of  the  object, 

iipposing  it  to  possess  an  uneven  surface;  whilst  it  scarcely  affects  the 

mage  formed  by  a  picture.  In  the  same  manner,  a  person  who  only 
I^ossesses  one  eye,  obtains,  by  a  slight  motion  of  his  head,  the  same  idea 

'f  the  form  of  body,  which  another  would  acquire  by  the  simultane- 
'  'US  use  of  his  two  eyes. 
889.  The  .appreciation  of  the  distance  of  objects  may  be  easily  shown 
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to  be  principally  derived  from  the  association,  in  the  Mind,  of  visual  ant 
tactile  sensations;  assisted,  in  regard  to  near  objects,  by  the  sensation 
derived  from  the  muscles  of  the  eye-balls.    How  much  our  right  estima 
tion  of  the  relative  distances  of  objects  not  too  far  removed  from  the  ey* 
depends  upon  the  joint  use  of  both  eyes,  is  made  evident  by  the  fact,  thm 
if  we  close  one  eye,  we  find  ourselves  unable  to  execute  with  certainty  man 
actions  (such  as  threading  a  needle,  or  snuffing  a  candle)  which  requu-e  it 
guidance ;  and  we  can  scarcely  conceive  of  any  other  basis  for  this  appi  ' 
elation,  than  that  which  is  afforded  by  the  miiscular  sensations  produce  ^ 
by  the  different  degrees  in  which  the  optic  axes  are  made  to  converor 
according  to  the  distances  of  the  objects  to  which  we  direct  our  eye- 
For  in  proportion  as  they  are  removed  fui-ther  and  further,  do  the  opti 
axes  approach  parallelism,  and  the  power  of  appreciating  differences  c 
distance  is  lost;  whilst,  on  the  other  hand,  in  proportion  as  the  object  i 
approximated  to  the  eyes,  slight  differences  of  distance  produce  markc 
differences  in  the  degree  of  convergence ;  and  these  are  readily  appreciate 
so  as  to  afltbrd  the  means  of  very  nice  discrimination.    The  large  exten 
to  which  our  notion  of  the  relative  distances  of  near  objects  is  due  to  var 
ations  in  the  angle  of  convergence  of  the  optic  axes,  is  further  shown  bi  i 
the  following  experiment  devised  by  Prof  Wheatstone.    If  two  simils^  a 
pictures  be  placed  in  his  miiTor-stereoscojDC,  and  be  made  to  move  to  aui.  < 
from  the  mirrors,  so  as  to  vary  their  distances  from  these,  and  therefon  y 
from  the  eyes,  without  altering  the  angle  of  convergence,  their  appai-eii^  a 
sizes  are  seen  to  change  (in  consequence  of  the  alteration  of  the  visiw 
angle),  but  no  positive  change  is  seen  in  their  apparent  distances ;  the  effcc 
produced  being  very  much  like  that  of  the  enlargement  or  diminution  i 
the  images  on  the  screen  in  the  exhibition  of  the  Phantasmagoria,  sv; 
gestiny  the  idea  of  ajiproach  or  recession,  although  we  perceive  that  tbl  u 
distance  of  the  screen  from  our  eyes  has  undergone  no  alteration.    .  r 
converse  effect,  as  we  shall  presently  see  (§  890),  is  produced  by  altera  i 
tions  in  the  angle  of  convergence,  without  any  real  change  in  the  di?  ' 
tance  of  the  pictures.    This  power  of  estimating  distance,  however, 
obviously,  in  Man,  not  an  intuitive  but  an  acquired  endowment;  for 
is  evident  to  any  observer,  that  infants,  or  older  persons  who  have  bn 
recently  acquired  sight,  form  very  imperfect  ideas  respecting  the  di( 
tance  of  objects,  their  attempts  to  grasp  bodies  which  attract  their  atteif  < 
tion  being  for  a  long  time  unsuccessful ;  and  that  they  only  gradual! 
leani  to  measure  distances  by  the  sight,  through  the  medium  of  tl 
touch.    It  is  probable,  however,  that,  in  the  lower  Animals,  especial; 
such  as  have  early  to  rely  upon  their  own  exertions  for  the  supply 
their  natiu-al  wants,  the  perception  of  distance  is  more  intuitive  thau  it 
in  ourselves;  since  we  may  observe  them  veiy  early  performing  actmi 
which  require  an  exact  appreciation  of  it. — In  regard  to  distant ^  objoci 
our  judgment  is  chiefly  founded  upon  thek  apparent  size,  if  their  act u 
size  be  known  to  us;  but,  if  this  be  not  the  case,  and  if  we  ai-e  so  sitiuiti 
that  we  cannot  judge  of  the  intervening  space,  we  princij)ally  form  i" 
estimate  from  that  effect  of  different  degrees  of  remoteness  upon  tl 
distinctness  of  their  colour  and  outline,  which  is  known  to  artists 
'  aerial  perspective.'    Hence  this  estimate  is  liable  to  be  greatly  aftecti 
by  varying  states  of  the  atmosphere,  as  is  particulai'ly  known  to  every  ot 
who  has  visited  warmer  climates;  where  the  extreme  clearness  of  the  a| 
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metimes  brings  into  an  apparently  near  proximity,  a  hill  that  rises 
me  miles  beyond  a  neighbouring  ridge  (the  intervening  space  being 
Iden,  so  as  not  to  afford,  any  datum  for  the  estimate  of  the  distance  of 
0  remote  hill),  whilst  a  slight  haziness  carries  its  apparent  distance  to 
ree  or  four  times  the  reality. 

890.  Our  estimate  of  the  size  of  an  object  is  partly  dependent  upon  the 
<ual  angle  under  which  we  see  it,  and  p^irtly  upon  our  estimate  of  its 
<fance.  The  '  visual  angle,'  formed  by  imaginary  lines  drawn  from  the 
e  (Fig.  145,  a)  to  the  extreme  points,  b,  c,  of  the  object,  is  the  measm-e 

the  size  of  its  image  upon  the  retina;  and  it  is  obvious  that,  if  two 
ijects,  B  0,  D  E,  the  former  being  twice  the  length  of  the  latter,  be  placed 

the  same  distance,  the  visual  angle  bag  being  twice  as  great  as  the 
igle  D  A  E,  the  image  of  b  c  upon  the  retina  will  be  twice  as  long  as  that 


D  E,  and  the  mind  will  estimate  their  relative  sizes  accordingly.  But  if 
distance  of  the  object  d  e  from  the  eye  be  diminished  to  one  half, 

that  it  is  brought  into  the  position  fg,  its  visual  angle,  and  conse- 

■utly  the  size  of  its  image  on  the  retina,  will  now  be  equal  to  that  of 

;  and  the  estimate  we  form  of  the  relative  sizes  of  the  two  will  entirely 
'pend  upon  the  idea  we  entertain  of  their  relative  distances.  Hence  any 
rcumstance  which  modifies  that  idea,  produces  a  corresponding  difference 

our  estimate  of  their  size;  so  that  the  apparent  size  of  an  object,  seen 
ider  the  same  visual  angle,  may  be  estimated  as  larger  or  smaller  than 
le  reality,  according  as  we  suppose  it  to  be  more  or  less  distant  than  it 
•illy  is.    Of  this  we  have  a  familiar  instance  in  the  fact,  that  if  we  meet 

■luld  whilst  we  arc  walking  across  a  common  (the  flatness  of  the  ground 
't  giving  us  much  power  of  estimating  the  intervening  space)  in  a  fog,  it 
ipears  to  have  the  stature  of  a  man,  and  a  man  seems  like  a  giant;  for 
10  mdistinctncss  of  outline  causes  the  mind  to  conceive  of  the  figures  as 

a  greater  distance  than  they  really  are,  and  their  apparent  dimensions 
"  augmented  in  like  proportion.    For  if  the  object  fg  (Fig.  145)  be 
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mentally  carried  hack  to  the  distance  of  D  e,  being  still  seen  under  tl 
visual  angle  fag  (or  b  a  c),  it  will  appear  to  possess  the  length  b  o  inste;i 
of  D  B.    On  the  other  hand,  if  the  object  B  o  were  to  be  mentally  hrowji 
forwards  into  the  position  k  l,  its  apparent  size  being  still  determined  1) 
its  visual  angle,  it  will  seem  to  be  reduced  to  the  length  p  g.    This  has  bee 
demonstrated  by  a  very  ingenious  experiment  devised  by  Prof.  Whe;i 
stone.    For  if  two  similar  pictures  placed  in  his  mirror-stereoscope,  1  ; 
made  so  to  change  their  places  in  regard  to  the  mirrors  (by  moving  in  i 
horizontal  circle  of  which  the  middle  point  between  the  mirrors  is  tl 
centre),  that  the  angle  of  convergence  of  the  optic  axes  is  increased,  whil 
the  actual  distance  of  the  pictures  from  the  mirrors,  and  consequent 
their  visual  angles,  remain  the  same,  their  apparent  size  is  progi-essive 
and  most  remai'kably  tliminished;  the  mind  being  accustomed  to  intc 
pret  increase  of  the  angle  of  convergence  as  a  proof  of  diminution  of  di 
tance,  and  being  thus  impressed  by  the  change  as  if  the  pictxues  h;  ; 
really  advanced  to  k  l  ;  and  as  they  are  still  seen  under  the  angle  b  a 
(or  F  a  g),  instead  of  under  the  angle  k  a  l,  their  dimensions  are  reduc 
to  the  mind's  eye  from  B  c  to  p  G.    A  very  simple  and  beautiful  illustrati( 
of  the  sauie  principle  is  furnished  by  the  ordinary  stereoscope,  when  iw. 
paii's  of  figures  (such  as  those  given  in  Fig.  144)  are  employed,  the  effeM 
of  one  of  which  is  to  develope  a  projecting,  and  that  of  the  other  a  recedh 
surface.    For  it  will  be  observed  that  the  relative  size  of  the  parts  whit 
appear  to  project  is  reduced,  whilst  that  of  the  apparently-receding  par 
is  augmented ;  as  is  particularly  the  case  with  the  square  truncated  ei 
of  the  pyramid,  which  is  estimated  by  most  persons  as  from  one-third 
one-half  larger  in  each  of  its  dimensions  in  the  receding,  than  it  is  in  tl 
projecting  pyramid,  notwithstanding  that  the  actual  sjzes  of  the  squar 
in  the  two  sets  of  figures  are  precisely  the  same.    For  supposing  h  i 
represent  the  real  side  of  one  of  the  small  squares,  which  becomes  tl 
truncated  end  of  the  pjTamid ;  when  this  is  brought  forwai-d  by  the  mii 
into  the  position  K  L,  as  the  truncated  top  of  a  projecting  pyramid,  beii 
seen  under  the  visual  angle  h  a  i,  its  apparent  size  is  reduced  to  f  • 
whilst  on  the  other  hand,  the  very  same  square,  carried  back  by  the  mh 
to  the  distance  d  e,  as  when  it  forms  the  truncated  end  of  the  recedii 
pyramid,  is  mentally  enlarged  to  the  dimensions  b  c,  the  visual  angle  B  a 
being  the  same  as  hai. — It  is  obvious  from  what  has  been  stated 
regard  to  distance,  that  our  power  of  forming  a  true  estimate  of  the  rel 
tive  sizes  is  far  greater  with  regard  to  near  objects,  whose  relati 
distances  we  can  estimate  with  tolerable  accuracy,  than  it  is  with  respe 
to  more  remote  bodies  whose  relative  distances  we  have  no  means 
appreciating ;  thus,  the  sun  and  the  moon  are  of  nearly  the  same  appare 
size  to  us,  though  one  is  about  foui"  million  times  the  distance  of  the  othe 
and  we  may  cover  either  disc  with  a  sixpence  held  near  the  eye,  so  as 
be  seen  under  the  same  visual  angle,  without  the  least  power  of  estimatu 
the  relative  sizes  of  these  objects,  save  by  a  calculation  based  on  a  kno 
ledge  of  their  relative  distances,  because,  whilst  the  one  is  near,  the  oth 
is  virtually  almost  infinitely  remote. — The  want  of  innate  power  in  M; 
to  form  a  true  conception  of  either  size  or  distance,  is  well  shown  by  t 
effect  produced  on  the  mind  unprepared  for  such  delusions,  by  a  skilfull 
painted  picture;  the  view  of  which  is  so  contrived,  that  its  distance  fi'o 
the  eye  cannot  be  estimated  in  the  ordinary  manner;  for  the  objects 
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■presents  ai'e  invested  by  the  mind  with  their  real  sizes  and  i-espective 
[stances,  as  if  their  real  images  were  formed  upon  the  retina.* 

891.  From  all  these  considerations,  we  are  led  to  perceive  the  truth  of 
lO  quaint  observation  made  by  Dr.  Brown, — that  "vision  is,  in  fact,  the 
t  of  seeing  things  which  are  invisible;"  that  is,  of  acquiring  information, 
•  means  of  the  eye,  which  is  neither  contained  in  the  sensations  of  sight 
lemselves,  nor  logically  deducible  from  the  intimations  which  those  sen- 
I  tions  really  convey.  We  cannot  too  constantly  bear  in  mind,  in  treating 
■  this  subject,  that  we  do  not  take  cognizance  by  our  optic  nerves,  as  we  do 

the  nerves  of  touch,  of  material  bodies  themselves,  but  of  the  pictures 
images  formed  by  those  objects;  and  whatever  be  the  notions  suggested 
.  the  picture,  that  can  never  be  transformed  into  anything  else.  These 
tions  appear  to  be,  in  the  lower  Animals,  entirely  of  an  intuitional  or 
istiuctive  character;  in  Man  they  are  so  in  a  much  less  degree;  and 
though  it  is  impossible  to  come  to  a  precise  conclusion  on  the  subject, 
om  the  want  of  suflGicient  data,  it  is  indubitable  that  a  large  part  of  the 
uowledge  of  the  external  world,  which  he  derives  in  the  adult  condition 
om  the  use  of  his  eyes  alone,  is  really  dependent  upon  the  early  educa- 
oa  of  his  perceptive  powers,  in  which  process,  the  sensations  conveyed 
y  different  organs  are  brought  into  relation  with  one  another. 

892.  The  persistence,  during  a  certain  interval,  of  impressions  made 
pen  the  retina,  gives  rise  to  a  number  of  curious  visual  phenomena, 
he  prolongation  of  the  impression  will  be  governed,  in  part,  by  its  pre- 
')us  dui'ation.    Thus,  when  we  rapidly  move  an  ignited  point  through  a 
a  cle,  the  impression  itself  is  momentary,  and  remains  but  for  a  short 
me;  whilst,  if  we  have  been  for  some  time  looking  at  a  window,  and  then 
jse  our  eyes,  the  impression  of  the  dark  bars  traversing  the  illuminated 
)ace  is  preserved  for  several  seconds.    Such  phenomena  can  here  be  only 
'  iefly  adverted  to.    One  of  these  is  the  combination,  into  a  single  image, 
f  two  or  more  objects  presented  to  the  eye  in  successive  movements;  but 
lese  must  be  of  a  kind  which  can  be  united,  otherwise  a  confused  picture 
i  produced.    Thus  in  a  little  toy,  called  the  Thaumatrope,  which  was 
troduced  some  years  ago,  the  two  objects  were  painted  on  the  opposite 
les  of  a  card, — a  bird,  for  instance,  on  one,  and  a  cage  on  the  other; 

iid,  when  the  card  was  made  (by  twisting  a  pair  of  strings)  to  revolve 
"iut  one  of  its  diameters,  in  such  a  manner  as  to  be  alternately  present- 
ig  the  two  sides  to  the  eye  at  minute  intervals,  the  two  pictures  were 
loaded,  the  bird  being  seen  in  the  cage.    A  far  more  curious  illusion, 
'  'wever,  was  that  first  brought  into  notice  by  Prof  Faraday ;  who  showed 
at,  if  two  toothed  wheels,  placed  one  behind  the  other,  be  made  to 
volve  with  equal  velocity,  a  stationary  spectrum  will  be  seen;  whilst  if 
lie  be  made  to  revolve  more  rapidly  than  the  other,  or  the  number  of 
oth  be  different,  the  spectrum  also  will  revolve.    The  same  takes  place 
'len  a  single  wheel  is  made  to  revolve  before  a  mirror,  the  wheel  and  its 
'  lage  answering  the  purpose  of  the  two  wheels  in  the  former  case.  On 
I'is  principle,  a  number  of  very  ingenious  toys  have  been  constructed;  in 
™e  of  these,  the  same  figure  or  object  is  seen  in  a  variety  of  positions; 
id  the  successive  impressions,  passing  rapidly  before  the  eye,  give  rise  by 

This  delusion  has  been  extremely  complete,  in  some  of  those  who  have  seen  the  pano- 
se view  of  London  in  the  Coliseum.  A  lively  and  interesting  account  of  it  is  given  in  the 
'nial  of  the  Parsee  Shipbuilders,  who  visited  England  some  time  ago. 
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their  combination  to  the  idea,  that  the  object  is  itself  moving  throu'- 
these  positions.* — It  is  interesting  to  remark,  moreover,  that  when  tli 
eye  has  been  for  some  time  contemplating  an  object  in  motion,  and  is  the 
directed  towards  stationary  objects,  these  appear  for  a  short  time  to  hu\ 
a  like  movement.    Any  railroad  traveller  may  try  this  simple  experimei; 
by  first  looking  at  the  hedges,  &c,  which  he  is  rapidly  passing,  and  tin 
at  some  part  of  the  interior  of  the  carriage  itself,  especially  one  whii 
presents  a  series  of  parallel  lines.    But  when  the  impression  of  movemoi 
has  been  of  longer  duration,  its  effects  upon  the  retina  are  less  trausiein 
thus,  a  person  who  has  been  for  some  time  on  board  ship,  sees  the  floof 
walls,  and  ceilings  of  his  apartments  on  shore  in  a  state  of  coutiuu; 
uji-and-down  motion,  even  for  some  days  after  he  has  landed. 

893.  When  the  Retina  has  been  exposed  for  some  time  to  a  strong  in 
pression  of  some  particular  kind,  it  seems  less  susceptible  of  feebl 
impressions  of  the  same  kind.    Thus,  if  we  look  at  any  brightly  lumiuoi 
object,  and  then  turn  our  eyes  on  a  sheet  of  white  paper,  we  shall  percei\ 
a  dark  spot  upon  it ;  the  portion  of  the  retina,  which  had  been  aflfectL 
by  the  bright  image,  not  being  able  to  receive  an  impression  from  t 
fainter  rays  reflected  by  the  paper.    The  dark  spectrum  does  not  at  on 
disappear,  but  assumes  different  colours  in  succession, — these  being  e 
pi'essions  of  the  states  through  which  the  retina  passes,  in  its  transition 
the  natural  condition.    If  the  eye  has  received  a  strong  impression  fi'o 
a  coloured  object,  the  spectrum  exhibits  the  compleinentar y  colom- -jf  tk 
if  the  eye  be  fixed  for  any  length  of  time  upon  a  bright  red  spot  on 
white  gi'ound,  and  be  then  suddenly  turned  so  as  to  rest  upon  the  whi 
surface,  we  see  a  spectrum  of  a  green  colour. — The  same  explanati 
applies  to  the  curious  phenomenon  of  coloured  shadows.    It  may  not 
frequently  be  observed  at  sunset,  that,  when  the  light  of  the  sun  acq' 
a  bright  orange  colour  from  the  clouds  through  which  it  passes,  the  s 
dows  cast  by  it  have  a  blue  tint.    Again,  in  a  room  with  red  curtains,  t 
light  which  passes  through  these  produces  gxeen  shadows.    In  both  ' 
stances,  a  strong  impression  of  one  colour  is  made  on  the  general  surfi 
of  the  retina  ;  and  at  any  particular  spots,  therefore,  at  which  the  lig 
is  colourless  but  very  faint,  that  colour  is  not  perceived,  its  compleme 
only  being  visible.    The  correctness  of  this  explanation  is  proved  by 
fact,  that,  if  the  shadow  be  viewed  through  a  tube,  in  such  a  manner  th 
the  coloured  ground  is  excluded,  it  seems  like  an  ordinary  shadow.  It 
not  unlikely  that,  as  Miiller  suggests,  the  predominant  action  of  o 

•  A  very  beautiful  "  philosophical  toy  "  was  shown  to  the  Author  some  years  since,  by 
inventor,  Mr.  Roberts,  the  celebrated  machinist  of  Manchester ;  consisting  in  an  apparatus 
which  it  was  made  possible  to  read  words  printed  on  a  card,  although  the  card  itself  was  ra 
to  revolve  on  its  axis  even  30,000  times  in  a  minute.  The  principle  of  its  construction  \ 
simply  this,— that  the  eye  caught  a  succession  of  glimpses  of  the  card,  through  a  narrow 
before  which  a  disk  with  a  single  corresponding  perforation  was  made  to  revolve ;  the  rate 
movement  of  this  disk  being  so  adjusted  to  that  of  the  card,  that  whenever  the  eye  can 
sight  of  the  latter,  it  was  momentarily  in  the  same  position,  so  that,  by  the  succession 
transient  impressions  thus  made  upon  the  retina,  the  words  printed  on  the  card  couia 
distinctly  read.  .  v  w' 

+  By  the  '  complementary '  colour  is  meant  that  which  would  be  required  to  make  _w 
or  colourless  light,  when  mixed  witli  the  original.    As  red,  blue,  and  yellow  are  the  pnm 
or  elementary  colours,  red  is  the  comnlement  of  green  (which  is  composed  of  J'^''*"^ 
blue);  blue  is  the  complement  of  orange  (red  and  yellow);  and  yellow  of  purple  (rett 
blue);  and  vice  versd  in  all  instances. 
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)lour  on  the  retina  disturbs  (as  it  were)  the  equilibrium  of  its  condition, 
[d  excites  in  it  a  tendency  to  the  development  of  a  state  corresponding 

that  which  is  produced  by  the  impression  of  the  complementary  colour; 
f  the  latter  is  perceived,  according  to  him,  even  where  it  does  not  exist, 

when  the  eye,  after  receiving  a  strong  impression  from  a  coloured  spot, 

d  dii-ected  upon  a  completely  dark  surface  or  into  a  dark  cavity,  still 
rceives  the  spectrum.  This  change,  indeed,  extends  beyond  the  spot 
1  which  the  impression  is  made  ;  for,  as  is  well  known  to  Artists,  the 
usory  impression  produced  by  any  colour  is  greatly  affected  by  neigh- 

luiug  hues.  Thus,  if  four  strips  of  coloured  paper,  or  any  other  fabric, 
.  B,  c,  D, — two  of  them,  a,  b,  of  one  colour  {e.g.  red),  and  the  other  two, 
,  D,  of  some  different  colour  {e.g.  blue), — be  laid  side  by  side  at  inter- 
als  of  about  half  an  inch,  the  hues  of  the  two  central  strips  b,  o,  will  be 
ecidedly  modified  by  each  other's  proximity,  each  approximating  to  the 
ue  of  the  complementary  colour  of  the  other  ;  so  that  instead  of 

A  B  C  D 

red  red  blue  blue. 

we  shall  see 
A  B  CD 

red  orange  red       greenish  blue  blue. 

-Upon  these  properties  of  the  eye  are  founded  the  laws  of  harmonious 
olouring,  which  have  an  obvious  analogy  with  those  of  musical  harmony. 
lU  complementary  colours  have  an  agreeable  effect,  when  judiciously 

sposed  in  combination ;  and  all  bright  colours,  which  are  not  comple- 
lentary,  have  a  disagreeable  effect,  if  they  are  predominant :  this  is  espe- 
ially  the  case  in  regard  to  the  simple  colours,  strong  combinations  of  any 
vvo  of  which,  without  any  colour  that  is  complementary  to  either  of  them, 
"6  extremely  offensive.  Painters  who  ai'e  igmsrant  of  these  laws,  intro- 
uce  a  large  quantity  of  dull  grey  into  their  pictures,  in  order  to  diminish 
he  glaring  effects  which  they  would  otherwise  produce  ;  but  this  bene- 
it  is  obtained  by  a  sacrifice  of  the  vividness  and  force,  which  may  be 
ocured  in  combination  with  the  richest  harmony,  by  a  proper  attention 

>  physiological  principles. 

894.  Some  persons,  who  can  perfectly  distinguish /orms,  are  deficient, 
hrough  some  original  peculiarity  in  the  constitution  of  the  retina,  in  the 
lower  of  discriminating  colour's.  This  is  most  commonly  seen  in  regard 
"  the  complementary  colours,  especially  red  and  green;  such  persons  not 
'I'ing  able  to  perceive  cherries  amidst  the  leaves  on  a  tree,  except  by  the 
litference  of  their  form.  Several  distinct  varieties  of  this  affection  may 
'C  distinguished,  however ;  these  have  been  classified  by  Seebeck  and 
■V'artmann.* 

895.  Amongst  other  curious  phenomena  of  Vision,  is  the  vanishing  of 
mages  which  fall  at  the  entrance  of  the  optic  nerve ;  as  is  shown  in  the 
''Hewing  experiment.  Let  two  black  spots  be  made  upon  a  piece  of 
''i.per,  about  four  or  five  inches  apart ;  then  let  the  left  eye  be  closed,  and 
I'e  right  eye  be  strongly  fixed  upon  the  left-hand  spot.  If  the  paper  be 
lion  moved  backwards  and  forwards,  so  as  to  change  its  distance  from  the 

•  Miiller's  "  Elements  of  Physiology,"  (Baly's  Translation),  p,  1213;  and  Taylor's 
Scientific  Memoirs,'"'  vol.  iv.  p.  156,  et  seq. 
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eye,  a  point  will  be  found  at  which  the  right-hand  spot  is  no  longer  visi 
ble ;  though  it  is  clearly  seen  when  the  paper  is  brought  nearer  or  re- 
moved further.  In  this  position  of  the  eye  and  object,  the  rays  from  the 
right-hand  spot  cross  to  the  nasal  side  of  the  globe,  and  fall  upon  the 
point  of  the  retina  which  has  just  been  mentioned.  The  phenomenon  is 
not  confined  to  that  spot,  however  3  nor  is  it  correct  to  say,  as  is  some- 
times done,  that  the  retina  is  not  sensible  to  light  at  that  point ;  since, 
if  such  were  the  case,  we  should  see  a  dark  spot  in  our  field  of  view  when- 
ever we  use  only  one  eye.  The  fact  is,  that  a  similar  phenomenon  may 
occur  under  somewhat  different  conditions,  in  any  division  of  the  retiuu, 
especially  in  its  lateral  parts.  Thus,  if  we  fix  the  eye  for  some  time,  until 
it  is  fatigued,  upon  a  strip  of  coloured  paper  lying  upon  a  white  surface, 
the  image  of  the  coloured  object  will  in  a  short  time  disappeai-,  and  the 
white  surface  will  be  seen  in  its  place  ;  the  disappearance  of  the  image, 
however,  is  only  of  a  few  seconds'  duration.  The  truth  seems  to  be,  that 
there  is  a  tendency  in  the  retina,  to  the  propagation,  over  neighbouring! 
paiiis,  of  impressions  which  occupy  a  large  proportion  of  its  sm-face  ;  audi 
that  this  tendency  is  the  strongest,  around  the  point  at  which  the  optici 
nerve  enters,  so  that  the  state  of  this  part  will  generally  become  similar* 
to  that  of  the  surrounding  portion  of  the  retina.  Hence,  when  we  arc 
using  one  eye  only,  we  do  not  perceive  any  dark  spot  in  the  field,  but 
only  a  certain  degi'ee  of  indistinctness  in  a  portion  of  the  image. 

896.  Under  particular  circumstances,  we  may  receive  a  visual  repre-' 
sentation  of  the  retina  itself ;  as  is  shown  by  the  experiment  of  Purkinje.; 
"  If  in  a  room  otherwise  dark,  a  lighted  candle  be  moved  to  and  fro,  or  in 
a  circle,  at  a  distance  of  six  inches  before  the  eyes,  we  perceive,  after  a, 
short  time,  a  darlc  arborescent  figure  ramifying  over  the  whole  field  0 
vision ;  this  appearance  is  produced  by  the  vasa  centralia  distributed  ove 
the  retina,  or  by  the  parts  of  the  retina  covered  by  those  vessels.  Ther 
are,  properly  speaking,  two  arborescent  figures,  the  trunks  of  which  ar 
not  coincident,  but  on  the  contrary  arise  in  the  right  and  left  divisions  Q 
the  field,  and  immediately  take  opposite  directions.     One  tinink  belong 
to  each  eye,  but  their  branches  intersect  each  other  in  the  common  fiel 
of  vision.    The  explanation  of  this  phenomenon  is  as  follows : — By  th 
movement  of  the  candle  to  and  fro,  the  light  is  made  to  act  on  the  whol 
extent  of  the  retina,  and  all  the  parts  of  the  membrane  which  are  no 
immediately  covered  by  the  vasa  centralia  are  feebly  illuminated;  the 
parts,  on  the  contrary,  which  are  covered  with  those  vessels  cannot  b 
acted  on  by  the  light,  and  are  perceived,  therefore,  as  dark  arborescen 
figures.    These  figures  appear  to  lie  before  the  eye,  and  to  be  suspende 
in  the  field  of  vision."*    We  have  thus  another  demonstration  of  the  fac 
that,  in  ordinary  vision,  the  immediate  object  of  our  sensation  is  a  cert 
condition  of  the  retina,  which  is  excited  by  the  formation  of  a  luminou 
image. 

6. — Sense  of  Hearing. 

897.  In  the  Ear,  as  in  the  Eye,  the  impressions  made  upon  the  sensor 
nei-ve  are  not  at  once  produced  by  the  body  which  originates  the  sensation 
but  they  are  propagated  to  it,  through  a  medium  capable  of  transmittui 

*  Miiller'a  "  Elements  of  Physiology"  (Baly's  Translation),  p.  1163. 
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them.  Here  too,  therefore,  we  take  cogniBance  by  the  mind,  not  of  the 
sonorous  object,  but  of  the  condition  of  the  auditory  nerve ;  and  all  the 
ideas  we  form  of  sounds,  as  to  their  nature,  intensity,  direction,  &c.,  must 
be  based  upon  the  changes  which  they  produce  in  it.  Tlie  complex  con- 
triyances  which  we  meet  with  in  the  organ  of  Hearing  among  higher 
animals,  are  evidently  intended  to  give  them  greater  power  of  discrimi- 
nating sounds,  than  is  possessed  by  the  lower  tribes;  in  which  last  it  is 
reduced  to  a  form  so  simple,  that  it  may  be  questioned  whether  they  can 
be  said  to  possess  an  organ  of  hearing,  if  by  this  term  we  imply  anything 
more  than  the  mere  consciousness  of  sonorous  vibrations. — There  is  a 
considerable  ditference,  however,  between  the  Eye  and  the  Ear,  in  regard 
to  the  special  purposes  for  which  they  are  respectively  adapted.  In  the 
former  we  have  seen,  that  the  whole  object  of  the  instrument  is  to  direct 
the  rays  of  light  received  by  it,  in  such  a  manner,  as  to  occasion  them  to 
fall  upon  the  expansion  of  the  optic  nerve  in  similar  relative  positions,  and 
with  corresponding  proportional  intensities,  to  those  which  they  possessed 
when  issuing  from  the  object.  We  have  no  reason  to  believe  anything  of 
this  kind  to  be  the  purpose  of  the  Ear;  indeed  it  would  be  inconsistent 
with  the  laws  of  the  propagation  of  sound.  Sonorous  vibrations  having 
the  most  various  directions,  and  the  most  unequal  rates  of  succession,  are 
transmitted  by  all  media  without  modification,  however  numerous  their 
lines  of  intersection ;  and  wherever  these  undulations  fall  upon  the  audi- 
tory nerve,  they  must  cause  the  sensation  of  corresponding  sounds.  Still 
it  is  probable  that  some  portions  of  the  complex  organ  of  hearing,  in  Man 
and  in  the  higher  animals,  are  more  adapted  than  others  to  receive  im- 
pressions of  a  particular  character;  and  that  thus  we  may  be  especially 
informed  of  the  direction  of  a  sound  by  one  part  of  the  organ,  of  its  musical 
tone  by  another,  and  of  some  other  of  its  qualities  by  a  third. 

898.  The  essential  part  of  an  Organ  of  Hearing  is  obviously  a  nerve, 
endowed  with  the  pecidiar  property  of  receiving  sonorous  undulations, 
and  of  transmitting  their  effects  to  the  Sensorium.  This  nerve  is  spread 
out  over  the  sm-face  of  a  delicate  membrane  which  lines  the  Vestibule  and 
its  prolongations;  and  this  membrane  encloses  a  fluid,  which  is  the 
medium  whereby  the  sonorous  vibrations  received  through  the  external 
ear  are  communicated  to  the  nerve.  We  learn  from  an  examination  of 
the  comparative  structm-e  of  the  auditory  apparatus  in  the  lower  animals, 
and  from  the  study  of  its  development  in  the  higher,  that  the  part  which, 
being  most  constantly  present  and  being  also  the  earliest  in  its  develop- 
ment, may  be  considered  as  the  most  essential,  is  the  simple  Vestihulai- 
cavity;  which  exists  where  there  are  no  vestiges  either  of  Semicircular 
Canals,  of  Cochlea,  or  of  Tympanic  apparatus.  Such  a  condition  presents 
itself  in  some  of  the  higher  Invertebrata  and  in  the  lowest  Fishes;  but  as 
we  ascend  the  Vertebrated  series,  we  find  the  semicircular  canals  growing 
out  (as  it  were)  of  the  Vestibule  in  Fishes,  a  tympanic  apparatus  superadded 
iQ  Reptiles,  and  a  Cochlea  first  acquiring  a  more  than  rudimentary 
development  in  the  class  of  Birds,  although  only  presenting  in  Mammalia 
that  characteristic  form  from  which  it  derives  its  name.*  Of  the  mode 
in  which  the  ultimate  subdivisions  of  the  Auditory  nerve  are  distributed 

'  For  a  more  detailed  sketch  of  the  Comparative  Anatomy  of  the  Organ  of  Hearing  see 
the  Author's  "  Princ.  of  Physiol,  Gen.  and  Comp.,"  822-825. 
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upon  the  lining  membrane  of  the  labyrinth,  it  does  not  yet  seem  possible 
to  give  a  certain  account;  for  although  Wagner  and  others  have  repre- 
sented them  as  terminating  in  fi-ee  loops,  yet  more  careful  observation  lias 
rendered  this  doubtful;  and  tlie  general  analogy  between  the  simpler 
forms  of  the  auditory  and  of  the  visual  apparatus,  as  well  as  the  close  cor- 
respondence which  exists  between  them  in  the  history  of  their  develop- 
ment (the  organ  of  hearing,  like  the  eye,  being  budded-oflf  from  its  sensory 
ganglion),  seem  to  indicate  that  the  peripheral  expansion  of  the  auditory 
nerve  might  be  expected  to  have  a  structure  analogous  to  that  of  the 
retina.  The  most  exact  observations  yet  made  on  this  point,  seem  to  be 
those  of  the  Marquis  Coi-ti  on  the  Cochlear  nerve.*  This  nerve  passes 
out  from  the  modiolus  into  a  series  of  anastomosing  canals  excavated  in 
the  osseous  lamina  spiralis;  and  it  there  comes  into  relation  with  a 
band  of  vesicular  substance,  which  lies  near  the  edge  of  the  lamina  along 
its  whole  lengih.  The  component  vesicles  are  elongated,  having  a  cen- 
tral and  a  peripheral  extremity;  by  the  former  they  are  connected  with 
the  jBbres  of  the  cochlear  nerve,  the  connecting  filaments  being  destitute 
(as  elsewhere)  of  the  double  contour,  and  being  very  fragile  ;  and  by  the 
latter  tliey  are  similarly  connected  with  the  fibres  which  issue-forth 
from  the  osseous  lamina,  to  be  distributed  upon  its  membranous  continu- 
ation. These  fibres  form  fasciculi,  which  traverse  the  membranous  lamma 
nearly  parallel  to  each  other,  and  anastomose  continually  Avith  one  an- 
other, in  such  a  manner  as  to  present  the  appearance  of  looped  termina- 
tions. According  to  Coi-ti,  however,  the  fibres  really  pass-on  fm-ther, 
losing  their  double  contour,  and  becoming  gradually  incorporated,  as  it 
were,  with  the  sm-rounding  tissue,  t 

899.  In  order  to  gain  any  definite  idea  of  the  uses  of  different  pai'ts  of 
the  Ear,  it  is  necessaiy  to  bear  in  mind,  that  sounds  may  be  propagated 
amongst  solid  or  fluid  bodies  in  three  ways ;  by  recijyrocation,  by  reso- 
nance, and  by  conduction.  —  1.  Vibrations  of  recip7vcation  are  excited  in  a 
sounding  body,  when  it  is  capable  of  yielding  a  musical  tone  of  definite 
pitch,  and  another  body  of  the  same  pitch  is  made  to  sound  near  it 
Thus  if  two  strings  of  the  same  length  and  tension  be  placed  alongside  of 
each  other,  and  one  of  them  be  sounded  with  a  violin-bow,  the  other  will 
be  thrown  into  reciprocal  vibration ;  or  if  the  same  tone  be  produced 
near  the  string  in  any  other  manner,  as  by  a  flute  or  a  tuning-fork,  the 
same  efiect  will  result.  —  2.  Vibrations  of  resonance  are  of  somewhat  the 
same  character ;  but  they  occur  when  a  sounding  body  is  placed  in  con- 
nection witli  any  other,  of  which  one  or  more  parts  may  be  thrown  into 
reciprocal  vibration,  even  thoiigh  the  tone  of  the  whole  he  diflferent,  or  it 
be  not  capable  of  producing  a  definite  tone  at  all.  This  is  the  case,  for 
example,  when  a  tuning-fork  in  vibration  is  j)laced  upon  a  sound-boanl  ; 
for  even  though  the  whole  board  have  no  definite  fundamental  note,:|:  ii 

*  See  Kcilliker  and  Siebold's  "  Zeitschrift  fiir  wissenschaftliche  Zoologie,"  1851,  band  iii. 
heft  1. 

t  Such,  also,  is  the  account  of  their  termination  given  by  Messrs.  Todd  and  Bownin  i. 
"  Physiological  Anatomy,"  vol.  ii.  p.  81.  ^ 

t  Tiie  Jmidamentul  note  of  a  body  is  the  lowest  tone  which  it  will  yield,  when  the  wli  ■  ■ 
of  it  is  in  vibration  together.    By  dividing  the  body  into  two  or  more  distinct  parts,  it  m  i} 
be  made  to  give  a  great  variety  of  sounds.    Thus,  if  a  stretched  string  be  divided  by  a  briili;^' 
into  two  equal  parts,  cacli  will  sound  the  octave  of  the  fundamental  note,  or  the  8th  note  ( 
above  it.    If  it  be  divided  into  three  parts,  each  will  give  the  12th  above  the  fundanicnt:il 
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\vill  divide  itself  into  a  number  of  parts,  which  will  reciprocate  the  origi- 
nal sound,  so  as  greatly  to  increase  its  intensity ;  and  the  same  sound- 
board will  act  equally  well  for  tuning-forks  of  several  diflferent  degrees  of 
pitcli.  When  a  smaller  body  is  used  for  resonance,  however,  it  is  essen- 
tial that  there  should  be  a  relation  between  its  fundamental  note  and 
chat  of  the  sonorous  body;  otherwise  no  distinct  resonance  is  produced. 
Thus,  if  a  timing-fork  in  vibration  be  held  over  a  column  of  air  in  a  tube, 
of  such  a  length  that  the  same  note  would  be  given  by  its  vibration,  its 
sound  will  be  reciprocated.  And  if  it  be  held  over  a  pipe,  the  column  of 
;iir  in  which  is  a  multiple  of  this,  the  column  will  divide  itself  into  that 
number  of  shorter  pai'ts,  each  of  which  will  reciprocate  the  original  sound, 
and  the  total  action  will  be  one  of  resonance.  But  if  the  length  of  the 
pipe  bear  no  such  correspondence  with  the  note  sounded  by  the  tuning- 
fork,  no  resonance  is  given  by  the  column  of  air  it  contains.  —  3.  Vibra- 
tions of  conduction  are  the  only  ones,  by  which  sounds  can  strictly  be 
said  to  be  propagated.  These  are  distinguishable  into  various  kinds,  into 
which  it  is  not  requisite  here  to  inquire.  It  should  be  remarked,  how- 
ever, that  all  media,  fluid,  liquid,  or  solid,  are  capable  of  transmitting 
soimd  in  this  manner;  a  vacuum  being  the  only  space  through  which  it 
cannot  pass.  The  transmission  is  usually  much  more  rapid  through  solid 
bocUes,  than  through  liquid ;  and  through  liquid,  than  through  gaseous. 
The  gi-eatest  diminution  in  the  intensity  of  sound  is  usually  perceived, 
"vhen  a  change  takes  place  in  the  medium  through  which  it  is  propa- 
,^ated,  especially  from  the  aeriform  to  the  liquid. 

900.  The  detailed  application  of  these  principles  has  been  most  elabo- 
rately worked  out  by  MUller ;  and  the  following  statement  of  what  may 
be  regai'ded  as  the  present  condition  of  our  knowledge  of  the  subject,  is 
little  more  than  an  abstract  of  his  results.  Considering  it  desirable,  in 
the  first  place,  to  establish  the  conditions  under  which  those  animals  hear, 
that  are  constantly  immersed  in  water,  he  made  a  series  of  experiments, 
from  which  he  draws  the  following  conclusions  : — i.  Sonorous  vibrations, 
excited  in  water,  are  imjDarted  with  considerable  intensity  to  solid  bodies. 
— II.  Sonorous  vibrations  of  solid  bodies  are  communicated  with  greater 
intensity  to  other  solid  bodies  brought  in  contact  with  them,  than  to 
water;  but  with  much  greater  intensity  to  water,  than  to  atmospheric  air. 
— HI.  Sonorous  vibrations  are  communicated  from  air  to  water  with  great 
difficulty,  this  difficulty  very  much  exceeding  that  with  which  they  are  pro- 
pagated from  one  part  of  the  air  to  another ;  but  their  transition  from  air 
to  water  is  much  facilitated,  by  the  intervention  of  a  membrane  extended 
between  them.  —  iv.  Sonorous  vibrations  are  not  only  imparted  from 
water  to  solid  bodies  with  definite  siu-faces  which  are  in  contact  with  the 
water,  but  are  also  returned  with  increased  intensity  by  these  bodies  to 
the  water;  so  that  the  sound  is  heard  loudly  in  the  vicinity  of  those 
bodies,  in  situations  where,  if  it  had  its  origin  in  the  conducting  power  of 
the  water  alone,  it  would  be  faint. — v.  Sonorous  undulations,  propagated 

note  ;  if  into  four,  tbe  15th  or  double  octave  will  be  heard  ;  if  into  five,  the  17th  ;  if  into  six, 
the  19th;  if  into  seven,  the  20^th  (flat  seventh  above  the  second  octave) ;  if  into  eight,  the 
22nd  or  triple  octave.  A  string  forcibly  set  in  vibration  has  a  tendency  to  sound  these 
harmonics  with  the  fundamental  note,  by  spontaneous  division  into  several  distinct  segments 
"'vibration  ;  as  may  be  easily  made  evident,  by  striking  one  of  tlie  lower  keys  of  the  piauo, 
d  listening  to  the  sounds  iieard  whilst  the  fundamental  note  is  dying  away. 
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througli  water,  are  partially  reflected  by  the  surfaces  of  solid  bodie8. — 
VI.  Thiu  membranes  conduct  sound  in  water  without  any  loss  of  its 
intensity,  whether  they  be  tense  or  lax. — From  iii.,  iv.,  and  vi.,  we  learn 
the  mode  in  which  the  sound  is  conducted  to  the  ear,  in  aquatic  animals 
not  breathing  atmospheric  air.  The  labyrinth  of  such  is  either  entirely 
inclosed  within  the  bones  of  the  head,  as  in  the  Cephalopoda,  and  in  the 
Cyclostome  and  Osseous  Fishes ;  or,  its  cavity  being  prolonged  to  the  sur- 
face of  the  body,  it  is  there  brought  into  communication  Avith  the  con- 
ducting medium  by  means  of  a  membrane,  besides  receiving  the  vibm- 
tions  through  the  medium  of  the  solids  of  the  body,  as  is  the  case  in 
Cai'tilaginous  Fishes  and  Crustacea.  It  would  seem  as  if,  in  the  Osseous 
Fishes,  the  resonance  of  the  cranial  bones,  in  which  the  labyrinth  is  im- 
bedded, were  sufficient  to  give  the  requisite  increase  of  intensity  to  the 
sound;  whilst  in  the  Cartilaginous  orders,  the  softness  of  these  bones 
renders  some  other  means  necessaiy.  In  addition  to  this,  we  find  in 
many  Fishes  a  communication  with  the  air-bladder;  which  indeed  seems 
to  have,  in  these,  but  little  other  use.  The  mode  in  which  this  increases 
by  resonance  the  intensity  of  the  sounds,  will  appear*  from  the  following 
experimental  conclusions. — vii.  When  sonorous  vibrations  are  communi- 
cated from  water,  to  air  inclosed  in  membranes  or  solid  bodies,  a  consi- 
derable increfise  in  the  intensity  of  the  sound  is  produced,  by  the  reso- 
nance of  the  air  thus  circumscribed. — viii.  A  body  of  air  inclosed  in  a 
membi'aue,  and  surrounded  by  water,  also  increases  the  intensity  of  the 
sound  by  resonance,  when  the  sonorous  undulations  aa-e  communicated  to 
it  by  a  solid  body. — From  these  observations  it  may  be  concluded,  that 
the  air-bladder  of  Fishes,  in  addition  to  other  uses,  serves  the  purpose  of 
increasing  by  resonance  the  intensity  of  the  sonorous  undulations,  com- 
municated from  the  water  to  the  body  of  the  Fish.  Moreover,  as  the 
condticting  and  resonant  power  of  the  air  in  the  air-bladder  is  greater  in 
proportion  to  its  density,  the  influence  of  this  organ  on  the  perception  of 
sounds  will,  of  course,  be  gi'eater  in  deep  waters,  where  the  pressure  upon 
it  is  considerably  increased. 

901.  Most  animals- living  in  air,  are  provided  with  an  oj)ening  into  the 
Vestibule,  covered  by  a  thin  membrane;  and,  in  the  majority  of  cases, 
with  a  Tympanic  apparatus  also.  The  following  experimental  results 
bear  upon  the  manner,  in  which  the  Ear  of  such  animals  is  affected  by 
sound. — IX.  Sonorous  undulations,  in  passing  from  air  directly  into  water, 
suffer  a  considerable  diminution  in  their  strength ;  while,  on  the  contrary, 
if  a  tense  membrane  exist  between  the  air  and  the  water,  the  sonoroxis 
undulations  are  communicated  from  the  former  to  the  latter  medium  with 
great  intensity. — x.  The  sonoi'ous  vibrations  are  also  communicated,  Avith- 
out  any  perceptible  loss  of  intensity,  from  the  air  to  the  water ;  when,  to 
the  membrane  forming  the  medium  of  communication,  there  is  attached  a 
short  solid  body,  which  occupies  the  greater  part  of  its  surface,  and  is  alon 
in  contact  with  the  water. — xi.  A  small  sohd  body,  fixed  in  an  opening  b; 
means  of  a  border  of  membrane,  so  as  to  be  movable,  commimicate 
sonorous  vibrations,  from  air  on  one  side,  to  water  or  the  fluid  of  th 
labyrinth  on  the  other,  much  better  than  solid  media  not  so  constructed. 
But  the  propagation  of  sound  to  the  fluid  is  rendered  much  more  perfect 
if  the  solid  conductor,  thus  occupying  the  opening,  is  by  its  other  end  fixe 
to  the  middle  of  the  tense  membrane,  which  has  atmospheric  air  on  both 
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sides. — The  fact  stated  in  ix.  is  evidently  one  of  great  importance  in  the 
physiology  of  hearing;  and  fully  explains  the  nature  of  the  process  in 
tliose  animals,  which  receive  the  sonorous  vibrations  through  air,  but  which 
have  no  tympanic  apparatus.  In  x.  we  have  the  elucidation  of  the  action 
of  the  fenestra  ovalis,  and  of  the  movable  plate  of  the  stapes  which 
occupies  it,  in  animals  living  in  air  but  destitute  of  tympanic  apparatus ; 
this  is  naturally  the  case  in  many  Amphibia ;  and  it  may  happen  as  the 
result  of  disease  in  the  Human  subject.  In  xi.  we  have  a  very  interesting 
demonstration  of  the  purpose  and  action  of  the  tympanum,  in  the  more 
perfect  forms  of  the  auditory  apparatus. — We  ai'e  now  prepared  to  inquire, 
iu  somewhat  more  of  detail,  into  the  actions  of  the  different  parts  of  this 
appai-atusj  and  it  will  be  better  to  commence  with  those  of  the  Middle 
and  Internal  Ear,  the  accessory  organs  being  afterwards  considered. 

902.  The  Memhrana  Tympani  consists  of  three  layers;  an  external  one 
continuous  with  the  cutis  of  the  external  meatus,  and  consisting  of  dermoid 
tissue  with  a  covering  of  epidermic  cells;  an  internal  one,  which  is  ex- 
tremely thin,  continuous  in  like  manner  with  the  mucous  membrane 
lining  the  tympanic  cavity,  and  also  composed  of  dermoid  tissue  and  epi- 
thelium ;  and  a  middle  layer,  which,  according  to  the  recent  researches  of 
Mr.  Toynbee,*  may  be  separated  into  two  distinct  laminse,  whose  fibres 
run  in  contrary  directions,  those  of  the  external  layer  (which  is  the 
stronger  of  the  two)  radiating  from  the  malleus  towards  the  peripheral 
ring  to  which  they  are  attached,  whilst  those  of  the  internal  are  anmdar. 
The  fibres  of  which  these  laminae  ai'e  composed,  do  not  appear  to  be  mus- 
cular; nor  do  they  present  the  longitudinal  parallel  wavy  lines  character- 
istic of  ordinary  fibrous  membranes;  and  they  are  rendered  opaque  by 
acetic  acid.  Hence,  although  those  laminse  appear  to  be  derived,  the 
external  from  the  periosteum  of  the  meatus,  and  the  internal  from  that  of 
the  tympanic  cavity,  they  differ  from  it  in  elementary  structure,  and  seem 
to  have  more  in  common  with  the  elastic  tissue.  Mr.  Toynbee  points  out 
the  existence  of  a  tubular  ligament,  enclosing  the  tendon  of  the  tensor 
tympani  muscle ;  and  considers  that  the  membrane  is  maintained  by  this 
ligament  in  a  state  of  moderate  tension,  the  assistance  of  the  muscle  being 
only  required  to  augment  this. — The  function  of  the  Memhrana  Tymimni 
seems  obviously  to  be  the  reception  of  sonorous  undulations  from  the  air, 
ni  such  a  manner  that  it  may  be  thrown  by  them  into  a  reciprocal  vibra- 
tion, which  is  communicated  to  the  chain  of  bones.  This  membrane,  in 
Its  usual  state,  is  scarcely  on  the  stretch ;  and  this  is  found  by  experiment 
to  be,  for  a  small  membrane,  the  best  condition  for  the  propagation  of 
ordinary  undulations.  This  is  easily  rendered  sensible  in  one's  own  person ; 
for  an  increased  tension  may  be  given  to  the  membrana  tympani,  either 
by  holding  the  breath  and  forcing  air  into  the  Eustachian  tube,  so  as  to 
distend  it  from  within,  or  by  exhausting  the  cavity,  so  as  to  cause  the 
external  air  to  make  increased  pressure  upon  it ;  arid  in  either  case,  the  hear- 
ing is  found  immediately  to  become  indistinct.  It  is  observed,  however, 
that  gi-ave  and  acute  sounds  are  not  equally  affected  by  this  action ;  for 
the  experimenter  renders  himself  deaf  to  grave  sounds,  whilst  acute 
sounds  are  heard  even  more  distinctly  than  before.  This  fact  is  easily 
uudei-stood  by  referring  to  the  laws  of  Acoustics  already  mentioned.  The 


*  "  Philosophical  Transactions,"  1851. 
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greater  the  tension  to  which  the  membrana  tympani  is  subjected,  the  more 
acute  will  be  its  fundamental  tone :  and  as  no  proper  reciprocation  can 
take  place  in  it,  to  any  sound  lower  than  its  fundamental  tone,  its  power 
of  repeating  perfectly  the  vibrations  proper  to  the  deeper  notes  will 
diminish.  The  nearer  a  sound  approaches  to  the  fundamental  note  proper 
to  the  tense  membrane,  the  more  distinctly  will  it  be  heard.    On  the  |i 
other  hand,  when  the  membrane  is  in  its  natural  relaxed  condition,  its  fun- 
damental note  is  very  low,  and  it  is  capable  of  repeating  a  much  greater 
variety  of  sounds ;  for,  when  it  receives  imdulations  of  a  higher  tone  than 
those  to  which  the  whole  membrane  would  reciprocate,  it  divides  itself 
into  distinct  segments  of  vibration,  which  are  separated  by  lines  of  rest; 
and  every  one  of  these  reciprocates  the  sound,*  at  the  same  time  render-  i 
ing  it  more  intense  by  multiplication.    These  facts  enable  us  to  under-  t 
stand  the  influence  of  the  tensor  tympani  muscle,  in  modifying  the  tension  t 
of  the  membrane,  and  thus  causing  it  to  vibrate  in  reciprocation  to  sounds  b 
having  a  great  variety  of  fundamental  notes.    Moreovei',  the  fact  that  e 
some  persons  are  deaf  to  gi-ave  sounds,  whilst  they  readily  hear  the  more  % 
acute,  is  thus  accounted  for.    The  tensor  tympani,  like  the  iris,  is  proba-  j; 
bly  excited  to  ojieration  by  a  reflex  action ;  and  it  is  by  no  means  impro-  >• 
bable  that  one  of  its  functions  may  be,  to  prevent  the  internal  ear  from  i' 
being  too  violently  affected  by  loud  sounds,  by  putting  the  membrana  u 
tympani  into  such  a  state  of  tension  as  not  readily  to  reciprocate  them. 

903.  The  uses  of  the  Tynvpanic  Cavity  are  very  obvious.    One  of  its  !i 
purposes  is  to  render  the  vibrations  of  the  membrane  quite  free ;  and  the  i 
other,  to  isolate  the  chain  of  bones,  in  such  a  manner  as  to  prevent  their  s 
vibrations  from  being  weakened  by  diffusion  through  the  sm-roundiug  a 
solid  parts.    As  to  the  objects  of  the  Eustachian  tube,  however,  opinions  * 
have  been  much  divided.    From  the  experiments  of  Miiller  it  appeal's  u 
that  it  does  not  increase  the  intensity  of  sound,  but  that  it  prevents  a 
certain  degi'ee  of  dulness  which  would  attend  it  if  the  cavity  of  the  tym- 
panum were  completely  closed ;  of  this  dulness  we  are  conscious,  when  o 
any  tumefaction  of  the  fauces  causes  an  occlusion  of  the  extremity  of  the 
tube.    It  has  been  supposed  that,  among  other  uses,  this  canal  serves  for 
the  conduction  of  the  speaker's  voice  to  his  ears ;  but  this  is  certainly 
not  the  case  in  any  considerable  degree  ;  for,  when  the  Eustachian  tubes 
are  obstructed  by  disease,  the  patient  hears  his  own  voice  well,  though 
other  sounds  are  indistinct ;  and  it  is  easily  shown,  that  its  transmission  > 
is  chiefly  accomplished  in  other  ways.     The  common  idea'  is,  that  it 
seiwes  the  same  purpose  with  the  hole  in  an  ordinary  drum ;  the  effect  of  t  jj 
which  is  generally  supposed  to  be,  the  removal  of  an  impediment  to  the  ||l 
vibrations  of  the  membrane,  that  would  be  offered  by  the  complete  ■ 
inclosure  of  the  air  within.    It  does  not  appear,  however,  that  any  such  IJ 
impediment  is  really  offered ;  and  the  effect  of  the  hole  in  the  drum  seems  || 
rather  to  be  the  communication,  to  the  ear  of  the  auditor,  of  the  sonorous  ■ 


*  This  is  very  easily  proved  by  experiment  on  a  membrane  stretched  over  a  resonant 
cavity ;  for  if  light  sand  be  strewed  upon  it,  and  a  strong  musical  tone  be  produced  in  its  vici- 
nity, the  membrane  will  immediately  be  set  in  vibration,  not  as  a  whole  (unless  its  fundamental 
note  be  in  unison  with  tliat  sounded),  but  in  distinct  segments,  of  which  every  one  recipro- 
cates the  sound;  from  the  vibrating  parts,  the  sand  will  be  violently  thrown  off;  but  it  will 
settle  on  the  intermediate  lines  of  rest,  forming  a  variety  of  curious  figures,  which  are  known 
as  the  nodal  lines. 
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vibmtions  of  the  contained  air;  which  are  thns  transmitted  directly 
througli  tlie  atmospliere,  instead  of  being  weal^ened  by  transmission 
through  the  walls  of  the  instrument.  Hence  there  is  no  real  analogy  in 
the  two  cases.  The  principal  object  of  the  Eustachian  tube  (which  is 
always  foimd  where  there  is  a  tympanic  cavity)  seems  to  be,  the  mainte- 
nance of  the  equilibrium  between  the  air  within  the  tympanum  and  the 
external  air;  so  as  to  prevent  inordinate  tension  of  the  membrana  tym- 
pani,  which  would  be  produced  by  too  great  or  too  little  pressure  on 
either  side,  and  the  effect  of  which  would  be  imperfection  of  heai-ing.  It 
also  has  the  office  of  conveying  away  mucus  secreted  in  the  cavity  of  the 
tympanum,  by  means  of  the  vibratile  cilia  which  clothe  its  lining  mem- 
brane ;  and  the  deafness,  consequent  on  occlusion  of  this  tube,  is  in  part 
explicable  by  the  accumulation  which  will  then  take  place  in  the  cavity. 

904.  From  what  has  been  stated,  it  is  evident  that  sonorous  undula- 
tions taking  place  in  the  air,  will  be  propagated  to  the  fluid  contained  in 
the  labyrinth,  —  through  the  tympanum,  the  chain  of  bones,  and  the 
membrane  of  t\iQ  fenestra  ovalis  to  which  the  stapes  is  attached, — without 
any  loss,  but  rather  an  increase,  of  intensity.  Why  water  should  be 
chosen  as  the  medium  through  which  the  impression  is  to  be  made  upon 
the  nerve,  it  is  impossible  for  us  to  say  with  anything  like  certainty,  in 
cm-  present  state  of  ignorance  as  to  the  physical  character  of  that  impres- 
sion. But  the  problem  being,  to  communicate  to  water  the  sonorous 
undulations  of  air,  the  experimental  results  already  detailed  satisfactorily 
prove  that — whilst  this  may  be  accomplished,  in  a  degree  sufficient  for 
the  wants  of  the  inferior  animals,  by  the  simple  interposition  of  a  tense 
membrane  between  the  air  and  the  fluid,  —  the  tympanic  apparatus  of 
the  higher  classes  is  most  admirably  adapted  for  this  purpose.  The 
fenestra  ovalis  is  not,  however,  the  only  channel  of  communication 
between  the  tympanum  and  the  labyrinth ;  for  there  is,  in  most  animals, 
a  second  aperture,  the  fenestra  rotunda,  leadmg  into  the  cochlea,  and 
simply  covered  with  a  membrane.  It  is  generally  supposed  that,  the 
labyrinth  being  filled  with  a  nearly  incompressible  fluid,  this  second  aper- 
ture is  necessary  to  allow  the  free  vibration  of  that  fluid;  the  membrane 
of  the  fenestra  rotunda  being  made  to  bulge  out,  as  that  of  the  fenestra 
ovalis  is  pushed  in.  It  may,  however,  be  easily  shown  by  experiment,  as 
well  as  by  reference  to  comparative  anatomy,  that  no  such  contrivance  is 
necessary ;  for  sonorous  undulations  may  be  excited  in  a  non-elastic  fluid, 
completely  inclosed  within  solid  walls  at  every  part,  except  where  these 
are  replaced  by  the  membrane  through  which  the  vibrations  ai'e  propa- 
gated ;  and  this  is  precisely  the  condition,  not  only  of  the  Invertebrated 
animals,  but  even  of  Frogs;  in  which  last  a  tympanic  apparatus  exists, 
without  a  second  orifice  into  the  labyrinth.  Moreover  it  is  certain,  that 
the  vibrations  of  the  air  in  the  cavity  of  the  tympanum,  must  of  them- 
selves act  upon  the  membrane  of  the  fenestra  rotunda;  and  this  is  per- 
haps the  most  direct  manner  in  which  the  fluid  in  the  cochlea  will  be 
affected,  although  it  will  ultimately  be  thrown  into  much  more  powerful 
action,  by  the  transmission  of  vibrations  from  the  vestibule.  For  it  has 
been  satisfactorily  determined  by  experiment  (xii),  that  vibrations  are 
transmitted  with  very  much  gi'eater  intensity  to  water,  when  a  tense 
membrane,  and  a  chain  of  insulated  solid  bodies  capable  of  free  move- 
ment, are  successively  the  conducting  media,  than  when  the  media  of 
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commuuicatiou  between  the  vibrating  air  and  the  water  are  the  same 
tense  membrane,  air,  and  a  second  membrane  :  —  or,  to  apply  this  fact  to 
the  organ  of  hearing,  the  same  vibrations  of  the  air  act  upon  the  fluid  of 
the  labyi'inth  with  much  greater  intensity,  through  the  medium  of  the 
chain  of  auditory  bones  and  the  fenestra  ovalis,  than  thi-ough  the  medium 
of  the  ah'  of  the  tympanum  and  the  membrane  closing  the  fenestra 
rotunda.  —  The  fenestra  rotunda  is  not  to  be  considered  as  having  any 
peculiar  relation  with  the  cochlea ;  since,  in  the  Turtle  tribe^  the  former 
exists  without  the  latter. 

905.  It  is  obviously  in  the  Labyrinth,  as  a  whole,  that  the  sonorous 
vibrations  ai'e  brought  to  bear  upon  the  Auditory  nerve  spread  out  to 
receive  them.  In  regai'd  to  the  special  functions  of  particixlar  parts  of 
the  labyrinth,  however,  no  certainty  can  be  said  to  exist.  The  membrane 
which  lines  its  cavities  not  only  contains  a  liquid  (the  endo-lympli),  but 
is  also  separated  fi'om  the  osseous  wall  by  another  coUectiou  of  liquid,  the 
'perl-lympli ;  so  that  it  is  suspended,  as  it  were,  in  a  liquid  which  bathes 
both  its  surfaces.  In  the  cavity  of  the  Vestibule,  which  is  subdivided  by 
a  membranous  partition  into  two,  are  found  small  masses  of  concre- 
tionar}'^  particles,  collectively  named  otoconia  or  ear-powder  ;  these  are 
obviously  the  rudiments  of  the  otoliths,  or  ear-stones,  whose  presence,  in 
animals  with  a  less  perfect  auditory  apparatus,  seems  needful  to  intensify 
the  undulations. — It  is  commonly  supposed  that  the  Semicircular  Canals 
have  for  their  peculiar  function,  to  receive  the  impressions  by  which 
we  distinguish  the  direction  of  sounds;  and  it  is  certainly  a  powerful 
argument  in  support  of  this  view,  that,  in  almost  every  instance  in  which 
these  parts  exist  at  all,  they  hold  the  same  relative  position  to  each  other 
as  in  Man,  their  three  planes  being  nearly  at  right  angles  to  one  another. 
The  idea,  however,  must  be  regarded  as  a  mere  specidation,  the  value  of 
which  cannot  be  decided  without  an  increased  knowledge  of  the  laws 
according  to  which  sonorous  vibrations  are  transmitted. — Regarding  the 
special  fimction  of  the  Cochlea,  there  is  precisely  the  same  uncertainty. 
This  part  of  the  organ  is  peculiar  in  one  respect,  that  the  expansion  of 
the  auditory  nerve  is  here  spread  out  (within  the  lamina  spiralis)  in  ^ 
closer  proximity  with  the  bone  itself,  than  it  is  in  any  other  part  of  the 
labyrinth;  and  moreover  the  peri-lymph  is  here  deficient,  so  that  the 
membranous  lining  of  the  cochlea  is  in  absolute  contact  with  its  osseous 
wall.  It  is  not  easy  to  see,  however,  what  can  be  the  peculiar  object  of 
this  disposition,  in  regard  to  the  function  of  hearing.  It  has  been  sur- 
mised by  M.  Duges,  that  by  the  cochlea  we  are  especially  enabled  to  j 
estimate  the  pitch  of  sounds,  particularly  of  the  voice  ;  and  he  adduces,  in  I 
support  of  this  idea,  the  fact,  that  the  development  of  the  cochlea  follows  i 
a  very  similar  proportion  with  the  compass  of  the  voice.  This  is  much  [ 
the  greatest  in  the  Mammalia;  less  in  Birds;  and  in  Reptiles,  which  j 
have  little  true  vocal  power,  the  cochlea  is  reduced  to  its  lowest  form, 
disappearing  entirely  in  the  Amphibia.  That  there  should  be  an  acoustic 
relation  between  the  voice  and  ear  of  each  species  of  animal,  cannot  be 
regarded  as  improbable ;  but  the  speculation  of  M.  Duges  can  at  present 
only  be  received  as  a  stimulus  to  further  inquiry.  i 

90G.  We  have  now  to  consider  the  functions  of  the  accessory  parts, 
the  External  Ear,  and  the  Meatus.    The  Cai'tilage  of  the  external  ear 
may  propagate  sonoi'ous  vibrations  in  two  ways;  by  reflection,  and  by 
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conduction.  In  reflection,  the  concha  is  the  most  important  part,  since 
it  directs  the  reflected  undulations  towards  the  tragus,  whence  they  are 
thrown  into  the  auditory  passage.  The  other  inequalities  of  the  external 
ear  cannot  promote  hearing  by  reflection  j  and  the  purpose  of  the  exten- 
sion of  its  cartilage  is  evidently  to  receive  the  sonorous  vibrations  from 
the  air,  and  to  conduct  them  to  its  point  of  attachment.  In  this  point 
of  view,  the  inequalities  become  of  importance ;  for  those  elevations  and 
depressions  upon  which  the  undulations  fall  perpendicularly'",  will  be 
affected  by  them  in  the  most  intense  degree;  and  in  consequence  of  the 
varied  form  and  position  of  these  inequalities,  sonorous  undulations,  in 
whatever  du'ection  they  may  come,  must  fall  advantageously  upon  some 
of  them. — The  functions  of  the  Meatus  appear  to  be  threefold.  The 
sonorous  undulations  entering  from  the  atmosphere  are  propagated  directly, 
without  dispersion,  to  the  membrana  tympani : — the  sonorous  undula- 
tions received  on  the  external  ear,  are  conveyed  along  the  walls  of  the 
meatus  to  the  membrana  tympani : — the  air  which  it  contains,  like  all 
insulated  masses  of  air,  increases  the  intensity  of  sounds  by  resonance. 
That,  in  ordinary  hearing,  the  direct  transmission  of  atmospheric  vibra- 
tions to  the  membrana  tympani,  is  the  principal  means  of  exciting  the 
reciprocal  vibrations  of  the  latter,  is  sufficiently  evident;  the  undulations 
which  du-ectly  enter  the  passage,  will  pass  straight  on  to  the  membrane; 
while  those  that  enter  obliquely  will  be  reflected  from  side  to  side,  and  at 
last  will  fall  obliquely  on  the  membrane,  thus  perhaps  contributing  to 
the  notion  of  dii^ection.  The  power  of  the  lining  of  the  meatus  to  con- 
duct sound  from  the  external  ear,  is  made  evident  by  the  fact,  that,  when 
both  ears  are  closely  stopped,  the  sound  of  a  pipe  having  its  lower  extre- 
mity covered  by  a  membrane,  is  heai'd  more  distinctly  when  it  is  applied 
to  the  cartilage  of  the  external  ear  itself,  than  when  it  is  placed  in  contact 
^vith  the  sm-face  of  the  head.  The  resonant  action  of  the  air  in  the  tube 
is  easily  demonstrated,  by  lengthening  the  passage  by  the  introduc- 
tion of  another  tube;  the  intensity  of  external  sounds,  and  also  that 
of  the  individual's  own  voice,  as  heard  by  himself,  is  then  much  in- 
creased. 

907.  Many  facts  prove,  however,  that  the  fluid  of  the  Labyrinth  maybe 
thrown  into  vibration  in  other  ways  than  by  the  Tympanic  apparatus. 
Thus  in  Osseous  Fishes,  it  is  only  by  the  vibrations  transmitted  through 
the  bones  of  the  head,  that  hearing  can  take  place.  There  are  many  per- 
sons, again,  who  can  distinctly  hear  sounds  which  are  thus  transmitted  to 
them ;  although,  through  some  imperfection  of  the  tympanic  apparatus, 
they  are  almost  insensible  to  those  which  they  receive  in  the  ordinary 
way.  It  is  evident,  where  this  is  the  case,  that  the  nei-ve  must  be  in  a 
state  fully  capable  of  functional  activity;  and,  on  the  other  hand,  where 
sounds  cannot  thus  be  perceived,  there  will  be  good  reason  to  believe  that 
the  neiwe  is  diseased. 

908.  A  single  impulse  communicated  to  the  Auditory  nerve,  in  any  of 
the  foregoing  modes,  seems  to  be  sufficient  to  excite  the  momentary  sen- 
sation of  sound;  but  most  frequently  a  series  of  such  impulses  is  con- 
cerned, there  being  but  few  sounds  which  do  not  partake,  in  a  greater  or 
less  degree,  of  the  character  of  a  tone.  Any  continuous  sound  or  tone  is 
dependent  upon  a  succession  of  impulses;  and  its  acuteness  or  depth 
is  governed  by  the  rapidity  with  which  these  succeed  one  another.    It  is 
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not  difficult  to  ascertain  by  experiment,  what  number  of  such  impulses  or 
iiudulations  are  required,  to  give  every  tone  which  the  ear  can  appreciate. 
Thus,  if  a  circular  plate,  with  a  number  of  apertures  at  regular  intervals, 
be  made  to  revolve  over  the  top  of  a  pipe  through  which  air  is  propelled, 
a  succession  of  short  i9^</s  will  be  allowed  to  issue  from  this ;  and,  if  the 
revolution  be  sufficiently  rapid,  these  impulses  will  unite  into  a  definite 
tone.  In  the  same  manner,  if  a  spring  be  fixed  near  the  edge  of  a 
revolving  toothed  wheel,  in  such  a  manner  as  to  be  caught  by  every  tootli 
as  it  passes,  a  succession  of  clicJcs  will  be  heard;  and  these  too,  if  the  re- 
volution of  the  wheel  be  sufficiently  rapid,  will  produce  a  tone.  The 
number  of  apertures  in  the  plate  which  pass  the  orifice  of  the  pipe  iu  a 
given  time,  or  the  number  of  teeth  which  pass  the  spring,  being  known, 
it  is  easy  to  see  that  this  must  be  the  number  of  impulses  required 'to 
produce  the  given  tone.  Each  impulse  produces  a  double  vibration, — 
forwards  and  backwards  (as  seeu  when  a  string  is  put  in  vibration,  by 
pulling  it  out  of  the  straight  line) ;  hence  the  number  of  impulses  is  always 
half  that  of  the  single  vibrations.  The  maximum  and  minimum  of  the 
intervals  of  successive  pulses,  still  appreciable  by  the  ear  as  determinate 
sounds,  have  also  been  determined  by  M.  Savart,  more  satisfactorily  and 
more  accurately  than  had  previously  been  done.  If  theii'  intensity  be 
great,  sounds  are  still  audible  which  result  from  the  succession  of  24,000 
impulses  in  a  second;  and  this,  probably,  is  not  tlie  extreme  limit  to  the 
ac\iteness  of  sounds  perceptible  by  the  ear.  From  some  obsei'vations  of 
Dr.  Wollaston's,  it  seems  probable  that  the  ears  of  different  individuals 
are  differently  constituted  in  this  respect, — some  not  being  able  to  hear 
very  acute  tones  produced  by  Insects,  or  even  Birds,  which  are  distinctly 
audible  to  others.  Again,  the  sound  resulting  from  16  impulses  per 
second,  is  not,  as  has  been  usually  supposed,  the  lowest  appreciable  note; 
on  the  contraiy,  M.  Savai't  has  succeeded  in  rendering  tones  distinguish- 
able, which  are  produced  by  only  7  or  8  impulses  in  a  second ;  and  con- 
tinuous sounds  of  a  still  deeper  tone  could  be  heard,  if  the  individual 
pulses  were  sufficiently  prolonged.  In  regard,  however,  to  the  precise 
time  during  which  a  sonorous  impression  remains  upon  the  ear,  it  is 
difficult  to  procm-e  exact  information,  since  it  departs  more  gi-aduaHy 
than  do  visual  impressions  from  the  eye.  This  is  certain,  however, — that 
it  is  much  longer  than  the  interval  between  the  successive  pulses  in  the 
production  of  tones ;  since  it  was  found  by  M.  Savart,  that  one  or  even 
several  teeth  might  be  removed  from  the  toothed  wheel,  without  a  per- 
ceptible break  in  its  sound, — showing  that,  when  the  tone  was  once 
established,  the  impression  of  it  remained  during  an  intermission  of 
some  length. 

909.  The  Ear,  like  the  Eye,  may  vary  considerably  as  regards  general 
acuteness,  amongst  different  individuals;  and  its  power  may  be  much  in- 
creased by  practice.  A  part  of  this  increase  depends,  however,  as  iu  other 
instances,  upon  the  greater  attention  which  its  fainter  indications  receive ; 
but  a  part,  also,  upon  an  increased  use  of  the  organ.  The  power  of 
hearing  very  faint  sounds  is  as  different  from  the  power  of  distinguishing 
musical  tones,  as  the  power  of  discerning  very  minute  objects,  or  of  seeing 
with  very  faint  degrees  of  light,  is  from  that  of  distiugaiishing  colours. 
Many  persons  are  altogether  destitute  of  what  is  termed  a  musical  ear; 
whilst  others  are  endowed  with  it  in  a  degree  which  is  a  source  of  great 
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discomfort  to  them,  since  eveiy  discordant  sound  is  a  positive  torment. 
Tlie  power  of  distinguishing  the  direction  of  sounds  appears  to  be,  in  Man 
at  least,  for  the  most  part  acquired  by  habit.  It  is  some  time  before  the 
infant  seems  to  know  anything  of  the  direction  of  noises  which  attract  his 
attention.  Now  although  there  can  be  no  question,  that  this  perception 
is  acquired  by  attention  to  certain  variations  in  the  impressions  made  upon 
the  nerve,  through  the  medium  either  of  the  tympanic  apparatus,  or  of  the 
l)ones  of  the  head,  yet  it  is  equally  evident,  that  there  can  be  nothing  in 
chese  variations  themselves  adequate  to  excite  the  idea,  and  that  it  must 
therefore  be  either  intuitive  or  acquired  by  habit.  This  is  a  consideration 
of  some  importance,  in  regard  to  the  similar  question  as  to  the  sense  of 
Visual  du'ection.  In  some  cases  we  are  probably  assisted  by  the  relative 
intensity  of  the  sensations,  communicated  by  the  two  ears  respectively. 
The  idea  of  the  distance  of  the  sonorous  body  is  another  acquired  percep- 
tion, depending  principally  upon  the  loudness  or  faintness  of  the  sound, 
when  we  have  no  other  indications  to  guide  us.  In  this  respect  there  is  a 
liTeat  similarity  between  the  perception  of  the  distance  of  an  object,  through 
the  Eye  by  its  size,  and  through  the  Ear  by  the  intensity  of  its  sound. 
When  we  know  the  size  of  the  object,  or  are  acquainted  with  the  usual 
intensity  of  its  sound,  we  can  judge  of  its  distance;  and  vice  versd,  when 
we  know  its  distance,  we  can  at  once  form  an  idea  of  its  real  from  its  appa- 
rent size,  and  of  its  real  strength  of  tone  from  that  which  affects  our  ears. 
In  this  manner,  the  mind  may  be  affected  with  corresponding  deceptions 
thi'ough  both  senses;  thus,  in  the  Phantasmagoria,  the  figure  being  gra- 
dually diminished  whilst  its  distance  remains  the  same,  it  appears  to  the 
spectators  to  recede,  the  illusion  being  more  complete  if  its  brightness 
I  be  at  the  same  time  diminished ;  and  the  effect  of  a  distant  full  military 
I  band  gradually  approaching,  may  be  alike  given  by  a  corresponding 
r  crescendo  of  concealed  instruments.  It  is  upon  the  complete  imitation  of 
t  the  conditions  which  govern  om-  ideas  of  the  intensity  and  direction,  as 
1  well  as  of  the  character,  of  sounds,  that  the  deceptions  of  the  Ventriloquist 
8  are  founded. 

910.  Some  facts  of  much  interest  have  lately  been  ascertained,  in  regard 
t  to  an  occasional  variation  in  the  rapidity  of  the  perception  of  sensory  im- 
\  pressions,  received  thi'ough  the  Eye  and  through  the  Ear.  These  facts  are 
i  the  result  of  comparisons  made  amongst  different  astronomical  observers, 
» who  may  be  watching  the  same  visual  phenomenon,  and  timing  their 
(I  observations  by  the  same  clock;  for  it  has  been  remarked,  that  some  per- 
is sons  see  the  same  occurrence,  a  third  or  even  a  half  of  a  second  earlier 
t  than  others.  There  is  no  reason  to  suppose  from  this,  however,  that  there 
v  is  any  difference  in  the  rate  of  transmission  of  the  sensory  impressions  in 
t  the  two  nerves.  The  fact  seems  rather  to  be,  that  the  Sensorium  does  not 
p  readily  perceive  two  different  impressions  with  equal  distinctness;  and 
k  that,  when  several  impressions  are  made  on  the  senses  at  the  same  time, 
t  the  mind  takes  cognizance  of  one  only,  or  jjerceives  them  in  succession. 
^  When,  therefore,  both  sight  and  hearing  are  directed  simultaneously  to  two 
I'  objects,  the  communication  of  the  impression  through  one  sense  will  neces- 
»  sarily  precede  that  made  by  the  other.  The  interval  between  the  two 
»  sensations  is  greater  in  some  persons  than  in  others ;  for  some  can  receive 
k  and  be  conscious  of  many  impressions,  seemingly  at  the  same  moment ; 
•  whilst  in  others  a  perceptible  space  nnist  elapse. 
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911  Amougst  other  important  offices  of  the  power  of  Hearing,  is  that 
ot  supplying  the  sensations  by  which  the  Voice  is  regulated.  It  is  well 
known  that  those,  who  are  born  entirely  deaf,  are  also  dumb;  that  is 
they  do  not  spontaneously  or  imitatively  form  articulate  sounds,  thou<rh 
not  the  least  defect  exist  in  their  organs  of  voice.  Hence  it  appears  that 
the  vocal  muscles  are  usually  guided  in  their  action  by  the  sensations 
received  through  the  Ears,  in  the  same  manner  as  other  muscles  are 
guided  by  the  sensations  received  through  themselves ;  but  when  the 
former  are  deficient,  the  action  of  the  vocal  muscles  mav  be  guided  bv 
the  latter  (§751).  J  h 
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1.  General  Considerations. 

912.  By  far  the  larger  proportion  of  the  Muscular  apparatus  of  the 
Human  Body,  may  be  considered  in  the  light  of  an  instrument  whereby 
the  Nervous  System  is  enabled  to  give  motion  to  its  parts,  and  thus  to 
effect  those  changes  in  its  relation  to  the  external  world,  which  are  requisite 
for  its  physical  well-being,  or  which  are  the  expressions  of  its  psychical 
powers.    There  is  probably  no  part  of  the  Muscular  System  which  is 
altogether  beyond  the  pale  of  Nervous  agency;  but  a  tolerably  definite 
line  of  demarcation  may  be  drawn,  both  structurally  and  fnnctionally, 
between  the  two  primary  subdivisions  of  this  system :  in  the  fii'st  of  wliich 
— the  MusciUar  Ajjparatus  of  Organic  Life — the  actions  are  but  little 
dependent  upon  nervous  agency;  whilst  in  the  second — the  Muscular 
Apparatus  of  Animal  Life — scarcely  any  action  takes  place  but.  what  is 
called-forth  by  nerve-force.    The  Fij^st  gi-oup  consists  of  the  muscular 
enveloiDcs  which  surround  the  various  open  cavities  of  the  body,  and  which 
foi'ra  part  of  its  general  investment;  its  office  being  to  aid  in  the  per- 
formance of  the  Organic  functions,  by  giving  motion  to  the  contents  of 
the  cavities,  or  by  maintaining  a  proper  state  of  tension  around  them ;  and 
it  is  composed  almost  entirely  of  the  non-striated  or  smooth  form  of  mus- 
cular fibre,  the  only  marked  exception  being  in  the  case  of  the  heart. 
Under  this  category  rank  the  proper  muscular  coat  of  the  alimentaiy 
canal,  from  its  commencement  in  the  oesophagus  to  its  termination  at  the 
anus ;  the  muscular  coats  of  the  gland-ducts  which  dischai'ge  themselvesH 
into  this;  the  muscular  fibres  of  the  trachea  and  bronchial  tubes;  theH 
muscular  substance  of  the  heart,  and  the  muscular  coats  of  the  blood-H 
vessels  and  absorbents  generally;  the  muscular  walls  of  the  ureters,B 
bladder,  urethra,  and  vasa  deferentia  in  the  male,  and  of  the  ureters^H 
bladder,  urethra,  fallopian  tubes,  uterus,  and  vagina  of  the  female ;  andB 
finally,  the  muscular  substance  of  the  skin.    With  regard  to  nearly  allfl 
these  parts,  as  already  pointed  out,  it  is  difficult  to  obtain  evidence  thaiM 
nervous  agency  has  anything  to  do  with  their  contractions ;  and  all 
evidence  yet  adduced  tends  only  to  show,  that  contractions  may  he  excitedM 
through  the  nervous  system,  not  that  they  habitually  are  so;  their  ordi-M 
nary  contractions  being  produced  either  by  their  own  motility  (§  499),  orM 
by  stimuli  directly  applied  to  themselves. — rThe  Second  of  the  above-named™ 
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divisions  consists  of  all  those  muscles  which  are  usually  styled  voluntaiy, 
since  they  can  be  put  or  retained  in  action  by  the  mandates  of  the  Will ; 
l)ut  besides  these,  it  includes  a  large  group  of  muscles  (those,  namely, 
chat  are  concerned  in  the  functions  of  Deglutition,  Respiration,  Vomiting, 
Defecation,  and  Urination),  over  which  the  Will  exerts  only  a  partial  con- 
trol, their  activity  being  usually  called  forth  automatically.  It  would  seem 
as  if  this  group  were  placed  under  the  same  conditions,  as  regards  their 
dependence  on  Nervous  agency,  with  those  more  properly  termed  voluntaiy, 
in  order  that  the  Will,  which  is  altogether  powerless  over  the  Muscular 
xlpparatus  of  Organic  Life,  may  bring  their  operations  into  hai'mony  with 
the  general  requirements  of  the  system ;  the  functions  in  question  begin 
those  which  constitute  (so  to  speak)  the  meeting-points  between  the 
Organic  and  Animal  hfe.  For  as  we  descend  the  scale  of  animal  life,  we 
find  that  they  lose  more  and  more  of  the  character  they  possess  in  Man, 
becoming  more  and  more  exclusively  automatic,  and  at  last  being  even 
transferred  from  the  more  elaborate  mechanism  of  muscular  contraction, 
to  the  simple  operation  of  ciliary  vibration."^  Nearly  all  those  muscles 
in  the  Human  body,  which  are  oi'dinarily  called  into  action  by  the  Cranio- 
spinal nerves,  are  composed  of  striated  fibre ;  the  most  remarkable  exceji- 
tiou  being  the  muscular  structure  of  the  Iris.  And  it  is  peculiarly 
characteristic  of  them,  that  whilst  forcible  and  united  contractions  of  all 
the  fascicidi  at  once  are  called-forth  by  u'ritating  their  nerves,  the  effect 
of  direct  stimulation  is  limited  to  the  fasciculus  irritated. 

913.  It  is  obvious  from  what  has  preceded,  that  the  system  of  classify- 
ing the  Muscles  under  the  categories  of  voluntary  and  involuntary^  cannot 
be  consistently  maintained.  It  is  quite  true  that  all  the  Muscles  of 
Organic  Life  may  be  truly  styled  'involuntary;'  for  although  they  are 
capable  of  being  influenced  by  emotional  and  ideational  states  of  mind 
(§  923),  yet  the  Will  cannot  exert  any  (Jirect  influence  upon  them, 
only  affecting  them  indirectly  by  its  power  of  determining  these  states. 
But  over  those  Muscles,  also  ministering  to  the  Organic  functions,  and 
doing  so  in  obedience  to  impulses  purely  automatic,  which  are  called 
into  action  by  the  Cranio-Spinal  nerves,  the  Will,  as  we  have  seen,  exerts 
some  power ;  and  such,  therefore,  cannot  be  properly  regarded  as  involun- 
tary, since  the  Will  can  influence  their  actions;  whilst  they  are  far  from 
being  tinly  voluntary,  since  the  WiU  cannot  control  their  tendency  to 
automatic  action  beyond  a  certain  limited  amount.  On  the  other  hand, 
eveiy  one'of  the  Muscles  usually  styled  voluntary,  because  ordinarily  called 
into  action  by  the  Will,  is  liable  to  be  thrown  into  action  involuntarily ; 
either  by  an  Excito-motor  stimulus,  as  in  tetanic  convulsions,  or  by  Consen- 
sual action,  as  in  tickling,  or  Emotionally,  as  in  laughter  or  rage,  or  simply 
Ideationally,  as  in  somnambulism  and  analogous  states.  Hence  although 
there  are  certain  gi'oups  of  muscles  which  are  more  frequently  acted-on 
l)y  the  Will  than  by  any  other  impulse,  and  certain  others  wliich  are 
more  frequently  played-on  by  the  Emotions,  and  so  on,  it  becomes  obvious 
that  every  muscle  called  into  contraction  by  the  Cranio-Spinal  nervous 
system,  is  capable  of  receiving  its  stimulus  to  movement  from  any  of  these 

"  Thus  in  the  Oyster  and  other  Bivalve  Mollusks,  v/hich  have  a  complicated  digestive, 
circulating,  and  respiratory  apparatus,  mouth  is  brought  to  the  food,  frecal  matters  are  expelled 
fi'om  the  anus,  and  a  constant  current  of  water  is  made  to  sweep  over  tlie  respiratory  surface, 
entirely  by  ciliary  motion. 
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sources  ;  the  nerve-force  transmitted  along  the  motor-fibres,  being  Issued 
either  from  the  Spinal  Cord,  from  the  Sensory  Ganglia,  or  from  the  Cere- 
brum, as  the  case  may  be,  but  being  in  its  nature  and  effects  the  same  in 
every  instance. 

914.  The  grouping  or  combination  of  Muscular  actions,  which  takes 
place  in  almost  every  movement  of  one  part  of  the  body  upon  another 
must  be  attributed,  not  to  any  peculiar  sympathy  among  the  Muscles 
themselves,  but  to  the  mode  in  which  they  are  acted-on  by  the  jNervous 
Centres.  This  is  most  obvioiisly  the  case  with  regard  to  those  of  the  pri- 
marily-automatic class;  but  it  cannot  be  in  the  least  degree  doubtful,  as 
to  those  of  the  secondarily- automatic  kind  (such  as  walking),  which, 
though  at  first  directed  by  the  Will,  come  by  habit  to  be  perfonned  xmder 
conditions  essentially  the  same  with  the  preceding ;  and  when  it  is  borne 
in  mind  that  even  in  voluntary  movements  the  Will  cannot  single-out 
any  one  muscle  from  the  group  with  which  it  usually  co-operates,  so  as  to 
throw  this  into  separate  contraction,  but  is  limited  to  determining  the 
result  (§  758),  it  seems  pretty  obvious  that  even  here  the  grouping  is  eftected 
by  the  endowments  of  the  Automatic  centres  from  which  all  the  motor 
impulses  immediately  proceed  to  the  muscles,  and  not  by  Cerebral  agency. 
In  fact,  the  whole  process  by  which  we  acquire  the  power  of  adapting 
our  muscular  actions  to  the  performance  of  some  new  kind  of  movement, 
— as  in  the  case  of  an  infant  learning  to  walk,  a  child  learning  to  write,  an 
artizan  leai'uing  some  occupation  Avhich  requires  nice  manipulation,  a 
musical  performer  learning  a  new  instrument,  and  so  on, — is  found,  when 
attentively  studied,  to  indicate  that  the  Will  is  far  from  having  that  direct 
and  immediate  control  over  the  contractions  of  the  Muscles,  which  it  is 
commonly  reputed  to  possess ;  and  that  the  operation  really  consists  in 
the  gradual  establishment  of  a  new  gTouping  of  the  separate  actions,  in 
virtue  of  whicli,  the  stimulus  of  a  Volitional  determination,  acting  under 
the  guidance  of  the  muscular  sensations,  henceforth  calls  into  contraction 
the  group  of  muscles  whose  agency  is  competent  to  carry  that  determinar 
tion  into  efifect.  For  however  amenable  any  set  of  muscles  (as  those  of 
the  ai-m  and  hand)  may  have  become  to  the  direction  of  the  Will,  in  any 
operations  which  they  have  been  previously  accustomed  to  perform,  it  is 
only  after  considerable  pi'actice  that  they  can  be  trained  to  any  method 
of  combined  action  which  is  entirely  new  to  them;  and  even  if  we 
attempt  to  bring  our  anatomical  knowledge  into  use  for  such  a  purpose, 
by  mentally  fixing  upon  certain  muscles  whose  action  we  wish  to  intensify 
and  to  associate  with  those  of  others,  we  find  that  such  a  method  of  pro- 
ceeding affords  no  assistance  whatever,  but  rather  tends  to  impede  our 
progress,  by  drawing-off  the  attention  from  the  'guiding  sensations '  (visual, 
muscular,  &c.),  which  are  the  only  regulators  that  can  be  depended  upon 
for  determining  the  due  performance  of  the  volitional  mandate. — Hence 
we  are  led  by  these  considerations,  as  by  those  stated  in  the  preceding 
paragraph,  to  the  conclusion,  that  the  agency  which  directly  affects  the 
muscles  is  of  the  same  kind,  and  that  it  operates  under  the  same  instru- 
mental conditions,  whatever  be  the  primal  source  of  the  motor  power. 
And  in  watching  the  gradual  acquirement  of  the  capacity  for  chfferent 
kinds  of  movement,  dming  the  periods  of  Infancy  and  Childhood  in  the 
Human  subject,  we  find  everything  to  confirm  this  conclusion.  For  it 
becomes  obvious  that  the  acquirement  of  Voluntary  power  over  the 
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movements  of  the  limbs  is  jiist  as  gradual  as  it  is  over  the  direction  of 
the  thoughts  (§  839) ;  all  the  activity  of  the  body,  as  well  as  of  the  mind, 
'  .>oing  in  the  fii^st  instance  automatic,  and  the  Will  progressively  extending 
rs  domination  over  the  former,  as  over  the  latter,  until  it  brings  imder 
ts  control  all  those  muscular  movements  which  are  not  immediately 
•  eauired  for  the  conservation  of  the  body,  and  turns  them  to  its  own 
uses.* 

2.  Of  the  Symmetry  and  Harmony  of  Ifuscular  Movements. 

915.  It  might  have  been  not  unreasonably  supposed,  d,  priori,  that 
those  muscles  woidd  have  been  most  readily  put  into  simultaneous  con- 
traction, which  correspond  to  each  other  on  the  two  sides  of  the  body ;  in 

ither  words,  that  symmetrical  movements  would  be  those  most  readily 
performed.  Such,  however,  is  by  no  means  the  case;  for  in  many  of  our 
most  familiar  actions,  we  consentaneously  exert  different  muscles  on  the 
two  sides  of  the  body.  Thus,  in  ordinary  walking,  we  advance  one  leg 
whilst  we  push  backwards  (so  as  to  urge  the  body  forwards)  with  the 
other ;  and  in  the  swinging  of  the  arms  which  is  in  most  persons  a  natural 
part  of  this  mode  of  locomotion,  the  arms  of  the  two  sides  move  forwards 
and  backwards  alternately,  and  the  arm  of  either  side  is  advanced,  not 
with  the  leg  of  its  own  side,  but  with  that  of  the  opposite  side, — any 

ther  combination  being  felt  as  imnatural,  and  being  only  performed  by  a 
conscious  effort.    Now  it  is  plain  that  this  grouping  of  the  -muscular 

Qovements  arises  out  of  its  felt  conformity  to  the  end  in  view,  and  that  it 
is  regulated  by  the  gniiding  sensations  which  indicate  to  us  the  progression 

lad  balance  of  the  body.  The  infant,  in  learning  to  walk,  is  prompted  by 
an  instinctive  tendency  to  put  one  foot  before  the  other,  as  may  be 
noticed  at  a  very  early  period,  when  it  is  first  held  so  as  to  feel  the  ground 
with  its  feet ;  and  in  attempting  to  balance  itself  when  first  left  to  stand 

done,  it  moves  its  arms  with  a  like  intuitive  impulse,  not  based  uj)on 
experience.  All  that  experience  does,  in  either  case,  is  to  give  that  pre- 
cise adjustment  to  the  muscular  action,  which  makes  it  perfectly  con- 
formable to  the  indications  afforded  by  the  muscular  sensations.  Thus, 
if  we  advance  each  arm  with  its  corresponding  leg,  we  feel  that  the 
balance  of  the  body  is  not  nearly  as  readily  maintained,  as  it  is  when  we 

idvance  the  arm  with  the  leg  of  the  opposite  sidej  and  thus,  without  any 
design  or  voluntaiy  determination  on  our  own  parts,  the  former  comes  to 
be  our  settled  habit  of  action.    This  kind  of  adjustment,  in  the  case 

*  The  aptitude  which  is  acquired  by  practice,  for  the  performance  of  certain  actions  that 
were  at  first  accomplished  with  difficulty,  seems  to  result  as  much  from  a  change  which  the 
'  ontinual  repetition  of  them  occasions  in  the  Muscle,  as  in  the  habit  which  the  Nervous 
system  acquires  of  exciting  their  performance.  Thus  almost  every  person  learning  to  play  on 
:i  musical  instrument,  finds  a  difficulty  in  causing  the  two  shorter  fingers  to  move  indepen- 
'lently  of  each  other  and  of  the  rest;  this  is  particularly  the  case  in  regard  to  the  ring-finger. 
Any  one  may  satisfy  himself  of  the  difficulty,  by  laying  tiie  palm  of  the  hand  flat  on  a  table, 
ind  raising  one  finger  after  the  other,  when  it  will  be  found,  that  the  ring-finger  can  scarcely 
iie  lifted  without  disturbing  the  rest, — evidently  from  the  difficulty  of  detaching  the  action  of 
liiat  portion  of  the  extensor  communis  dujitorum,  by  which  tlie  movement  is  produced,  from 
that  of  the  remainder  of  the  muscle.  Yet  to  the  practised  musician,  the  connnand  of  the 
Will  overall  the  fingers  becomes  nearly  alike;  and  it  can  scarcely  be  doubted  that  some  change 
la  the  structure  of  the  muscle,  or  a  new  development  of  its  nerve-fibres,  takes  place,  which 
t.ivours  the  isolated  operation  of  its  several  divisions. 
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before  us,  is  by  no  means  limited  to  the  muscles  of  the  limbs;  for  there 
is  scarcely  any  muscle  of  the  trunk  or  head  that  is  not  exerted  with 
some  degree  of  consentaneous  energy,  however  unconsciously  to  ourselves, 
in  the  act  of  walking.  The  dilhculty  which  would  attend  the  voluntary 
harmonization  of  all  these  separate  actions,  is  remarkably  evinced  by  the 
fact,  that  no  mechanist,  however  ingenious,  has  ever  succeeded  in  con- 
structing an  automaton  that  shoiild  ivalk  like  Man ;  the  alternate  shifting 
of  the  centre  of  gravity  from  one  side  to  the  other,  upon  so  small  a  base 
as  the  human  foot  affords,  simultaneously  with  its  movement  in  advance, 
constituting  the  great  difficulty  of  biped  progression.  But  all  this 
adjustment  is  affected  in  our  own  organisms, /or  us,  rather  than&//us; 
the  act  of  harmonization,  when  once  fully  mastered,  being  attended  with  no 
effort  to  ourselves,  but  the  whole  series  of  complex  movements  being  per- 
formed in  obedience  to  the  simple  determination  to  walk,  under  the  auto- 
matic guidance  of  the  senses,  which  instantly  reveal  to  us  any  imperfec- 
tion in  the  performance. — The  same  view  extends  itself  readily  to  othei- 
combinations  of  dissiiiiilar  and  non-symmetrical  movements,  which  are 
less  natural  to  Man,  but  which  may  be  readil}^  acqiured  artificially  if  they 
all  harmonize  in  a  common  purpose,  and  are  under  the  guidance  of  the 
same  set  of  sensations.  Thus,  the  performer  on  the  organ  uses  his  two 
hands  to  execute  different  movements  (in  very  difi'erent  positions,  it  may  I 
be)  on  the  '  manual'  keys,  one  of  his  feet  may  be  on  the  '  swell'  pedal,  and 
the  other  may  be  engaged  in  playing  on  the  'pedal'  keys;  but  all  these  I 
diverse  aotions  are  harmonized  by  their  relation  to  the  same  set  of| 
auditory  sensations ;  and  if  the  result  be  not  that  which  the  performer 
anticipated,  an  immediate  correction  is  made. 

916.  It  woidd  be  easy  to  multiply  instances  of  the  same  kind,  all  illus- 
trative of  the  general  principle,  that  the  facility  with  which  we  voluntarily 
combine  different  movements  is  chiefly  determined,  noihj  iheir  symmetrical 
chai'acter,  but  by  their  conformableness  to  a  common  end,  and  by  the  hav-  ' 
many  of  their  guiding  sensations  with  reference  to  that  end;*  but  it  wiU 
be  desirable  to  dwell  particularly  on  the  Movements  of  the  Eye,  as  present-'  j 
ing  certain  points  of  peculiar  interest,  some  of  which  have  an  important  i  ) 
bearing  on  Siugical  practice. — It  will  be  recollected  that,  in  the  Human  i  ' 
Orbit,  six  muscles  for  the  movements  of  the  eyeball  are  found ;  the  fom' 
Recti,  and  the  two  Oblique  muscles.    The  precise  actions  of  these  are  not 
easily  established  by  experiment  on  the  lower  animals;  for  in  all  those i  li 
which  ordinarily  maintain  the  horizontal  position,  there  is  an  additional!  i 
muscle,  termed  the  retractor,  which  embraces  the  whole  posterior  portion i  ;• 
of  the  globe,  and  passes  backwards  to  be  attached  to  the  bottom  of  thet  . 

*  Two  simple  examples,  however,  may  be  cited,  of  the  difficulty  which  attends  the  siimilj 
taneous  perfoimaiice  of  movements  that  are  - not  harmonious.  If  we  attempt  to  elevate  on| 
eyelid  whilst  we  are  depressing  the  other,  we  find  that  a  considerable  oflbrt  is  required  ro] 
accomplish  the  action,  although  the  elevation  or  depression  of  both  eyelids  together  is  porforniedj 
witii  so  little  efl^brt  that  we  are  scarcely  conscious  of  it ;  and  the  difficulty  is  increased  if  we  half-l 
shut  both  eyes,  and  then  try  to  close  one  and  to  open  the  other.  So  if  we  try  to  move  our  twol 
hands,  as  if  they  were  simultaneously  winding  cord  in  opposite  directiuiis  upon  two  reelj 
placed  in  front  of  us,  we  shall  find  ourselves  unable  to  do  so  without  a  constant  e.Kercise  ofl 
the  attention,  and  even  then  but  slowly  and  with  difficulty ;  although  the  very  same  moyeJ 
mcnts  may  be  separately  performed,  or  a  movement  of  both  hands  in  the  siime  direction,  witn 
the  greatest  facility. 
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orbit.*    If  the  origin  and  insertion  of  the  four  Recti  muscles  be  examined, 
however,  no  doubt  can  remain  that  each  of  them,  acting  singly,  is  capable 
of  causing  the  globe  to  revolve  in  its  own  direction, — the  superior  rectus 
causiug  the  pupil  to  turn  upwards, — the  internal  rectus  caiising  it  to  roll 
towards  the  nose, — and  so  on.    A  very  easy  and  direct  application  of  the 
laws  of  mechanics  will  further  make  it  evident  to  us,  that  the  combined 
action  of  any  tw^o  of  the  Recti  muscles  must  cause  the  pupil  to  turn  in  a 
direction  intermediate  between  the  lines  of  their  single  action ;  and  that 
any  intermediate  position  may  thus  be  given  to  the  eyeball  by  these 
i  muscles  alone.  This  fact,  which  has  not  received  the  attention  it  deserves, 
1  leads  us  to  perceive  that  the  Oblique  muscles  must  have  some  supple- 
i  mentary  function.   It  may  be  objected  that  this  is  a  theoretical  statement 
I  only ;  and  that  there  may  be  some  practical  obstacle  to  the  performance 
i  of  diagonal  movements  by  the  Recti  muscles,  which  renders  the  assistance 

<  of  the  Obliques  essential  for  this  purpose.  But  to  this  it  may  be  replied, 
\  that  no  single  muscle  can  direct  the  ball  either  downwards  and  inwards, 
i  or  upwards  and  outwards ;  and  that,  as  we  have  good  reason  to  believe 
?  these  movements  to  be  effected  by  the  combination  of  the  Recti  muscles, 
I  there  is  no  reason  why  the  other  diagonal  movements  should  not  also  be 
(  due  to  them. — The  most  probable  account  of  the  functions  of  the  Oblique 
\  muscles  of  the  eye,  seems  to  be  that,  which  was  long  ago  suggested  by 
,  John  Hunter,  and  which  has  received  confirmation  from  the  experiments 

<  of  Dr.  G.  John  son.  t  It  has  been  just  shown  that  the  action  of  the  Recti 
I  muscles  upon  the  pupil,  is  such  as  to  cause  it  to  revolve  in  any  given  direc- 
t  tion;  and  this  is  put  in  force,  not  merely  to  alter  the  range  of  vision,  the 
1  head  remaining  stationary ;  but  also  to  keep  the  range  of  vision  the  same, 
I  and  to  cause  the  images  of  the  objects  upon  which  our  gaze  is  fixed,  still  to 
I  fell  upon  the  same  parts  of  the  retinte,  by  maintaining  the  position  of  the 
«  eyes  when  the  head  is  moved  upwards,  downwards,  from  side  to  side,  or  in 
%  any  intermediate  direction.  But  these  muscles  are  not  able  to  rotate  the 
t  eyeball  upon  its  antero-posterior  axisj  and  such  rotation  is  manifestly 
5  necessary  to  preserve  the  fixed  position  of  the  eyeball,  and  consequently 
1  to  keep  the  image  of  the  object  under  survey  upon  the  same  part  of  the 
1  retina,  when  the  head  is  inclined  sideways,  or  bowed  towards  one  shoulder 

and  then  towards  the  other.  It  appears  from  the  experiments  of  Dr.  G. 
.  Johnson,  that  the  action  of  the  Oblique  muscles  is  exactly  adapted  to  pro- 
(  duce  such  a  rotation;  the  Inferior  obUque,  in  its  contraction,  causing  the 
t  eyeball  to  move  upon  its  antero-posterior  axis,  in  such  a  manner  that  a 
I  piece  of  paper,  placed  at  the  outer  margin  of  the  cornea,  passes  downwards 

•  This  muscle  is  most  developed  in  Ruminating  animals,  which,  during  their  whole  time  of 
J  feeding,  carry  their  heads  in  a  dejDendent  position.  In  most  Carnivorous  animals,  instead  of 
\  the  complete  hollow  muscular  cone  (the  base  inclosing  the  eyeball,  whilst  the  apex  sur- 
t  rounds  the  optic  nerve,)  which  we  find  in  the  Ruminants,  there  are  four  distinct  strips, 

•  almost  resembling  a  second  set  of  recti  muscles,  but  deep-seated,  and  inserted  into  the  pos- 
t  terior  instead  of  the  anterior  portion  of  the  globe.  It  is  obvious  that  the  actions  of  these 
»  mnst  greatly  affect  the  results  of  any  operations  which  we  may  perform  upon  the  other 
y  muscles  of  the  Orbit ;  and,  as  it  is  impossible  to  divide  the  former,  without  completely 

*  separating  the  eye  from  its  attachments,  we  have  no  means  of  correcting  such  results,  but 
by  reasoning  alone.  Experiments  upon  animals  of  the  order  Quadrumana,  most  nearly 
allied  to  Man,  would  be  more  satisfactory;  as  in  them,  the  retractor  muscle  is  almost  or 
entirely  absent. 

t  "  Cyclopaedia  of  Anatomy  and  Physiology,"  vol.  iii.  p.  7.00. 
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and  then  inwards  towards  the  nose ;  and  the  Superior  oblique  effecting 
precisely  the  reverse  action,  the  paper  at  the  outer  margin  of  tlie  cornea 
passing  first  upwards  and  then  iu  wards.  Tliere  was  not  the  slightest  ap- 
pearance, in  these  experiments,  of  elevation,  depression,  abduction,  or 
adduction,  of  the  cornea,  as  a  result  of  the  action  of  the  Oblique  muscles; 
all  these  movements  being  attributable  to  the  Recti  alone.* 

917.  On  studying  the  Voluntary  movements  of  the  Eyeballs,  we  are 
led  to  perceive  that  they  are  not  so  much  symmetrical  as  harmonious; 
that  is  to  say,  the  corresponding  muscles  on  the  two  sides  ai-e  rarely  in 
action  at  once;  whilst  such  a  harmony  or  consent  exists  between  the 
actions  of  the  muscles  of  the  two  orbits,  that  they  work  to  one  common 
purpose,  namely,  the  direction  of  both  eyes  towards  the  required  object. 
They  may  be  arranged  under  two  groups;  the  first  comprising  those 
which  are  alike  harmonious  and  symmetrical ;  the  second  including  those 
which  arc  harmonious  but  not  symmetrical.  To  the  first  group  belong 
the  following. — 1.  Both  eyeballs  are  elevated,  by  the  contraction  of  the 
two  Superior  Recti. — 2.  Both  eyeballs  are  cle2yressed,  by  the  conjoint 
action  of  the  luferior  Recti  muscles. — 3.  Both  are  di'awn  directly  in- 
wards,  or  inwards  and  downwards,  as  when  we  look  at  an  object  placed 
on  or  near  the  nose;  this  movement  is  effected  by  the  action  of  the 
Internal  Recti  of  the  two  sides,  with  or  without  the  Inferior  Recti.  It  is 
evidently  symmetrical,  but  might  seem  at  first  sight  not  to  be  hai'mo- 
nious,  because  the  eyes  do  not  move  together  towards  one  side  or  the 
other;  it  is,  however,  really  harmonious,  since  their  axes  are  directed 
towards  the  same  point.  + — Now  it  is  to  be  observed,  with  regard  to  these 
movements,  that  we  can  never  effect  them  in  antagonism  with  each 
other,  or  with  those  of  other  muscles.  We  cannot,  for  example,  raise  one 
eye  and  depress  the  other ;  nor  can  we  raise  or  depress  one  eye,  when  we 
adduct  or  abduct  the  other.  The  explanation  of  this  will  be  found  iu  the 
fact,  that  we  can  never,  by  so  doing,  direct  the  eyes  to  the  same  point. — 
The  harmonious  but  unsymmetrical  movements,  forming  the  second  class, 
are  those  in  which  the  Internal  and  External  Recti  of  the  two  sides  are 
made  to  act  together,  either  alone,  or  in  conjunction  with  the  Superior 
and  Inferior  Recti.  They  are  as  follows. — 4.  One  eye  is  made  to  revolve 
directly  imvards,  by  the  action  of  its  Internal  Rectus,  whilst  the  other  is 
turned  outwards  by  the  action  of  its  External  Rectus. — 5.  One  eye  is 
made  to  revolve  upwards  and  inwards,  by  the  conjoint  action  of  the 
Superior  and  Internal  Recti;  the  other,  upwards  and  outwards,  by  the 

*  The  Author  has  been  informed  by  his  friend  Mr.  Bowman,  that  he  has  met  with  two 
cases  of  double  vision,  in  which  the  defect  was  not  experienced  when  the  head  was  held 
erect  or  turned  upon  its  vertical  axis,  but  only  when  it  was  inclined  to  the  one  shoulder  or 
the  other.  Such  a  peculiarity  is  readily  explained  on  the  above  hj'pothesis,  by  the  supposi- 
tion that  one  or  both  of  the  oblique  muscles  of  one  eye  was  paralysed,  so  that  the  normal 
rotation  was  not  performed  on  that  side. 

+  Some  persons  can  effect  this  voluntarily  to  a  greater  extent  than  others ;  but  even  then, 
they  can  only  accomplish  it  by  fixing  the  gaze  upon  some  object  situated  between  the  ej'es; 
and  cannot  call  the  adductor  muscles  into  combined  action  in  perfect  darkness,  or  if  the  hds 
be  closed.  Even  those  who  have  the  least  power  of  effecting  this  extreme  convergence  by  at 
once  directing  the  eyes  towards  a  very  near  object,  can  accomplish  it  by  looking  at  an  object 
placed  at  a  moderate  distance,  and  gradually  bringing  this  nearer  to  the  nose,  keepuig  the 
eyes  steadily  fixed  upon  it.  The  unwonted  character  of  the  movement  is  shown  in  this 
that  it  can  only  be  maintained,  even  for  a  short  time,  by  a  strong  effort,  producing  a  sense  ol 
fiitigue. 
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coujoint  action  of  the  Superior  and  External  Kecti. — 6.  One  eye  is  made 
to  revolve  doivmvards  and  imvards,  by  the  conjoint  action  of  the  Inferior 
and  Internal  Recti;  the  other,  doivmvards  and  oiitwards,  by  the  conjoint 
action  of  the  Inferior  and  External  Recti. — In  these  movements,  two 
different  muscles,  the  External  and  Internal  Recti,  are  called  into  action 
on  the  two  sides,  with  or  without  the  superior  and  inferior  Recti ;  but 
they  ai'e  so  employed  for  the  purpose  of  directing  the  axes  of  the  eyes 
towards  the  same  point  j  and  although,  as  just  noticed,  we  can  put  the 
two  Internal  Recti  in  action  together,  we  cannot  voluntarily  cause  the 
two  External  Recti  to  contract  together,  it  not  being  possible  that  any 
object  should  be  in  such  a  position  as  to  requu-e  this  action  for  the  direc- 
tion of  the  axes  of  the  eyes  towards  it. 

918.  The  greater  number  of  the  foregoing  movements  may  be  per- 
formed even  unconsciously  to  ourselves,  in  obedience  to  a  voluntary  de- 
termination to  keep  the  direction  of  the  eyes  fixed,  instead  of  to  give 
motion  to  the  eyeballs.  Thus,  if  we  gaze  steadily  at  an  object  in  front  of 
us,  and  then  depress  the  head  forwards  on  its  transverse  axis,  the  eyeballs 
roll  upwards  upon  their  transverse  axes  (1)  by  the  action  of  the  Superior 
Recti,  without  our  being  aware  of  it;  so  if,  whilst  still  maintaining  the 
same  fixed  gaze,  we  raise  the  head  into  the  vertical  position  and  then 
depress  it  backwards,  the  eyeballs  are  rolled  downwards  (2)  by  the  action 
of  the  Inferior  Recti ;  if,  under  the  same  conditions,  the  head  be 
made  to  rotate  on  its  vertical  axis  from  side  to  side,  the  eyeballs  will 
be  made  to  roll  on  their  vertical  axes  in  the  contrary  direction,  by  the 
External  and  Internal  Recti  (4)  of  the  two  sides  respectively;  so,  by 
causing  the  head  to  move  obliquely  in  the  opposite  directions,  the  oblique 
movements  (5  and  6)  of  the  eyeballs  are  made  to  take  place  by  the  con- 
tinued fixation  of  the  vision  upon  the  same  object.  To  these  we  have  to 
add  one  more  action,  which  cannot  be  called-forth  in  any  other  mode; 
namely,  that  rotation  of  the  two  eyes  upon  their  antero-posterior  axes, 
which  takes  place,  probably  by  the  instrumentality  of  the  Obhque  muscles, 
when  we  incline  the  head  to  one  side  or  the  other  by  rotating  it  upon  its 
antero-posterior  axis  (§  916).  In  all  these  movements,  as  in  the  pre- 
ceding, the  Will  directs  the  residt;  and  there  is  no  other  difference  be- 
tween them,  than  that  which  arises  out  of  our  consciousness  of  a  change 
in  the  one  case,  and  our  unconsciousness  in  the  other. — The  truly  Invo- 
luntary movements  of  the  eyeballs,  however,  are  performed  under  very 
different  conditions ;  there  being  here  no  purposive  direction  or  fixation 
of  the  gaze;  and  the  muscular  contractions  not  being  determined  by 
visual  sensations,  but  being  called-forth  by  nerve-force  excited  in  some 
remote  part.  Of  this  we  have  an  example  in  the  normal  revolution  of 
both  eyes  upwards  and  inwards,  which  takes  place  in  the  acts  of  cough- 
ing, sneezing,  winking,  &c. ;  but  many  more  abnormal  movements  of  the 
eyeballs,  in  which  there  is  neither  harmony  nor  symmetry,  present  them- 
selves in  convulsive  diseases. 

919.  It  is  a  condition  of  single  and  distinct  vision,  that  the  usual  axes 
of  the  eyes  should  be  directed  towards  the  object,  in  order  that  its 
picture  should  be  thrown  upon  the  parts  of  the  two  retinte  which  are 
accustomed  to  act  together  (§  886) ;  and  that  this  direction  is  afforded  by 
the  visual  sensations  which  govern  the  muscular  movements,  the  result  of 
these  merely  being  determined  by  the  Will,  seems  sufficiently  obvious  from 
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the  considerations  now  stated.  The  following  circumstances,  however, 
afford  additional  confirnaation  of  this  doctrine. — It  is  well  known  that,  in 
childi-en  born  blind,  the  movements  are  not  harmonious ;  they  ai-e  fre- 
quently very  far  from  being  so,  in  cases  of  congenital  cataract,  where  a 
considerable  amount  of  light  is  evidently  admitted,  but  where  no  dis- 
tinct image  can  be  formed;  and  in  such  cases,  the  movements  are  most 
harmonious  where  the  object  is  bright  or  luminous,  and  more  vivid  im- 
pressions are  therefore  made  upon  the  retinae.  It  is  no  objection  to  this 
doctrine  to  say,  that  persons  who  have  become  blind  may  still  move  their 
eyes  in  an  harmonious  manner;  since,  the  habit  of  the  association  of  pai-- 
ticular  movements  having  been  once  acquired,  the  guidance  of  the  muscles 
may  be  effected  by  sensations  derived  from  themselves,  in  the  manner  in 
which  it  takes  place  in  the  laryngeal  movements  of  the  deaf  and  dumb; 
and,  as  a  matter  of  fact,  a  want  of  consent  may  often  be  observed  where 
the  blindness  is  total.  The  peculiar  vacant  appearance,  which  may  be 
noticed  in  the  countenances  of  persons,  completely  deprived  of  sight  by 
amaiu'otic  or  other  affections,  which  do  not  alter  the  external  aspect  of 
the  eyes,  seems  to  result  from  this, — that  their  axes  are  paraZ^e^,  as  if 
the  individual  wei-e  looking  into  distant  space,  instead  of  presenting  that 
slight  convergence,  which  must  always  exist  between  them,  when  the 
eyes  ai'e  fixed  \ipon  a  definite  object.  This  convergence,  which  is  of 
course  regulated  by  the  Internal  Recti,  varies  in  degree  according  to  the 
distance  of  the  object;  and  it  is  astonishing  how  minute  an  alteration  in 
the  axes  of  the  eyes,  is  perceptible  to  a  person  obsei'ving  them.  For 
instance,  A  sees  the  eyes  of  B  directed  towards  his  face,  but  he  perceives 
that  B  is  not  looking  at  him;  he  knows  this  by  a  sort  of  intuitive  inter- 
pretation of  the  fact,  that  his  face  is  not  the  point  of  convergence  of  B's 
eyes.  But  if  B,  who  might  have  been  previously  looking  at  something 
nearer  or  more  remote  than  A's  face,  fix  his  gaze  upon  the  latter,  so 
that  the  degree  of  the  convergence  of  the  axes  is  altered,  without  the 
general  direction  of  the  eyes  being  in  the  least  affected,  the  change  is 
at  once  perceived  by  the  person  so  regarded;  and  the  e^/es  of  the  two 
then  meet. 

920.  The  physiological  principles  which  have  now  been  stated,  have 
an  important  application  in  the  treatment  of  Strabismus  by  operation ;  a 
practice  whose  frequent  want  of  success  is  due  in  great  part  to  the  inju- 
dicious selection  of  cases,  and  to  the  wrong  measures  pursued. — The 
degree  in  which  habit  accustoms  parts  of  the  retinae  that  did  not  origi- 
nally correspond,  to  work  together  harmoniously,  is  remarkably  shown 
by  the  fact,  that  patients  who  have  been  long  affected  with  Convergent 
Strabismus,  and  who  see  equally  well  with  both  eyes  (as  many  do),  ai-e 
not  troubled  with  double  vision.    On  the  other  hand,  when  a  pei-son 
whose  eyes  look  straight  before  him,  is  the  subject  of  a  disorder  which 
renders  their  motions  in  any  degree  irregular,  he  is  at  once  affected  with 
double  vision;  and  the  same  has  been  frequently  noticed  as  an  imme- 
diate residt  of  the  successful  operation  for  the  cure  of  strabismus,  where 
vision  is  good  in  both  eyes.    Although  the  images  were  previously  i 
formed  on  parts  of  the  retinae  which  were  very  far  from  corresponding  j 
with  each  other,  yet  no  sooner  is  the  position  of  the  eyes  rectified  (so| 
that  the  relation  between  the  situation  of  the  images  is  the  same  as  iti 
would  be  in  a  sound  eye),  than  the  patient  sees  double.    Now  in  these 
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cases  the  difficulty  very  speedily  diminishes,  and  the  patient  soon  learns 
to  see  single.  That  there  is  a  greater  tendency  to  consent  between  the 
images,  however,  when  they  are  formed  upon  the  parts  of  the  two  retinae 
which  normally  correspond,  may  be  freely  admitted ;  and  this  seems  to 
be  .  a  principle  of  some  importance  in  determining  the  re-adjustment  of 
the  eyes,  after  the  operation  for  Strabismus.  This  re-adjustment  is  not 
always  immediate ;  for  after  the  muscle  has  been  freely  divided,  the  eye 
often  remains  somewhat  inverted  for  a  few  days,  gradually  acquiring  its 
straight  position.  The  Author  has  known  one  case,  in  which,  after  such 
a  degree  of  temporary  inversion  as  seemed  to  render  the  success  of  the 
operation  very  doubtful,  eversion  actually  took  place  for  a  short  time  to 
a  considerable  extent;  after  which  the  axes  became  parallel,  and  have 
I'emaiued  so  ever  since. — Another  argument,  derived  from  the  results  of 
this  operation,  in  favom-  of  the  consensual  movement  being  chiefly  regu- 
lated by  the  correspondence  in  the  seats  of  the  impressions  on  the  two 
retinae,  is,  that  it  is  much  more  successful  in  those  cases  in  which  the 
sight  of  the  most  displaced  eye  is  good,  than  in  those  in  which  (as  not 
unfrequently  happens  from  long  disuse)  it  is  much  impaired.  In  cases 
of  the  latter  class,  the  cure  is  seldom  complete.  There  is  another  curious 
fact,  which  may  be  adverted  to  in  reference  to  this  subject :  Strabismus 
not  unfrequently  arises  from  the  presence  of  an  opaque  spot  on  the 
centre  of  the  cornea,  which  prevents  the  formation  of  any  images  on  the 
retina,  except  by  the  oblique  rays ;  and  nature  seems  to  endeavour  (so  to 
speak)  to  repair  the  mischief,  by  causing  the  eye  to  assume  the  position 
most  favoiu'able  for  the  reception  of  these.* 

*  In  reference  to  this  subject  the  Author  would  add  that  he  is  well  convinced,  from 
repeated  observation,  that  those  Surgeons  are  in  the  right,  who  have  maintained  that,  in  a 
large  proportion  of  cases,  strabismus  is  caused  by  an  affection  of  both  sets  of  muscles  or 
nerves,  and  not  of  one  only  ;  and  that  it  then  requires,  ftfr  it»  perfect  cure,  the  division  of  the 
corresponding  muscle  on  both  sides.  Cases  will  be  frequently  met  with,  in  which  this  is 
evident;  the  two  eyes  being  employed  to  nearly  the  same  extent,  and  the  patient  giving  to 
both  a  slight  inward  direction,  when  desired  to  look  straight  forwards.  In  general,  however, 
one  eye  usually  looks  straight  forwards,  whilst  the  other  is  greatly  inverted;  and  the  sight  of 
the  inverted  eye  is  frequently  affected  to  a  considerable  degree  by  disuse ;  so  that,  when 
the  patient  voluntarily  rotates  it  into  its  proper  axis,  his  vision  with  it  is  far  from  being 
distinct.  Some  Surgeons  have  maintained,  that  the  inverted  eye  is  usually  the  only  one  in 
fault,  and  consider  that  the  division  of  the  tendon  of  its  Internal  Rectus  is  sufficient  for  the 
cure.  They  would  even  divide  its  other  tendons,  if  the  parallelism  be  not  restored,  rather 
than  touch  the  other  eye.  The  Author  is  himself  satisfied,  however,  that  the  restriction  of 
the  abnormal  state  to  a  single  eye,  is  the  exception,  and  not  the  rule,  in  all  but  very  slight 
cases  of  strabismus ;  and  to  this  opinion  he  is  led  both  by  the  consideration  of  the  mode  in 
which  strabismus  first  takes  place,  and  by  the  results  of  the  operations  which  have  come 
under  his  notice.  If  the  eyes  of  an  infant  affected  with  cerebral  disease  be  watched,  there 
will  frequently  be  observed  in  them  very  irregular  movements ;  the  axes  of  the  two  being 
sometimes  extremely  convergent,  and  then  very  divergent.  This  irregularity  is  rarely  or 
never  seen  to  be  confined  to  one  eye.  Now,  in  a  large  proportion  of  cases  of  Strabismus,  the 
nrmlady  is  a  consequence  of  some  cerebral  affection  during  infancy  or  childhood,  which  we  can 
scarcely  suppose  to  have  affected  one  eye  only.  Again,  in  other  instances  we  find  the  Stra- 
bismus to  have  resulted  from  the  constant  direction  of  the  eyes  to  very  near  objects,  as  in 
short-sighted  persons ;  and  here,  too,  the  cause  manifestly  affects  both. — Now  it  is  easy  to 
understand,  why  one  eye  of  the  patient  should  appear  to  be  in  its  natural  position,  whilst 
the  other  is  greatly  inverted.  The  cause  of  strabismus  usually  affects  the  two  eyes  some- 
what unequally,  so  that  one  is  much  more  inverted  than  the  other.  We  will  call  the  least 
inverted  eye  A,  and  the  other  B.  In  the  ordinary  acts  of  vision,  the  patient  will  make  most 
use  of  the  least  inverted  eye,  A,  because  he  can  most  readily  look  straight  forwards  or  out- 
wards with  it ;  but  to  bring  it  into  the  axis,  or  to  rotate  it  outwards,  necessitates  a  still  more 
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3.  Energy  and  Rapidity  of  Muscular  Contraction. 

921.  The  energy  of  Muscular  contraction  is  of  course  to  be  most 
remarkably  observed  in  those  instances  in  which  the  continixal  exercise  of 
particular  parts  has  occasioned  an  increased  determination  of  blood 
towards  them,  and  in  consequence  a  permanent  augmentation  in  their 
bulk.    This  has  been  the  case,  for  example,  with  persons  who  have  gained 
their  livelihood  by  exhibiting  feats  of  strength.     Much  will,  of  course, 
depend  on  the  mechanically-advantageous  application  of  muscular  power; 
and  in  this  manner,  effects  may  be  produced,  even  by  persons  of  ordinaiy 
strength,  which  would  not  have  been  thought  credible.     In  hftiug  a 
heavy  weight  in  each  hand,  for  example,  a  person  who  keeps  his  back 
perfectly  rigid,  so  as  to  throw  the  pressure  vertically  upon  the  pelvis,  and 
only  uses  the  powerful  extensors  of  the  thigh  and  calf,  by  straightening 
the  knees  (previously  somewhat  flexed),  and  bringing  the  leg  to  a  right 
angle  with  the  foot,  will  have  a  great  advantage  over  one  who  uses  his 
lumbar  muscles  for  the  pui*pose.   A  still  greater  advantage  will  be  gained, 
by  tlirowing  the  weight  more  directly  upon  the  loins,  by  means  of  a  sort 
of  girdle,  shaped  so  as  to  rest  upon  the  top  of  the  sacrum  and  the  ridges 
of  the  ilia ;  and  by  pressing  with  the  hands  upon  a  frame,  so  an-anged  as 
to  bring  the  muscles  of  the  arms  to  the  assistance  of  those  of  the  legs  :  in 
this  manner,  a  single  Man,  of  ordinary  strength,  may  raise  a  weight  of 
2000  lbs. ;  whilst  few  who  are  unaccustomed  to  such  exertions,  can  hffc 
more  than  300  lbs.  in  the  ordinary  mode.     A  man  of  great  natural 
sti-eugth,  however,  has  been  known  to  lift  800  lbs.  with  his  hands ;  and 
the  same  individual  performed  several  other  curious  feats  of  strength, 
which  seem  deserving  of  being  here  noticed.    "1.  By  the  strength  of  his 
fingers,  he  rolled  up  a  very  large  and  strong  pewter  dish.    2.  He  broke 
several  short  and  strong  pieces  of  tobacco-pipe,  with  the  force  of  his 
middle  finger,  having  laid  them  on  the  first  and  third  finger.    3.  Having 
thi-ust  in  under  his  garter  the  bowl  of  a  strong  tobacco-pipe,  his  legs 
being  bent,  he  broke  it  to  pieces  by  the  tendons  of  his  hams,  without 

decided  inversion  of  B.  This  remains  the  position  of  things, — the  patient  usually  looking 
straiglit  forwards  with  A,  which  is  the  eye  constantly  employed  for  the  purposes  of  vision, — 
and  frequently  almost  burying  under  the  inner  canthus  the  other  eye,  B,  the  vision  in  which 
is  of  very  little  use  to  him.  When,  therefore,  the  tendon  of  the  internal  rectus  of  B  is 
divided,  the  relative  position  of  the  two  is  not  entirely  rectified.  Sometimes  it  appears  to  be 
so  for  a  time  ;  but  the  strabismus  then  begins  to  return,  and  it  can  only  be  checked  by  divi- 
sion of  the  tendon  of  the  other  eye,  A ;  after  which,  the  cure  is  generally  complete  and  per- 
manent. That  it  has  not  been  so,  in  many  of  the  patients  on  whom  operations  have  been 
performed,  the  Author  attributes,  without  the  slightest  doubt  in  his  own  mind,  to  the  neglect 
of  the  second  operation.  As  just  now  stated,  the  sight  of  the  most  inverted  eye  is  frequently 
very  imperfect ;  indeed  it  is  sometimes  impaired  to  such  an  extent,  that  the  patients  speak  of 
it  as  entirely  useless.  That  this  impairment  results  in  part  from  disuse  merely,  seems  W17 
evident,  from  the  great  improvement  which  often  succeeds  the  rectification  of  the  axes.  The 
Author  cannot  help  thinking  it  probable,  however,  that  the  same  cause  which  produced  the 
distortion  of  the  eye  may,  in  some  instances  at  least,  have  affected  the  Optic  nerve,  as  well 
as  the  Motor  nerves  of  the  orbit ;  and  this  idea  seems  borne  out  by  the  asserted  restoration 
of  sight,  in  certain  cases  of  Amaiirosis,  by  division  of  one  or  more  tendons,  where  no  Strabis- 
mus previously  existed  (See  Adams  "  On  Muscular  Amaurosis")— A  valuable  memoir  on 
the  Operation  for  Strabismus,  founded  on  the  results  of  about  1000  cases,  will  be  w"""!,'" 
the  "  Philadelphia  Medical  Examiner,"  vol.  vii.,  and  an  abstract  of  it  in  the  "  Brit,  and  I'oi. 
Med.-Chir.  Review,"  July,  1852,  p.  262. 
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altering  the  bending  of  the  knee,  4.  He  broke  such  another  bowl 
between  his  first  and  second  fingers,  by  pressing  them  together  sideways. 
5.  He  Hfted  a  table  six  feet  long,  which  had  half  a  hundred-weight 
hanging  at  the  end  of  it,  with  his  teeth,  and  held  it  in  that  position  for  a 
considerable  time.  It  is  true,  the  feet  of  the  table  rested  against  his 
knees  j  but,  as  the .  length  of  the  table  was  much  greater  than  its  height, 
that  performance  required  a  great  strength  to  be  exerted  by  the  muscles 
of  his  loins,  neck,  and  jaws.  6.  He  took  an  iron  kitchen  poker,  about  a 
yard  long,  and  three  inches  in  circumference,  and,  holding  it  in  his  right 
hand,  he  struck  it  on  his  bare  left  arm  between  the  elbow  and  the  wrist, 
till  he  bent  the  poker  nearly  to  a  right  angle.  7.  He  took  such  another 
poker,  and,  holding  the  ends  of  it  in  his  hands,  and  the  middle  of  it 
against  the  back  of  his  neck,  he  brought  both  ends  of  it  together  before 
him ;  and,  what  was  yet  more  difficult,  he  pulled  it  straight  again."  * 
Haller  mentions  an  instance  of  a  man,  who  could  raise  a  weight  of 
300  lbs.,  by  the  action  of  the  elevator  muscles  of  his  jaw  :  and  that  of 
a  slender  girl,  affected  vnth  tetanic  spasm,  in  whom  the  extensor  muscles 
of  the  back,  in  the  state  of  tonic  contraction  or  opisthotonos,  resisted  a 
weight  of  800  lbs.,  laid  on  the  abdomen  with  the  absurd  intention  of 
straightening  the  body.  It  is  to  be  recollected,  that  the  mechanical 
application  of  the  power  developed  by  musculai*  contraction,  to  the  move- 
ment of  the  body,  is  very  commonly  disadvantageous  as  regards  force  ; 
being  designed  to  cause  the  part  moved  to  pass  over  a  much  greater 
space  than  that  through  which  the  muscle  contracts.  Thus  the  Temporal 
muscle  is  attached  to  the  lower  jaw,  at  about  one-third  of  the  distance 
between  the  condyle  and  the  incisors ;  so  that  a  shortening  of  the  muscle 
to  the  amount  of  half  an  inch,  will  di-aw  up  the  front  of  the  jaw  through 
an  inch  and  a  half ;  but  a  power  of  900  lbs.  applied  by  the  muscle,  would 
be  required  to  raise  300  lbs.  bearing  on  the  incisors.  In  the  case  of 
the  fore-arm  and  leg,  the  disproportion  is  much  greater;  the  points  of 
attachment  of  the  muscles,  by  which  the  knee  and  elbow-joints  are  flexed 
and  extended,  being  much  closer  to  the  fulcrum,  in  comparison  with  the 
distance  of  the  points  on  which  the  resistance  bears. 

922.  The  rapidity  of  the  changes  of  position  of  the  component  particles 
of  muscular  fibres,  may,  as  Dr.  Alison  justly  remarks,t  be  estimated, 
though  it  can  hardly  be  conceived,  from  various  well-known  facts.  The 
pulsations  of  the  heart  can  sometimes  be  distinctly  numbered  in  children, 
at  more  than  200  in  the  minute;  and  as  each  contraction  of  the  ventri- 
cles occupies  only  one-third  of  the  time  of  the  whole  pulsation,  it  must 

*  "  Desaguliers'  Philosophy,"  vol.  ii. — The  energy  of  muscular  contraction  appears  to  be 
greater  in  Insects,  in  proportion  to  their  size,  than  it  is  in  any  other  animals.  Thus  a  Flea 
has  been  known  to  leap  sixty  times  its  own  length,  and  to  move  as  many  times  its  own 
weight.  The  short-limbed  Beetles,  however,  which  inhabit  the  ground,  manifest  the  greatest 
degree  of  muscular  power.  The  Lucanus  cervus  (Stag  Beetle)  has  been  known  to  gnaw  a 
hole  of  an  inch  in  diameter,  in  the  side  of  an  iron  canister  in  which  it  had  been  confined. 
The  O'eotrupes  stercorarius  (Dung  or  shard-bom  Beetle)  can  support  uninjured,  and  even 
elevate,  a  weight  equal  to  at  least  500  times  that  of  its  body.  And  a  small  Cambus  has 
been  seen  to  draw  a  weight  of  85  grains  (about  24  times  that  of  its  body)  up  a  plane  of  25°; 
and  a  weight  of  125  grains  (30"  times  that  of  its  body)  up  a  plane  of  5°;  and  in  both  these 
instances  the  friction  was  considerable,  the  weights  being  simply  laid  upon  a  piece  of  paper, 
to  which  the  insect  was  attached  by  a  string. 

t  "  Cyclopaedia  of  Anatomy  and  Physiology,"  Art.  '  Contractility.' 
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be  accomplished  in  l-600th  of  a  minute,  or  1-1 0th  of  a  second.  Again, 
it  is  certain  that,  by  the  movements  of  the  tongue  and  other  organs  of 
speech,  1.500  letters  can  be  distinctly  pronounced  by  some  persons  in  a 
minute  :  each  of  these  must  requii'e  a  separate  contraction  of  muscular 
fibres ;  and  the  production  and  cessation  of  each  of  the  sounds,  implies 
that  each  sepai'ate  contraction  must  be  followed  by  a  relaxation  of  equal 
length  ;  each  contraction,  therefore,  must  have  been  effected  in  l-3000th 
part  of  a  minute,  or  in  1-5 0th  of  a  second.    Haller  calculated  that,  in  the 
limbs  of  a  dog  at  fiill  speed,  muscular  contractions  must  take  place  in 
less  than  the  1-2  00th  of  a  second,  for  many  minutes  at  least  in  succession. 
— All  these  instances,  however,  are  thrown  into  the  shade,  by  those  which 
may  be  drawn  from  the  class  of  Insects.    The  rapidity  of  the  vibrations 
of  the  wings  maybe  estimated  from  the  musical  tone  which  they  produce; 
it  being  easily  ascertained  by  experiments,  w^hat  number  of  vibrations 
are  required  to  produce  any  note  in  the  scale  (§  908).    From  these  data,  it 
appears  to  be  the  necessary  result,  that  the  wings  of  many  Insects  strike 
the  air  many  hundred,  or  even  many  thousand,  times  in  eveiy  second. — 
The  minute  precision  with  which  the  degree  of  muscular  contraction  can 
be  adapted  to  the  designed  effect,  is  in  no  instance  moi'e  remarkable  than 
in  the  Glottis.    The  musical  pitch  of  the  tones  produced  by  it,  is  regu- 
lated by  the  degree  of  tension  of  the  chordoe  vocales,  which  are  possessed 
of  a  very  considerable  degree  of  elasticity  (§  928).     According  to  the 
observations  of  Muller,*  the  average  length  of  these,  in  the  male,  in  a 
state  of  repose,  is  about  73-lOOths  of  an  inch;  whilst,  in  the  state  of 
greatest  tension  it  is  about  93-lOOths;  the  difference  being  therefore 
20-lOOths,  or  one-fifth  of  an  inch  :  in  the  female  glottis,  the  average 
dimensions  are  about  51-lOOths,  and  63-lOOths  respectively;  the  differ- 
ence being  thus  about  one-eighth  of  an  inch.     Now  the  natural  compass 
of  the  voice,  in  most  persons  who  have  cultivated  the  vocal  organ,  may 
be  stated  at  about  two  octaves,  or  24  semitones.    Within  each  semitone, 
a  singer  of  ordinary  capability  could  produce  at  least  ten  distinct  inter- 
vals; so  that  of  the  total  number,  240  is  a  very  moderate  estimate. 
There  must,  therefore,  be  at  least  240  different  states  of  tension  of  the 
vocal  cords,  every  one  of  which  is  producible  by  the  will,  without  any 
previous  trial ;  and  the  whole  variation  in  the  length  of  the  cords  being 
not  more  than  one-fifth  of  an  inch,  even  in  man,  the  variation  required  to 
pass  from  one  interval  to  another,  will  not  be  more  than  1-1 2  00th  of  an 
inch.    And  yet  this  estimate  is  much  below  that,  which  might  be  truly 
made  from  the  performances  of  a  practised  vocalist,  t 


4.  Of  the  Influence  of  Expectant  Attention  on  Muscular  Movements. 

923.  There  is  a  very  curious  group  of  involuntaiy  muscular  movements, 
not  yet  specially  considered,  which  may  be  ranked  imder  the  general 
category  of  ideo-motor  actions ;  being  induced  by  the  state  of  expectant 

*  "  Elements  of  Physiology,"  Baly's  translation,  p.  1018. 

+  It  is  said  that  the  celebrated  Made.  Mara  was  able  to  sound  100  different  intervals 
between  each  tone.  The  compass  of  her  voice  was  at  least  three  octaves,  or  21  tones; 
so  that  the  total  number  of  intervals  was  2100,  all  comprised  within  an  extreme  variation 
of  one-eighth  of  an  inch;  so  that  it  might  be  said  that  she  was  able  to  determine  the 
contractions  of  her  vocal  muscles  to  nearly  the  seventeen-thousandth  of  an  inch. 
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tention,  in  which  the  mind  is  fully  possessed  with  the  idea  that  a  certain 
•tiou  will  take  place,  and  is  eagerly  looking-out  for  its  occurrence.  Such 
wements  are  well  known  to  occiu'  in  the  muscles  connected  with  the 
2,-anic  functions,  and  ai'e  among  the  means  by  which  important  modifi- 
tions  ai*e  produced  in  those  functions  by  the  direction  of  the  mind  to 
'>m.  Thus,  as  Dr.  Holland  has  remarked,  "the  action  of  the  heart  is 
ten  quickened  or  otherwise  disturbed  by  the  mere  centring  the  con- 
iousness  upon  it,  without  any  emotion  or  anxiety.    On  occasions  where 

beats  are  audible,  observation  will  give  proof  of  this,  or  the  physician 
a  very  often  infer  it  while  feeling  the  pulse  j  and  where  there  is  liability 
.  irregular  pulsation,  such  action  is  seemingly  brought  on,  or  increased, 

the  effort  of  attention,  even  though  no  obvious  emotion  be  present." 
The  same  may  be  said  of  the  parts  concerned  in  respiration.  If  this 
•t  be  expressly  made  the  subject  of  consciousness,  it  will  be  felt  to 
idergo  some  change  ;  generally  to  be  retarded  at  first,  and  afterwards 
lickened."  "  The  act  of  swallowing,  again,  becomes  manifestly  embar- 
ssed,  and  is  made  more  difficult  by  the  attention  fixed  upon  it  when 
le  morsel  to  be  swallowed  comes  into  contact  with  the  part."*  And 
lere  can  be  no  doubt  that  the  movements  of  the  lower  part  of  the 
imentary  canal  are  capable  of  being  affected  in  a  similar  manner,  since  ' 
e  may  frequently  trace  the  rapid  descent  of  the  fsecal  mass  into  the 
'ctum,  when  we  expect  to  be  shortly  able  to  discharge  it ;  and  it  is  in 
reat  part  in  this  mode,  that  habit  operates,  in  producing  a  readiness  for 
■fecation  at  particular  times,  and  that  bread-pills  and  other  supposi- 
ious  purgatives  unload  the  bowels,  t 

924.  But  it  is  with  the  involuntary  movements  produced  by  the  same 
ency  in  the  muscles  ordinarily  accounted  voluntary,  that  we  are  at 
resent  especially  concerned.  This  is  a  very  curious  subject  of  inquiry,  and 
le  to  which  adequate  attention  has  scarcely  yet  been  given ;  the  pheno- 
lena  which  are  referable  to  the  principle  of  atition  just  enunciated, 
1  ving  been  very  commonly  explained  by  the  agency  of  some  other  force. 

*  See  Dr.  Holland's  "  Chapters  on  Mental  Physiology,"  pp.  16-19. 

t  The  Author  may  mention  the  two  following  cases,  which  have  fallen  within  his  own 
nowledge,  as  curious  illustrations  of  tlie  influence  of  mental  states  upon  the  movements  of  the 
'iraentary  canal. — The  first  of  these  occurred  in  the  person  of  a  literary  man,  of  a  some- 
hat  hypochondriacal  temperament,  who  had  been  troubled  with  continual  costiveness,  for 
hich  he  had  been  accustomed  to  take  an  aperient  pill  daily.    Finding  that  this  ceased  to 
ave  its  usual  effect,  and  being  fearful  of  increasing  his  regular  dose,  he  applied  for  advice  to 
practitioner,  who,  having  had  former  experience  of  what  mental  agency  alone  would  do, 
'  termined  to  try  its  effect  in  this  instance.    Seating  his  patient  before  him,  with  the  abdo- 
■n  uncovered,  he  desired  him  to  fix  his  attention  intently  upon  his  abdominal  sensations, 
nd  assured  him  that  in  a  short  time  he  was  quite  certain  that  he  would  begin  to  feel  a 
lovement  in  his  bowels,  which  would  end  in  a  copious  evacuation.    He  himself  did  nothing 
lit  look  steadily  at  his  patient,  with  an  air  of  great  determination  and  confidence,  and  point 
is  finger  at  the  abdomen,  moving  it  along  the  arch  of  the  colon,  and  (as  it  were)  in  the 
f'urse  of  the  convolutions  of  the  small  intestines,  so  as  to  aid  the  patient  in  fixing  his  atten- 
i'ln  upon  them.    In  a  short  time  the  expected  movements  were  felt,  and  a  copious  evacua- 
lon  soon  followed  ;  and  for  some  time  afterwards,  the  bowels  continued  to  act  freely  without 
■dicine. — In  the  other  case,  a  Lecturer  at  a  public  Institution  was  seized  with  a  strong 
I  pulse  to  defecation  during  his  lecture  ;  and  was  greatly  inconvenienced  by  the  effort  neces- 
■7  to  restrain  it.    Before  every  subsequent  lecture  in  the  same  place,  the  same  impulse 
turned  upon  him,  notwithstanding  that  he  might  have  previously  unloaded  his  bowels  elsc- 
'lere.    In  this  case,  there  was  obviously  a  state  of  apprehension  combined  with  the  simple 
i  ticipation  ;  but  the  influence  of  the  latter  is  shown  by  the  fact,  that  in  no  other  place  did 
'lis  individual  expei-icnce  the  impulse  in  question  under  the  like  circumstances. 
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Thus,  if  a  button  or  ring  be  suspended  from  the  end  of  the  finger  or  thumb 
in  such  a  position  that,  when  sliglitly  oscillating,  it  shall  strike  against 
a  glass  tumbler,  it  has  been  affirmed  by  many  who  have  made  the  ex- 
periment, that  the  button  continues  to  swing  with  gi-eat  regailarity,  strit 
ing  the  glass  at  tolerably  regular  intervals,  until  it  has  sounded  the  hour 
of  the  day,  after  which  it  ceases  for  a  time  to  swing  far  enough  to  make 
another  stroke.  This  certainly  does  come  to  pass,  in  many  instances,  with- 
out any  intention  on  the  part  of  the  performer  ;  who  may,  in  fact,  be  doin 
all  in  his  power  to  keep  his  hand  perfectly  stationary.  Now  it  is  impossible, 
by  any  voluntary  effort,  to  keep  the  hand  absolutely  still,  for  any  length 
of  time,  in  the  position  required;  an  involuntary  tremidousness  is  alway 
obsei-vable  in  the  suspended  body;  and  if  the  attention  be  fixed  upon  the 
part,  with  the  expectation  that  the  vibrations  will  take  a  determinate 
direction,  they  are  very  likely  to  do  so.*    Their  persistence  in  this  dire 
tion,  however,  only  takes  place  so  long  as  tliey  are  gtiided  by  the  visual  s 
sations  ;  a  fact  which  at  once  points  to  the  real  sj)ring  of  their  perform 
auce.    When  the  performer  is  impressed  with  the  conviction  that  th 
hour  will  be  thus  indicated,  the  result  is  very  likely  to  happen;  an 
when  it  has  once  occurred,  his  confidence  is  sufficiently  established 
make  its  recm-rence  a  matter  of  tolerable  certainty.    On  the  other  ban 
the  experiment  seldom  succeeds  with  sceptical  subjects;  the  expectaa 
idea  not  having  in  them  the  requisite  potency.    That  it  is  through  th 
mind  that  these  movements  are  regulated,  however  involuntarily,  appear 
evident  from  these  two  considerations;  first,  that  if  the  performer  b 
entirely  ignorant  of  the  hour,  the  strokes  on  the  glass  do  not  indicate  i 
niunber,  except  by  a  casual  coincidence;  and  second,  that  the  division  o 
the  entire  period  of  the  earth's  rotation  into  twenty-four  hours,  and  th 
very  nomenclature  of  these  hours,  being  entirely  arbitrary  and  conven 
tional,  cannot  be  imagined  to  operate  in  any  other  mode.t    These  phen 
mena,  in  which  no  hy|)othetical  'odylic'  or  other  concealed  agency  can  b 
reasonably  supposed  to  ojDerate,  are  here  alluded-to  only  for  the  sake  o 
illustrating  those  next  to  be  described,  which  have  been  imagined  to  prov 
the  existence  of  a  new  force  in  Nature. — If  "  a  fragment  of  anything,  o 
any  shape,"  be  suspended  from  the  end  of  the  fore-finger  or  thumb,  an( 
the  attention  be  intently  fixed  upon  it,  regular  oscillations  will  be  fi'c 
quently  seen  to  take  place  in  it ;  and  if  changes  of  various  kinds  be  made 
in  the  conditions  of  the  experiment,  by  placing  bodies  of  different  sort;- 
beneath  the  pendulum,  or  by  the  contact  of  different  persons  or  thiug> 
with  the  person  of  the  suspender,  corresponding  changes  in  the  direction 
of  the  movements  will  very  commonly  take  place.  J    Now  this  will  occui'. 
notwithstanding  the  strong  desire  of  the  experimenter  to  maintain  a  com 

*  This  was  long  since  pointed  out  by  M.  Chevreiil,  who  investigated  the  subject  in  a  trul.\ 
philosophic  spirit.  See  his  letter  to  M.  Ampere,  in  the  "  Dublin  Journal  of  Medical  am 
Chemical  Science,"  vol.  iv. 

+  For  instance,  the  button  which  strikes  eleveii  at  night  in  London,  should  strike  twem;/ 
three  in  Rome,  where  the  cycle  of  hours  is  continued  through  the  whole  twenty-four  hours: 
and  if  an  Act  of  Parliament  were  to  introduce  the  Italian  horary  arrangement  into  tlin 
country,  all  the  swinging  buttons  in  her  Majesty's  dominions  would  have  to  add  twelve  ti 
their  number  of  post-meridiem  strokes ;  all  which  would  doubtless  come  to  pass,  a  tlu 
experimenters'  faith  in  the  result  were  sufficiently  strong.  . 

X  See  Dr.  H.  Mayo  on  "  The  Truths  contained  in  Popular  Superstitious,"  3rd  edition 
Letter  xii. 
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ote  immobility  in  the  suspending  finger ;  but  it  is  very  easily  proved 
Kit  the  movements  are  guided  by  his  visual  sensations,  and  that  the 
ipulse  to  them  is  entirely  derived  from  his  expectation  of  a  given  result. 
ov,  if  he  close  his  eyes,  or  withdraw  them  from  the  vibrating  body,  its 
^cillations  (as  in  the  previous  case)  immediately  lose  their  constancy; 
■mifestly  proving  that  the  influence  which  directs  them  acts  through  his 
lusciousness.  And,  again,  if  he  be  ignorant  of  the  change  which  is  made 
1  the  conditions  of  the  experiment,  and  should  expect  or  guess  some- 
ling  different  from  that  which  really  exists,  the  movement  will  be  in 
eordance  with  his  idea,  not  v^ith.  the  reality.* — Thus,  then,  we  have  here 

most  distinct  proof  that  a  state  of  mind  exists,  which  is  neither  voli- 
onal  nor  emotional,  but  which  consists  in  the  complete  engrossment  of 
lie  attention  by  a  fixed  idea,  whereby  definite  muscular  movements  are  pro- 
iiced,  in  spite  of  a  determined  exertion  of  the  Will.  The  Will  is  con- 
rned,  however,  in  the  induction  of  the  mental  state  in  question,  by  the 
xation  of  the  attention  on  the  oscillating  body ;  and  it  is  only  in  those 
uli\aduals  who  possess  the  power  of  voluntary  abstraction  (§  823)  to  a 
aisiderable  extent,  that  the  experiment  is  likely  to  succeed.  It  is 
jiircely  necessaiy  to  add,  that  as  faith  in  its  results  is  essential  to  their 
roduction,  those  who  are  acquainted  with  the  mode  in  which  they  are 
-ally  brought  about,  are  not  likely  to  be  good  subjects  for  it. 

925.  It  is  doubtless  on  the  very  same  physiological  principle,  that  we 
le  to  explain  the  mysterious  phenomena  of  the  '  Divining-Rod,'  which 
;ve  been  accepted  as  true,  or  rejected  as  altogether  fabulous,  according 

the  previous  habits  of  thought  of  those  who  have  given  their  attention 

the  subject.  -  Now  that  the  end  of  a  hazel-fork,  whose  limbs  are 
t  cisped  firmly  in  the  hands  of  a  person  whose  good  faith  can  scarcely  be 
'ubted,  fi-equently  points  upwards  or  downwards  without  any  inten- 
lual  direction  on  his  part,  and  often  thus  moves  when  there  is  metal  or 
;iter  beneath  the  surface  of  the  ground  at  Cr  near  the  spot,  is  a  fact 
hich  is  vouched-for  by  such  testimony  that  we  have  scarcely  a  right  to 
ject  it;  and  when  we  come  to  examine  into  the  conditions  of  the  occur- 
uce,  we  shall  find  that  they  are  such  as  justify  us  in  attributing  it  to 
state  of  expectant  attention,  which  (as  we  have  seen)  is  fully  compe- 
ut  to  induce  muscular  movement.     For,  in  the  first  place,  as  not  above 
ue  individual  in  forty,  even  in  the  localities  where  the  virtues  of  the 

*  A  most  remarkable  and  convincing  exemplification  of  this  fact,  is  afforded  by  Dr.  Henry 
ladden's  experiments  with  Mr.  Rutter's  "  Magnetometer,"  at  Brighton,  as  detailed  in  the 
Lancet"  for  Nov.  15,  1851. — Dr.  Madden  had  satisfied  himself,  in  the  first  instance,  that 
vibrations  of  the  suspended  body  were  affected  by  the  reception,  into  his  other  hand,  of 
nioeopathic  globules,  whose  differences  of  composition  were  indicated  by  corresponding 
■inges  in  the  direction  of  the  oscillations.    But  having  been  led  to  re-examine  the  question, 
ml  to  apply  that  test  which  he  ought  to  have  employed  from  the  first, — namely,  to  have 
•irious  globules  put  into  his  hand,  without  being  himself  made  aware  of  their  composition, — 
found  that  the  results  entirely  lost  their  previous  constancy,  which  was  thus  evidently  due 
liis  expectation  of  a  particular  movement  in  each  case.    It  is  a  manifestation  of  the  very 
■  perfect  analysis  which  is  commonly  made  of  such  phenomena,  that,  from  the  moment  when 
I'  y  are  found  referable  to  a  physiological  principle,  instead  of  demonstrating  (as  they  were 
'irst  supposed  to  do)  the  existence  of  a  new  force,  they  seem  to  lose  all  their  interest  for 
^e  who  had  previously  watched  them  with  eagerness,  and  to  be  set  down  as  illusory,  or  aa 
product  of  the  "  imagination     notwithstanding  that  they  are  as  real  in  tlie  one  case  as  in 
other,  and  are  not  in  any  degree  less  curious  and  interesting  when  considered  under  the 
iiier  aspect,  than  when  viewed  in  the  latter. 
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divining-rod  are  still  held  as  an  article  of  faith,  is  found  to  succeed  in  th, 
performance  of  this  experiment,  it  is  obvious  that  the  agency,  whatevei 
be  its  nature,  which  produces  the  deflections,  must  operate  by  affecti. 
the  holder  of  the  rod,  and  not  by  attracting  or  repelling  the  rod  itsa 
And  when  experiments  are  carefully  made  with  the  view  of  determini' 
the  nature  of  this  agency,  they  are  found  to  indicate  most  clearly  th^ 
the  state  of  expectant  attention,  induced  by  the  anticipation  of  certai 
results,  is  fully  competent  to  produce  them.  For  the  mere  act  of  holdi] 
the  rod  for  some  time  in  the  required  position,  and  of  attending  to 
indications,  is  sufficient  to  produce  a  tendency  to  spasmodic  contractioi 
in  the  grasping  muscles,  notwithstanding  a  strong  effort  of  the  will  to  tli( 
contrary;  and  when,  by  such  contractions,  the  limbs  of  the  fork  ar( 
made  to  approximate  towards  or  to  separate  from  each  other,  the  point  o 
the  fork  will  be  caused  to  move  either  upwards  or  downwards,  according 
to  the  position  in  which  it  is  held.  If,  when  the  muscles  have  this  ten 
dency  to  contract,  occasioned  by  their  continued  restraint  in  one  position 
the  mind  be  possessed  with  tlae  expectation  that  a  certain  movement  wil 
ensue,  that  movement  will  actually  take  place,  even  though  a  stron 
effort  may  be  made  by  the  Will  to  prevent  any  change  in  the  conditio! 
of  the  muscles.  And  a  sufficient  ground  for  such  exjDectation  exists,  o: 
the  part  of  those  who  are  possessed  with  the  idea  of  the  peculiar  powe: 
of  the  divining-rod,  in  the  belief,  or  even  in  the  surmise,  that  water  o: 
metal  may  be  beneath  particiilar  points  of  the  surface  over  which  thej 
pass.* — Until,  therefore,  it  shall  have  been  proved  by  an  extended  coursi 

*  This  was  admitted  even  by  Dr.  H.  Mayo,  notwithstanding  his  belief  in  the  existence  ( 
an  '  Od-force,'  governing  the  movements  of  the  divining-rod.  For  he  found  in  the  course  c 
liis  experiments,  that  when  his  '  diviner'  knew  which  way  he  expected  the  fork  to  move,  i 
invariably  answered  his  expectations ;  but  when  he  had  the  man  blindfolded,  the  resull 
were  uncertain  and  contradictory.  Hence  he  became  certain  that  several  of  those  in  whoi 
hands  the  divining-rod  moves,  set  it  in  motion,  and  direct  its  motion  (however  unintention 
ally  and  unconsciously)  by  the  pressure  of  their  fingers,  and  by  carrying  their  hands  nearer-t 
or  apart-from  each  other.  (See  his  Letters  "  On  the  Truths  contained  in  Popular  Supersti 
tions,"  Letter  i.) — The  following  statement  of  the  results  obtained  by  a  verj'  intelligen 
friend  of  the  Author,  who  took  up  the  inquiry  some  years  ago,  with  a  strong  prepossessioi 
(derived  from  the  assurances  of  men  of  high  scientific  note)  in  favour  of  the  reality  of  th 
supposed  influence,  but  yet  with  a  desire  to  investigate  the  whole  matter  carefully  and  philf 
sophically  for  himself,  will  serve  as  a  complete  illustration  of  the  doctrine  enunciated  abov( 
Having  duly  provided  himself  with  a  hazel  fork,  he  set  out  upon  a  survey  of  the  neighboni 
hood  in  which  he  happened  to  be  staying  on  a  visit ;  this  district  was  one  known  to  b 
traversed  by  mineral  veins,  with  the  direction  of  some  of  which  he  was  acquainted.  Wit 
his  '  divining-rod'  in  his  hand,  and  with  his  attention  closely  fixed  upon  his  instrument  c 
research,  he  walked  forth  upon  his  experimental  tour ;  and  it  was  not  long  before,  to  hi  <■ 
great  satisfaction,  he  observed  the  point  of  the  fork  to  be  in  motion,  at  the  very  spot  wher* 
he  knew  that  he  was  crossing  a  metallic  lode.  For  many  less  cautious  investigators,  thi 
would  have  been  enough ;  but  it  served  only  to  satisfy  this  gentleman  that  he  was 
favourable  subject  for  the  trial,  and  to  stimulate  him  to  further  inquiry.  Proceeding  in  h 
walk,  and  still  holding  his  fork  secundum  artem,  he  frequently  noticed  its  point  in  motion 
and  made  a  record  of  the  localities  in  which  this  occurred.  He  repeated  these  trials  o: 
several  consecutive  days,  until  he  had  pretty  thoroughly  examined  the  neighbourhood,  goin 
over  some  parts  of  it  several  times.  When  he  came  to  compare  and  analyse  the  results,  0 
found  that  there  was  by  no  means  a  satisfactory  accordance  amongst  them  ;  for  there  wer 
many  spots  over  which  the  rod  had  moved  on  one  occasion,  at  which  it  had  been  obstinatel] 
stationary  on  others,  and  vice  versa ;  so  that  the  constancy  of  a  physical  agency  seeme 
altogether  wanting.  Further,  he  found  that  whilst  some  of  the  spots  over  which  the  rod  na 
moved,  were  those  known  to  be  traversed  by  mineral  veins,  there  were  many  others  in  wma 
its  indications  had  been  no  less  positive,  but  in  which  those  familiar  with  the  mining  geoloffl 
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■  carefully-conducted  experiments,  that  this  mode  of  explanation  is 
ladequate  to  account  for  the  phenomena  in  question,  all  that  is  genuine 
what  is  at  present  known  may  be  set  down  to  the  category  of  Ideo- 
otor  actions,  or  reflex  actions  of  the  Cerebrum  (§  683). 
926.  To  this  same  category  are  doubtless  to  be  referred  a  large  number 
those  actions  of  Mesmeric  '  subjects,'  which  have  been  considered  by 
line  as  most  unequivocal  indications  of  the  existence  of  an  agency  sui 
neris,  whilst  by  others  they  have  been  regarded  as  the  results  of  inten- 
Dual  deception.    Now  many  of  them  are  of  a  kind  which  the  Will  could 
)t  feign,  being  violent  convulsive  movements,  such  as  no  voluntary 
rbrt  could  produce;  but  the  Mesmeric 'subject '  being  previously  pos- 
>ssed  with  the  expectation  that  certain  results  will  follow  certain  ae- 
ons (as,  for  instance,  that  convulsive  movements  will  be  brought-on 
V  touching  a  piece  of  mesmerized  metal),  and  the  whole  nervous  power 
eing  concentrated,  as  it  were,  upon  the  performance,  the  movements 
)llow  when  the  subject  believes  the  conditions  to  have  been  fulfilled, 
nether  they  have  been,  or  not.    These  facts  were  most  completely  esta- 
lished  by  the  commission  appointed  to  investigate  the  pretensions  of 
lesmer  himself;  and  whilst  they  demonstrate  the  unreality  of  the  sup- 
tsed  mesmeric  influence  (so  far,  at  least,  as  this  class  of  phenomena  is 
'ucerned),  they  also  prove  the  position  here  contended  for,  namely,  the 
iifficiency  of  the  state  of  expectant  attention,  in  those  whose  minds  can  be 
Mmpletely  possessed  by  it,  to  produce  effects  of  the  same  nature  with 
lose  which  are  induced  in  Hysterical  subjects  by  emotional  excite- 
lent.* 

"  the  neighbourhood  were  well  assured  that  no  veins  existed.    On  the  other  hand,  the  rod 
ad  remained  motionless  at  many  points  where  it  ought  to  have  moved,  if  its  direction  had 
■en  afifected  by  any  kind  of  terrestrial  emanation.    These  facts  led  the  experimenter  to  a 
rong  suspicion  that  the  cause  existed  in  himself  alone  ;  and  carrying  out  his  experiments 
cill  further,  he  ascertained  that  he  could  not  hold  the  icftk  in  his  hand  for  many  minutes 
)nsecutively,  concentrating  his  attention  fixedly  upon  it,  without  an  alteration  in  the  direc- 
lOn  of  its  point,  in  consequence  of  an  involuntary  though  almost  imperceptible  movement  of 
i  hands  ;  so  that  in  the  greater  number  of  instances  in  which  the  rod  exhibited  motion,  the 
henomenon  was  clearly  attributable  to  this  cause,  and  it  was  a  matter  of  pure  accident 
hether  the  movement  took  place  over  a  mineral  vein,  or  over  a  blank  spot.    But  further,  he 
scertained  on  a  comparison  of  his  results,  that  the  movement  took  place  more  frequently 
here  he  knew  or  suspected  the  existence  of  mineral  veins,  than  in  other  situations ;  and 
us  he  came,  without  any  knowledge  of  the  theory  of  eirpectant  attention,  to  the  practical 
nclusion  that  the  actions  of  his  nerves  and  muscles  were  in  great  degree  regulated  by  the 
ieas  which  possessed  his  mind. 

*  On  the  whole  of  this  subject  the  Author  has  the  satisfaction  of  referring  to  the  essay 
n  '  The  Effects  of  Attention  on  Bodily  Organs,'  in  Dr.  Holland's  "  Chapters  on  Mental 
'hysiology,"  as  showing  the  essential  coincidence  between  the  opinions  of  this  distinguished 
'liysician,  and  those  at  which  he  had  himself  arrived  by  independent  inquiry. 
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CHAPTER  XVII. 

OF  THE  VOICE  AND  SPEECH. 

1. — Of  the  Larynx,  and  its  Actions. 

927.  The  sounds  produced  by  the  organ  of  Voice  constitute  the  mos 
important  means  of  communication  between  Man  and  his  fellows;  au 
the  power  of  Speech  has,  tlierefore,  a  primary  influence,  as  weU  on  hi 
physical  condition,  as  on  the  development  of  his  mental  faculties.  L 
order  to  understand  the  natm^e  of  this  organ  as  a  generator  of  Sound,  i 
is  requisite  to  inquire,  in  the  first  instance,  into  the  som-ces  from  whic] 
sounds  at  all  corresponding  to  the  Human  voice  are  elsewhere  obtained 
It  is  necessary  to  bear  in  mind,  that  Vocal  sounds,  and  Speech  or  articu 
late  language,  are  two  things  entirely  different ;  and  that  the  former  ma- 


Fig.  146. 


External  and  Sectional  views  of  the  Larynx: — a  n  B,  the  cricoid  cartilage;  e  c  g,  the  thyroid 
cartilapce ;  g,  its  upper  horn ;  c,  its  lower  horn,  where  it  is  articulated  with  the  cricoid ;  f,  the 
arytenoid  cartilage;  e,  f,  the  vocal  ligament;  ak,  crico-thyroideus  muscle;  f  e  m,  thyro-aryte- 
noideus  muscle ;  x  e,  crico-arytenoideus  lateralis;  s,  transverse  section  of  aiytenoideus  trans-  i 
versus;  m  n,  space  between  thyroid  and  cricoid;  b  l,  projection  of  axis  of  articulation  of  aryte- 
noid with  thyroid.  I 

be  produced  in  great  perfection,  where  there  is  no  capability  for  the  latter 
Hence  we  should  at  once  infer,  that  the  instrument  for  the  production  o 
vocal  sounds  was  distinct  from  that  by  which  these  sounds  are  modifici 
into  articulate  speech ;  and  this  we  easily  discover  to  be  the  case,^  tin 
voice  being  unquestionably  produced  in  the  larynx,  whilst  tlie  modifica 
tions  of  it  by  which  language  is  formed,  are  effected  for  the  most  part  h 
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ho  oral  cavity. — The  structure  and  functions  of  the  former,  then,  first 
laim  oiu-  attention. 

928.  It  will  be  remembered  that  the  Trachea  is  surmounted  by  a  stout 
artilaginous  annulus,  termed  the  Cricoid  cartilage ;  which  serves  as  a 
amdation  for  the  superjacent  mechanism.  This  is  embraced  (as  it  were) 
y  the  Thyroid,  which  is  articulated  to  its  sides  by  its  lower  horns,  round 
,  10  extremities  of  which  it  may  be  regarded  as  turning,  as  on  a  pivot.  In 
his  manner  the  lower  front  border  of  the  thyroid  cartilage,  which  is  ordi- 
arily  sepamted  by  a  small  interval  from  the  upper  margin  of  the  cricoid, 
nay  be  made  to  aj)proach  it  or  recede  from  it  j  as  any  one  may  easily 
scertain,  by  placing  his  finger  against  the  little  depression  which  may  be 
eadily  felt  externally,  and  observing 
ts  changes  of  size,  whilst  a  range  of 
liflFerent  tones  is  sounded ;  for  it  will 
lien  be  noticed  that,  the  higher  the 
lote,  the  more  the  two  cartilages  are 
lade  to  approximate,  whilst  they 
epai'ate  in  proportion  to  the  depth 
f  the  tones.*  Upon  the  upper  sur- 
ice  of  the  back  of  the  cricoid,  are 
eated  the  two  small  Arytenoid  carti-  ^ 
ages;  these  are  fixed  in  one  direc- 
ion  by  a  bundle  of  strong  ligaments, 
vhich  tie  them  to  the  back  of  the 
ricoid;  but  they  have  some  power 
)f  moving  in  other  dh'ections,  upon  a 
and  of  articulating  surface.  The  di- 
ection  of  the  surface,  and  the  mode 
11  which  these  cartilages  are  other-  k 
ise  attached,  cause  their  movement  ..  .^.f.  

'  .        ,  Bird  s-eye  view  of  Lrer^/w*  from  above  : — g  e  h, 

I  be  a  sort  of  rotation  m  a  plane    the  thyroid  cartilage,  embracing  the  ring  of  the 

.hich  is  neai-ly  horizontal  but  partly  ^^^Z^^^^^JZJH:^..^'. 

lownwai'ds  :  so  that  their  vertical  n  r,  n  f,  the  arytenoid  cartilages,  connected  by  the 
1  T  •,     ,  I     f>  arytenoideus  transversus ;  t  v,  t  v,  the  vocal  liga- 

»lanes  may  be  made  to  separate  Il'Om    ments;  n  x,  the  right  crico-arytcnoldeus  lateralis 

ich  Other,  and  at  the  same  time  to  ^^^^^f^^'^'^^^^^^r^'^y' ^  ^^'^I'l}^^^^^ 

'  .  .  .       ^      ^         tenoideus  (the  nght  being  removed) ;  n  i,  n  i,  the 

■S.'STime    a    slanting    position.       This   crico-arytenoidei  postici;  B,  b,  the  crico-arytenoid 

bange  of  place  will  be  better  under- 

toed,  when  the  action  of  the  muscles  is  described.    To  the  summit  of 
lie  ai-ytenoid  cartilages  are  attached  the  cliordce  vocales  or  Vocal  Liga- 
iients,  which  stretch  across  to  the  front  of  the  thyroid  cartilage ;  and  it 
upon  the  condition  and  relative  situation  of  these  ligaments,  that  their 
tion  depends.    It  is  evident  that  they  may  be  rendered  more  or  less 
use,  by  the  movement  of  the  Thyroid  cartilage  just  described;  being 
ightened  by  the  depression  of  its  front  upon  the  Cricoid  cartilage,  and 
lackened  by  its  elevation.    On  the  other  hand,  they  may  be  brought 
'ito  more  or  less  close  apposition,  by  the  movement  of  the  Arytenoid 
irtilages;  being  made  to  approximate  nearly,  or  to  recede  in  such  a 
Manner  as  to  cause  the  rima  glottidis  to  assume  the  form  of  a  narrow  V, 


*  In  making  this  observation,  it  is  necessary  to  put  out  of  view  the  general  movement  to 
"  larynx  itself,  which  the  finger  must  be  made  to  follow  up  and  down. 
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by  the  revohition  of  these  cartilages.— We  shall  now  inquire  into  tho 
actions  of  the  muscles  upon  the  several  parts  of  this  apparatus;  and  fij 
into  those  of  the  larynx  alone. 

929.  The  depression  of  the  front  of  the  thyroid  cartilage,  and  the  con 
sequent  tension  of  the  Vocal  Ligaments,  is  occasioned  by  the  conioint 
action  of  the  Crico-thyroidei  on  both  sides ;  and  the  chief  antagonists  to 
these  are  the  Thyro-arytenoidei,  which  draw  the  front  of  the  thyi-oid 
back  towards  the  arytenoid  cartilages,  and  thus  relax  the  vocal  licraments 
These  two  pairs  of  muscles  may  be  regarded  as  the  principal  governors  of 
the  pitch  of  the  notes,  which,  as  we  shall  hereafter  see,  is  almost  eutii-elv 
regulated  by  the  tension  of  the  ligaments;  their  action  is  assisted,  how- 
ever, by  that  of  other  muscles  presently  to  be  mentioned.— The  arytenoid 
cartilages  are  made  to  diverge  from  each  other,  by  means  of  the  Crico- 
arytenoidei  postici  of  the  two  sides,  which  proceed  from  then-  outer 

Fig.  148. 


Part  of  Fig.  147  enlarged,  to  show  the  Direction  of  the  Muscular  Forces  which  act  on  the 
Arytenoid  cartilage: — Q  N  v  s,  the  right  Arytenoid  cartihige;  tv,  its  vocalligament;  b  r  s, 
bundle  of  ligaments  uniting  it  to  Cricoid;  o  p,  projection  of  its  axis  of  articulation;  h  g,  direc- 
tion of  the  action  of  the  Thyro-arytenoideus ;  n  x,  direction  of  Cryco-arytenoideus  lateralis; 
N  w,  direction  of  Crico-arytenoidcus  posticus;  n  y,  direction  of  Arytenoideus  transversus. 

corners,  and  turn  somewhat  round  the  edge  of  the  Cricoid,  to  be  at- 
tached to  the  lower  part  of  its  back;  their  action  is  to  draw  the  outer 
corners  backwards  and  downwards,  so  that  the  points  to  which  the  vocal, 
ligaments  are  attached,  are  separated  from  one  another,  and  the  rim;i 
glottidis  is  thrown  open.    This  will  be  at  once  seen  from  the  precediu.o 
diagram,  in  which  the  direction  of  traction  of  the  several  muscles  is  lai 
down. — The  action  of  these  muscles  is  partly  antagonized  by  that  of  th 
Crico-arytenoidei  laterales,  which  run  forwards  and  downwards  from  tb 
outer  corners  of  the  Arytenoid  cartilages,  and  whose  action  is  to  bnn 
the  anterior  points  of  the  arytenoid  cartilages  into  the  same  straight  hnei 
at  the  same  time  depressing  them,  so  as  thus  to  close  the  glottis.  Thesc| 
muscles  are  assisted  by  the  Arytenoideus  transversus,  which  connects  th 
posterior  faces  of  the  Arytenoid  cartilages,  and  which,  b}'-  its  contraction 
draws  them  together.    By  the  conjoint  action,  therefore,  of  the  Cnco 
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arytenoidci  lateralos  and  of  the  Arytenoideus  transversus,  the  whole  of 
tlio  adjacent  faces  of  the  Arytenoid  cartilages  will  be  pressed  together, 
iiul  the  points  to  which  the  vocal  ligaments  are  attached  will  be  de- 
)ressed. — But  if  the  Arytenoideus  be  put  in  action  in  conjunction  with 
,  lie  Crico-ai'ytenoidei  postici,  the  tendency  of  the  latter  to  separate  the 
Vrytenoid  cai'tilages  being  antagonised  by  the  former,  its  backward 
action  only  will  be  exerted;  and  thus  it  may  be  caused  to  aid  the  Crico- 
thyroidei  in  rendering  tense  the  vocal  ligaments.    This  action  will  be 
further  assisted  by  the  Sterno-tliyroidei,  which  tend  to  depress  the  Thy- 
roid cartilage,  by  pulling  from  a  fixed  point  below;*  and  the  Thyro- 
lii/nidei  wall  be  the  antagonist  of  these,  when  they  act  from  a  fixed  point 
ibove,  the  Os  Hyoides  being  secured  by  the  opposing  contraction  of 
several  other  muscles. — The  respective  actions  of  these  muscles  will  be 
Ijcst  comprehended  by  the  following  Table. 

Govern  the  pitch  of  the  notes. 

>  \  Crico  Thyroidei  )  r Depress  the  front  of  the  Thyroid  cartilage  on  the  Cri- 
3  ?  o  rn  ?•••••<     coid,  and  stretch  the  vocal  ligaments  ;  assisted  by  the 

g-  {  StERNO-ThYROIDEI     j  J       \     \       -a  ;i  n  •  7      •  i  •  • 

^                                  '  \_  Arytenoideus  and  Cnco-arytenoidei  postici. 

i.  4  Thyro-Arytenoidei  1  f  f™"*  °^       Thyroid  cartilage,  and  draw 

/  Thyro  Hyoiuei         I  '  '    1  ^*                   Arytenoids,  relaocing  the  vocal  liga- 

^  ^                              -'  (_  ments. 

Govern  the  Aperture  of  the  Glottis. 
^    Crico-Abytenoidei  postici  Open  the  Glottis. 

i 

l.  S  Crico- Arytenoid  EI  laterAlks  ^        S  Press  together  the  inner  edges  of  the  Ary- 
X  Arytenoideus  transversus     J  "  ' '  c     tenoid  cartilages,  and  close  the  Glottis. 

930.  The  muscles  which  stretch  or  relax  -the  Vocal  ligaments,  are 
utirely  concerned  in  the  production  of  Voice;  those  which  govern  the 
])erture  of  the  Glottis  have  important  functions  in  connection  with  the 
respiratory  actions  in  general,  and  stand  as  guards  (so  to  speak)  at  the 
utrance  to  the  lungs.  Their  separate  actions  are  easily  made  evident, 
u  the  ordinary  condition  of  rest,  it  seems  probable  that  the  Arytenoid 
artilages  are  considerably  separated  from  each  other;  so  as  to  cause 

wide  opening  to  intervene  between  their  inner  faces,  and  between 
he  vocal  ligaments,  thi-ough  which  the  air  freely  passes;  and  the  vocal 
igaments  are  at  the  same  time  in  a  state  of  complete  relaxation. — We 
•  tu  close  the  aperture  of  the  Glottis  by  an  exertion  of  the  will,  either 
iiring  inspiration  or  expiration;  and  its  closure  by  an  automatic  impulse 
jrms  part  of  the  acts  of  Coughing  and  Sneezing  (§  555),  besides  giving 
ise  to  those  more  prolonged  impediments  to  the  ingress  and  egress  of 
ir,  which  have  been  already  noticed  as  resulting  from  disordered  states 
f  the  Nervous  system  (§  849,  xvii.).  With  these  actions,  the  muscles 
liich  regulate  the  tension  of  the  vocal  ligaments  have  nothing  to  do ; 
iid  we  have  seen  that  they  are  performed  by  the  instrumentality  of  the 
'ncumogastric  or  proper  Respiratory  nerve  (§718).    A  slight  examina- 

*  These  are  not  usually  reckoned  among  the  principal  muscles  concerned  in  regulating  the 
"ce ;  but  that  they  are  so,  any  one  may  convince  himself  by  placing  his  finger  just  above 
i<!  sternum,  whilst  he  is  sounding  high  notes;  a  strong  feeling  of  muscular  tension  is  then 
I-  once  perceived. 
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tion  of  the  recent  Larynx  is  sufficient  to  make  it  evident,  that,  when  once 
the  borders  of  the  rima  glottidis  are  brought  together  by  muscular  action, 
the  effect  of  strong  aerial  pressure  on  either  side  (whether  produced  by 
an  expulsory  blast  from  below,  or  by  a  strong  inspiratory  effort,  occa- 
sioning a  partial  vacuum  below,  and  consequently  an  increased  pressure 
above),  will  be  to  force  them  into  closer  apposition. — In  order  to  produce 
a  Vocal  sound,  it  is  not  sufficient  to  put  the  Ugaments  into  a  state  of 
tension;  they  must  also  be  brought  nearer  to  each  other.  That  the 
aperture  of  the  glottis  is  greatly  narrowed  during  the  production  of 
sounds,  is  easily  made  evident  to  oneself,  by  comparing  the  time  occupied 
by  an  ordinary  expiration,  with  that  required  for  the  passage  of  the  same 
quantity  of  air  during  the  sustenance  of  a  vocal  tone,  Fm'ther,  the  size 
of  the  aperture  is  made  to  vary  in  accordance  with  the  note  which  is 
being  produced ;  of  this,  too,  any  one  may  convince  himself,  by  comparing 
the  times  during  which  he  can  hold  out  a  low  and  a  high  note ;  from  which 
it  will  appear,  that  the  aperture  of  the  glottis  is  so  much  narrowed  m 
producing  a  high  note,  as  to  permit  a  much  less  rapid  passage  of  aii- 
than  is  allowed  when  a  low  one  is  sounded.  This  adjustment  of  the 
aperture  to  the  tension  of  the  vocal  ligaments,  is  a  necessary  condition 
for  the  production  of  a  clear  and  definite  tone.  It  further  appeal's  that, 
in  the  narrowing  of  the  glottis  which  is  requisite  to  bring  the  vocal  liga- 
ments into  the  necessary  approximation,  the  upper  points  of  the  Aiyte- 
noid  cai'tilages  are  caused  to  approximate,  not  only  by  being  made  to 
rotate  horizontally  towards  each  other,  but  also  by  a  degree  of  elevation; 
so  that  the  inner  faces  of  the  vocal  ligaments  are  brought  into  parallelism 
with  each  other, — a  condition  which  may  be  experimentally  shown  to  he 
necessary  for  their  being  thrown  into  sonorous  vibration.  The  musculai' 
movements  concerned  in  the  act  of  vocalization,  appear  to  be  called  forth 
by  the  instrumentality  of  the  fibres  of  the  Spinal  Accessory  nerve  which 
ai'e  contained  in  the  Pneumogastric  (§  719.) 

931.  We  have  now  to  inquire  what  is  the  operation  of  the  Vocal  Liga- 
ments in  the  production  of  sounds ;  and  in  order  to  comprehend  this,  it 
is  necessary  to  advert  to  the  conditions  under  which  tones  are  produced 
by  instruments  of  various  descriptions  having  some  analogy  with  the 
Larynx.  These  are  chiefly  of  three  kinds;  strings,  flute-pipes,  and  reeds 
or  tongues. — The  Vocal  Ligaments  were  long  ago  compared  by  FeiTcin  to 
vibrating  strings;  and  at  first  sight  there  might  seem  a  considei-able 
analogy,  the  sounds  produced  by  both  being  elevated  by  increased  ten- 
sion. This  resemblance  disappears,  however,  on  more  acciuate  com- 
parison ;  for  it  may  be  easily  ascertained  by  experiment,  that  no  string  so 
short  as  the  vocal  ligaments  could  give  a  clear  tone,  at  all  to  be  compared 
in  depth  with  that  of  the  lowest  notes  of  the  human  voice ;  and  also,  that 
the  scale  of  changes  produced  by  increased  tension  is  fundamentally  dif- 
ferent. When  the  strings  of  the  same  lengtli  but  of  different  tensious,  ai'O 
made  the  subject  of  comparison,  it  is  found  that  the  number  of  vibra- 
tions is  in  proportion  to  the  square-roots  of  the  extending  forces.  _  Thus, 
if  a  string  extended  by  a  given  weight  produce  a  certain  note,  a  string  ex- 
tended by  four  times  that  weight  will  give  a  note  in  which  the  vibrations 
are  twice  as  rapid ;  and  this  will  be  the  octave  of  the  other.  If  nine  times 
the  original  weight  be  employed,  the  vibrations  will  be  three  times  as 
rapid  as  those  of  the  fundamental  note,  producing  the  twclftli  above  it 
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Now  by  fixing  the  laiynx  in  such  a  manner  that  the  vocal  Hgamcnts  can 
be  extended  by  a  known  weight,  Miiller  has  ascertained  that  the  sounds 
produced  by  a  variation  of  the  extending  force  do  not  follow  the  same 
ratio ;  and  therefore  the  condition  of  these  ligaments  cannot  be  simply 
that  of  vibrating  cords.  Further,  a  cord  of  a  certain  length,  which  is 
adapted  to  give  out  a  clear  and  distinct  note,  equal  in  depth  to  the 
lowest  of  the  human  voice,  may  be  made  by  increased  tension  to  produce 
ill  the  superior  notes,  which,  in  stringed  instruments,  are  ordinarily 
obtained  by  shortening  the  strings.*  But  it  does  not  follow  that  a 
siiort  string,  which,  with  moderate  tension,  naturally  produces  a  high 
note,  should  be  able,  by  a  diminution  of  the  tension,  to  give  out  a  deep 
one ;  for,  although  this  might  be  theoretically  possible,  yet  it  cannot  be 
accomplished  in  practice;  since  the  vibrations  become  irregular  on 
accoimt  of  the  diminished  elasticity,  t  These  considerations  are  in  them- 
selves sufficient  to  destroy  the  supposed  analogy;  and  to  prove  that  the 
Chordse  Vocales  cannot  be  reduced  to  the  same  category  with  vibrating 
strings. — The  next  kind  of  instrument  with  which  some  analogy  might 
be  suspected,  is  the  flute- iji-pe,  in  which  the  sound  is  produced  by  the 
vibration  of  an  elastic  column  of  air  contained  in  the  tube ;  and  the  pitch 
'  »f  the  note  is  determined  almost  entirely  by  the  length  of  the  column, 
although  slightly  modified  by  its  diameter,  and  by  the  nature  of  the 
embouchure  or  mouth  fi-om  which  it  issues.  This  is  exemp)lified  in 
the  German  Flute,  and  in  the  English  Flute  or  Flageolet;  in  both  of 
which  instruments,  the  acting  length  of  the  pipe  is  determined  by  the 
interval  between  the  embouchm-e  and  the  nearest  of  the  side-apertures ; 
by  opening  or  closing  which,  therefore,  a  modification  of  the  tone  is 
produced.  In  the  Organ,  of  which  the  greater  number  of  pipes  are 
eonstracted  upon  this  plan,  there  is  a  distinct  pipe  for  every  note;  and 
their  leng-th  increases  in  a  regular  scale.  It  is,  in  fact,  with  flute-pipes  as 
with  strings, — that  a  diminution  in  length  causes  an  increase  in  the  num- 
t)er  of  vibrations,  but  in  a  simply  inverse  proportion;  so  that  of  two  pipes, 
one  being  half  the  length  of  the  other,  the  shorter  will  give  a  tone  which 
is  the  octave  above  the  other,  the  vibrations  of  its  column  of  air  being 
twice  as  rapid.  Now  there  is  nothing  in  the  form  or  dimensions  of  the 
coliunu  of  air  between  the  larynx  and  the  mouth,  which  can  be  con- 
ceived to  render  it  at  all  capable  of  such  vibrations  as  are  required  to 
produce  the  tones  of  the  Human  voice;  though  there  is  some  doubt, 
whether  it  be  not  the  agent  in  the  musical  tones  of  certain  Birds.  The 
length  of  an  open  pipe  necessary  to  give  the  lowest  G  of  the  ordinary 
•mss  .voice,  is  nearly  six  feet;  and  the  conditions  necessary  to  produce 
the  higher  notes  from.it,  are  by  no  means  those  which  we  find  to  exist 
in  the  process  of  modulating  the  human  voice. — We  now  come  to  the 
third  class  of  instruments,  in  which  sound  is  produced  by  the  vibration 

*  Thus  in  the  Piano-forte,  where  there  are  strings  for  each  note,  a  gradual  shortening  is 
-ecn  from  the  lowest  to  the  hijrhest ;  and  in  the  Violin  tlie  change  of  tone  is  produced  by 
•tojipinfj  the  strings  with  the  finger,  so  as  to  diininisli  their  acting  lengtli. 

t  Thus  it  would  be  impossible  to  produce  good  Bass  notes  on  the  strings  of  a  Violin,  by 
lliminishing  their  tension ;  the  length  afforded  by  the  Violoncello  or  Double  Bass  is  requisite. 
I'he  striking  difference  between  the  tone  of  the  Bass  strings  in  tlie  (irand  Piano-forte  and 
the  small  upright  Piccolo,  is  another  exemplilication  of  tlie  same  ])riiiciple  ;  being  chieHy  due 
•<>  the  lungth  and  tension  of  the  former,  as  contrasted  with  the  sliortness  and  slackness  of  the 
latter. 
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of  reeds  or  tongues;  these  may  either  possess  elasticity  in '  themselves,  or 
be  made  elastic  by  tension.  The  '  free '  reeds  of  the  Eolina,  Accordioi}, 
Serapliine,  Harmonium^  &c.,  are  examples  of  instruments  of  this  cha- 
racter, in  which  the  lamina  vibrates  in  a  sort  of  frame  that  allows  the 
air  to  pass  out  on  all  sides  of  it  through  a  narrow  channel,  thus  increas- 
ing the  strength  of  the  blast :  whilst  in  the  Hautboy,  Bassoon,  &c.,  and  in 
Organ-pipes  of  similar  construction,  the  reed  covers  an  aperture  at  the 
side  of  one  end  of  a  pipe.  In  the  former  kind,  the  sound  is  produced  by 
the  vibration  of  the  tong-ue  alone,  and  is  regulated  entirely  by  its  length 
and  elasticity ;  whilst  in  the  latter,  its  pitch  is  dependent  upon  this,  con- 
jointly with  the  length  of  the  tube,  the  column  of  air  contained  in  which 
is  thrown  into  simultaneous  vibration.  Some  interesting  researches 
on  the  effect  produced  on  the  pitch  of  a  sound  given  by  a  reed,  through 
the  union  of  it  with  a  tube,  have  been  made  by  M.  W.  Weber;  and, 
as  they  are  important  in  furnishing  data  by  which  the  real  natm-e  of  the 
vocal  organ  may  be  determined,  their  chief  results  will  be  here  given. 
■ — I.  The  pitch  of  a  reed  may  be  lowered,  but  cannot  be  raised,  by  join- 
ing it  to  a  tube.  ii.  The  sinking  of  the  pitch  of  the  reed  thus  produced, 
is  at  the  utmost  not  more  than  an  octave,  iii.  The  fundamental  note  of 
the  reed  thus  lowered,  may  be  raised  again  to  its  original  pitch,  by  a 
further  lengthening  of  the  tube;  and  by  a  further  increase  is  again 
lowered,  iv.  The  length  of  tube,  necessary  to  lower  the  pitch  of  the 
instrument  to  any  given  point,  depends  on  the  relation  which  exists 
between  the  frequency  of  the  vibrations  of  the  tongue  of  the  reed,  and 
those  of  the  column  of  air  in  the  tube,  each  taken  separately. — From 
these  data,  and  from  those  of  the  preceding  paragraph,  it  follows  that,  if 
a  wind-instrument  can,  by  the  prolongation  of  its  tube,  be  made  to  yield 
tones  of  any  depth  in  proportion  to  the  length  of  the  tube,  it  must  he 
regarded  as  a  flute-pipe ;  whilst  if  its  pitch  can  only  be  lowered  an  octave 
or  less  (the  embouclmre  remaining  the  same)  by  lengthening  the  tube, 
we  may  be  certain  that  it  is  a  reed  instrument.  The  latter  proves  to  be 
the  case  in  regard  to  the  Larynx. 

932.  It  is  evident  from  the  foregoing  considerations,  that  the  action  of 
the  Larynx  has  more  analogy  to  that  of  reed  instruments,  than  it  has  to 
that  either  of  vibrating  strings,  or  of  fiiite  pipes.  There  would  seem  at  fii'st 
sight,  to  be  a  marked  difference  in  character,  between  the  vocal  ligaments 
and  the  tongue  of  any  reed  instrument ;  but  this  difference  is  really  by  no 
means  considerable.  In  a  reed,  elasticity  is  a  property  of  the  tongue  itself, 
when  fixed  at  one  end,  the  other  vibrating  freely;  but  by  a  membmnous 
lamina,  fixed  in  the  same  manner,  no  tone  would  be  produced.  If  such  a 
lamina,  however,  be  made  elastic  by  a  moderate  degree  of  tension,  and  be 
fixed  in  such  a  manner  as  to  be  advantageously  acted-on  by  a  cuireut  of 
air,  it  will  give  a  distinct  tone.  It  is  observed  by  Miiller,  that  membranous 
tongues  made  elastic  by  tension,  may  have  either  of  three  different  forms : 
I.  That  of  a  band  extended  by  a  cord,  and  included  between  two  firm  plates, 
so  that  there  is  a  cleft  for  the  passage  of  air  on  each  side  of  the  tongue. 
Ji.  The  elastic  membrane  may  be  stretched  over  the  half  or  any  portion  of 
the  end  of  a  short  tube,  the  other  part  being  occupied  by  a  solid  plate, 
between  which  and  the  elastic  membrane  a  narrow  fissure  is  left,  in-  Two 
elastic  membranes  may  be  extended  across  the  mouth  of  a  short  tube,  each 
covering  a  portion  of  the  opening,  and  having  a  chink  left  open  between 
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them. — This  last  is  evidently  the  form  most  allied  to  the  Human  Glottis  j 
but  it  may  be  made  to  approximate  still  more  closely,  by  prolonging  the 
membranes  in  a  direction  parallel  to  that  of  the  current  of  air,  so  that  not 
merely  their  edges,  but  theu"  whole  planes,  shall  be  thrown  into  vibration. 
Upon  this  principle,  a  kind  of  artificial  glottis  has  been  constructed  by 
Mr.  Willis ;  the  conditions  of  action  and  the  effects  of  which,  are  so  nearly 
allied  to  that  of  the  real  instru- 
ment, that  the  similar  character 
of  the  two  can  scarcely  be  doubted. 
The  following  is  his  description  of 
it.  "  Let  a  wooden  pipe  be  pre- 
pared of  the  form  of  Fig.  149  a, 
having  a  foot,  c,  like  that  of  an 
organ-pipe,  and  an  upper  opening, 
long  and  narrow,  as  at  b,  with  a 
point.  A,  rising  at  one  end  of  it. 
If  a  piece  of  leather,  or  still  better, 
of  sheet  India-rubber,  be  doubled 
roimd  this  point,  and  secured  by 
being  bound  round  the  pipe  at  d 
with  strong  thread,  as  in  Fig.  1 49  h, 
it  will  give  us  an  artificial  glottis 
with  its  upper  edges  gh,  which 
nmy  be  made  to  vibrate  or  not,  at 
pleasure,  by  inclining  the  planes  of 
tlie  edges.  A  couple  of  pieces  of  cork,  e,  f,  may  be  glued  to  the  corners, 
to  make  them  more  manageable.  From  this  machine,  various  notes  may 
be  obtained,  by  stretching  the  edges  in  the  direction  of  their  length  g  h  ; 
the  notes  rising  in  pitch  with  the  increased  tension,  although  the  length 
of  the  vibrating  edge  is  increased.  It  is  true  that  a  scale  of  notes  equal 
in  extent  to  that  of  the  human  voice  cannot  be  obtained  from  edges  of 
leather;  but  this  scale  is  much  greater  in  India-rubber  than  in  leather; 
and  the  elasticity  of  them  both  is  so  much  inferior  to  that  of  the  vocal 
ligaments,  that  we  may  readily  infer  that  the  greater  scale  of  the  latter  is 
due  to  its  greater  elastic  powers."  By  other  experimenters,  the  tissue 
forming  the  middle  coat  of  the  arteries  has  been  used  for  this  purpose,  in 
the  moist  state,  with  great  success ;  with  this,  the  tissue  of  the  vocal  liga- 
ments is  nearly  identical.  It  is  worthy  of  remark  that,  in  all  such  ex- 
periments, it  is  foimd  that  the  two  membranes  may  be  thrown  into 
vibration,  when  inclined  towards  each  other  in  various  degrees,  or  even 
when  they  are  in  parallel  planes,  and  their  edges  only  approximate ;  but 
that  tlie  least  inclination  from  each  other  (which  is  the  position  the 
vocal  ligaments  have  during  the  ordinary  state  of  the  glottis,  §  930), 
completely  prevents  any  sonorous  vibrations  from  being  produced. 

933.  The  pitch  of  the  note  produced  by  membranous  tongues,  may  be 
affected  in  several  ways.  Thus,  an  increase  in  the  strength  of  the  blast, 
wliich  has  little  influence  on  metallic  reeds,  raises  their  pitch  very  consider- 
ably; and  in  this  manner  the  note  of  a  membranous  reed  may  be  raised 
by  semitones,  to  as  much  as  a  fifth  above  the  fundamental.  The  addition 
of  a  pipe  has  nearly  the  same  effect  on  their  pitch,  as  on  that  of  metallic 
reeds;  but  it  cannot  easily  be  determined  with  the  same  precision.  The 
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effect  of  the  junction  of  a  pipe  with  a  double  membranous  tongue,  is  well 
shown  in  the  'rrumpet,  Horn,  and  other  instruments,  which  require  the 
vibration  of  the  lips,  as  well  as  a  blast  of  air,  for  the  production  of  their 
sound,  having  no  reed  of  their  own.  By  some,  these  instruments  have 
been  classed  with  Flute  pipes;  but  the  conditions  of  their  action  are 
entirely  different.  The  mouth-piece  of  the  horn  or  trumpet  is  incajjable 
of  yielding  any  tone,  when  a  current  of  air  is  merely  blown  through  it; 
and  the  lips  are  necessary  to  convei-t  it  into  a  musical  reed,  being  rendered 
tense  by  the  contraction  of  their  Bj)hincter,  partly  antagonized  by  the 
slightly-dilating  action  of  other  muscles.  The  variation  of  the  tension  of 
the  lips  is  effected  by  muscular  effort ;  and  several  different  notes  may  be 
produced  with  a  pipe  of  the  same  length ;  but  there  is  a  certain  length  of 
the  column  of  air,  which  is  the  one  best  adapted  for  each  tone ;  and 
different  instruments  possess  various  contrivances  for  changing  this.  It 
has  been  recently  ascertained,  that  the  length  of  the  pipe  prefixed  to  the 
reed,  has  also  a  considerable  influence  on  its  tone,  rendering  it  deeper  in 
proportion  as  it  is  prolonged,  down  to  nearly  the  octave  of  the  fundamen- 
tal note ;  but  the  pitch  then  suddenly  rises  again,  as  in  the  case  of  the 
tube  placed  beyond  the  reed.  The  researches  of  MiiUer,  however,  have 
not  succeeded  in  establishing  any  very  definite  relation  between  the 
lengths  of  the  two  tubes,  in  regard  to  their  influence  on  the  pitch  of  the 
reed  placed  between  them. 

934.  From  tlie  foregoing  statements  it  appears,  that  the  true  theory  of 
the  Voice  may  now  be  considered  as  well  established,  in  regard  to  this 
essential  particular,  —  that  the  sound  is  the  resiilt  of  the  vibrations  of  the 
vocal  ligaments,  which  take  place  according  to  the  same  laws  with  those  of 
metallic  or  other  elastic  tongues :  and  that  the  pitch  of  the  notes  is 
chiefly  governed  by  the  tension  of  these  laminae. *  With  respect,  how- 
ever to  the  mode  and  degree  in  which  these  tones  are  modified  by  the 
shai^e  of  the  air-passages,  both  above  and  below  the  larynx,  by  the  force 
of  the  blast,  and  by  other  concurrent  circumstances,  little  is  certainly 
known ;  but  no  doubt  can  be  felt  that  these  modifications  are  of  great 
importance,  when  we  observe  the  great  amount  of  muscular  action  which 
takes  place  consentaneously  with  the  production  of  vocal  tones,  and 
which  seems  designed  to  modify  the  length  and  tension  of  the  various 
parts  of  the  Vocal  Tube,  so  that  they  may  vibrate  synchronously  witli 
the  Vocal  Cords.  Thus,  during  the  ascent  of  the  voice  fi.-om  the  deeper 
to  the  higher  notes  of  the  scale,  we  find  the  whole  larynx  undergoing  an 
elevation  towards  the  base  of  the  cranium,  the  thyroid  cai-tilage  being 
drawn-up  within  the  os-hyoides,  so  as  even  to  press  on  the  epiglottis ;  at 
the  same  time,  the  small  space  between  the  thyroid  and  cricoid  cartilages, 

*  It  is  considered,  however,  by  Mr.  Bishop  ("  Cyclop,  of  Anat.  and  Physiol.,"  vol.  iv. 
p.  1486),  that  the  vocal  apparatus  combines  the  properties  of  a  stretched  cord,  a  membranous 
pipe  with  a  column  of  air  vibrating  in  it,  and  a  reed ;  and  is  the  perfect  type,  of  whicii  these 
instruments  are  only  imperfect  adaptations.  The  Author  is  unable,  however,  to  deduce  from 
Mr.  Bishop's  previous  statements  the  grounds  upon  which  he  makes  this  assertion  ;  and  does 
not  understand  how  any  instrument  mw  combine  tlie  actions  strii/ffs  and  of  ionpucs,  the  la«s 
of  whose  vibration  are  so  different.  That  the  column  of  air  in  the  air-passages  is  thrown  into 
vibration  consentaneously  with  the  production  of  sound  by  the  vocal  cords,  and  mtensihes 
that  sound  by  reciprocation,  can  scarcely  be  doubted ;  but  the  reasons  previously  given  appeal 
to  the  Autlior  sufficient  to  disprove  tlie  notion,  that  this  vibration  is  at  all  more  essential 
the  production  of  the  vocal  tone,  than  it  is  in  the  reed-pipe  of  an  organ. 
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or  crico-thyi'oid  chink,  is  closed  by  the  dej)ression  of  the  front  of  the 
former  upon  the  latter  (§  928)  ;  the  velum  palati  is  dej)ressed  and  curved 
forwards ;  and  the  tonsils  approach  one  another.     The  reverse  of  all 
these  movements  takes  place  during  the  descent  of  the  voice.  —  A  very 
important  adjunct  to  the  production  of  the  higher  notes  has  been  pointed- 
out  by  Miiller,  as  being  afforded  by  the  modification  in  the  space  included 
between  the  two  sides  of  the  thyroid  cartilage,  which  is  effected  by  the 
thyro-arytenoidei.    He  had  experimentally  ascertained,  that  the  intro- 
duction of  a  hollow  plug  into  the  upper  end  of  the  pipe  beneath  his 
ai'tificial  larynx  (and  therefore  just  below  the  reed),  by  diminishing  its 
apertm'e,  produced  a  considerable  elevation  of  the  tone.    The  action  may 
be  imitated  in  the  human  larynx,  when  made  the  subject  of  experiment, 
by  compressing  the  thyroid  cartilage  laterally;  and  in  this  manner,  the 
natural  voice  could  be  made  to  extend  through  a  range,  that  could  other- 
wise be  only  reached  by  a  falsetto.  —  The  influence  of  the  prefixed  and 
superadded  tubes,  in  modifying  the  tones  produced  by  the  Human  larynx, 
has  been  foimd  by  Prof  Miiller  not  to  be  at  all  comparable  to  that  which 
they  exercised  over  the  artificial  larynx ;  the  reason  of  which  difference 
does  not  seem  very  apparent.   It  appears,  however,  that  there  is  a  certain 
length  of  the  prefixed  tube — as  there  is  a  certain  distance  of  the  vibrating 
laminae,  and  a  certain  length  or  form  of  the  tube  above,  —  which  is  most 
favom-able  to  the  production  of  each  note  ;  and  the  downward  movement 
of  the  whole  vocal  organ,  which  takes  place  when  we  are  sounding  deep 
notes,  and  its  rise  during  the  elevation  of  the  tones,  have  been  supposed 
to  have  the  purpose  of  making  this  adjustment  in  the  length  of  the 
ti'achea;  but  this  requires  the  supposition,  that  the  real  length  of  the 
trachea  is  shortened  whilst  it  appears  extended, —  for  which  there  seems 
uo  foundation.    It  is  considered  by  Mr,  Wheatstone,  that  the  column  of 
air  in  the  trachea  may  divide  itself  into  '  harmonic  lengths,'  and  may  jjro- 
duce  a  recii^rocation  of  the  tone  given  by  the  vocal  ligaments  (§  899)  ; 
and  in  this  manner  he  considers  that  the  falsetto  notes  are  to  be  ex- 
plained.   It  may  be  added,  that  the  partial  closing  of  the  ej)iglottis  seems 
to  assist  in  the  production  of  deep  notes,  just  as  the  partial  covering  of 
the  top  of  a  short  pipe  fixed  to  a  reed  will  lower  its  tone  ;  and  that  some- 
thing of  this  kind  takes  place  during  natural  vocalisation,  would  appear 
from  the  retraction  and  depression  of  the  tongue,  which  accompany  the 
lowering  of  the  front  of  the  head,  when  the  very  lowest  notes  are  being 
sounded.    The  experiments  of  Savart  have  shown,  that  a  cavity  which 
only  responds  to  a  shrill  note,  when  its  walls  are  firm  and  dry,  may  be 
made  to  afford  a  great  variety  of  lower  tones  when  its  walls  are  moistened 
and  relaxed  in  various  degrees.     This  observation  may  probably  be 
applied  also  to  the  trachea. 

935.  'ih.Q  falsetto  is  a  peculiar  modification  of  the  voice,  differing  from 
the  '  chest  voice,'  not  merely  in  the  higher  pitch  of  its  notes,  but  also  in 
their  quality ;  its  tones  being  less  reedy,  and  more  like  the  *  harmonic 
notes'  of  stringed  and  winged  instruments.  In  some  individuals,  the 
chest-voice  passes  by  imperceptible  gradations  into  the  falsetto,  whilst  in 
others  the  transition  is  abrupt ;  and  some  persons  can  sound  the  same 
notes  in  the  two  different  registers,  these  notes  forming  the  upper  pai't  of 
'  lie  scale  of  the  chest-voice,  and  tlie  lower  part  of  the  falsetto.  Thus  a 
^'eutlcmau  of  the  Author's  acquaintance  has  a  bass  voice  of  a  harsh  reedy 
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character,  ranging  from  the  D  below  the  bass  clofF  to  the  T)  above  it  (two 
octaves) ;  whilst  his  falsetto,  which  is  remarkable  for  its  clearness  and 
smoothness,  ranges  from  the  A  on  the  highest  line  of  the  bass  cleff  to  the 
E  in  the  highest  space  of  the  treble  clefF.    Thus  there  are  five  notes 
common  to  the  two  registers,  and  the  entire  voice  ranges  through  more 
than  three  octaves ;  but  from  want  of  a  gradual  passage  from  one  to  the 
other,  this  gentleman  can  only  sing  bass  parts  with  his  chest-voice,  or 
alto  parts  with  his  falsetto,  the  tenor  scale  extending  above  the  range  of 
one,  and  below  that  of  the  other. — With  regai-d  to  the  theory  of  the  pro- 
duction of  the  falsetto  voice,  there  has  been  considerable  difference  of 
opinion  amongst  Physiologists ;  and  it  cannot  be  regarded  as  fully  deter- 
mined.   By  Magendie  and  Mayo  it  was  maintained  that  these  tones  are 
produced  by  the  vibration  of  the  vocal  cords  along  only  half  their  length, 
the  rima  glottidis  being  partly  closed ;  and  this  explanation  is  consistent 
with  the  fact,  that  a  far  smaller  quantity  of  air  is  required  for  sustaining 
a  fiilsetto  note,  than  for  a  note  of  the  ordinai'y  register,  even  though 
they  should  be  of  the  same  pitch.    By  Miiller,  again,  it  is  asserted  that  in 
the  production  of  the  falsetto  notes  merely  the  thin  border  of  the  glottis 
vibrates,  so  that  the  fissure  remains  distinctly  visible ;  whilst  in  the  pro- 
duction of  the  ordinary  vocal  tones,  the  whole  breadth  of  the  vocal  liga- 
ments is  thrown  into  strong  vibrations,  which  traverse  a  wider  space,  so 
that  a  confused  motion  is  seen  in  the  lips  of  the  glottis,  rendering  its 
fissure  indefinite.     It  is  not  impossible  that  both  these  doctrines  are 
correct ;  and  that,  in  the  production  of  falsetto  notes  the  vocal  ligaments 
are  in  contact  with  each  other  for  part  of  their  length,  and  that  only 
their  thin  edges  are  in  vibration  in  the  remainder.    It  has  been  pointed- 
out  by  Mr.  Bishop  (loc.  cit.),  that  at  the  moment  of  transition  from  the 
'  chest-voice '  to  the  '  falsetto-voice,'  the  crico-thyroid  chink,  which  was 
closed  during  the  production  of  the  highest  note  of  the  former,  suddenly 
opens  on  the  production  of  the  lowest  note  of  the  latter;  thus  indi- 
cating that  the  Vocal  Cords  are  relaxed  in  the  passage  from  the  one  to 
the  other,  as  must  be  the  case,  if,  for  the  production  of  the  same  note, 
they  be  only  put  in  vibration  along  a  part  of  their  length ;  so  that  it 
would  not  seem  improbable,  that  the  cause  of  those  differences  in  the  mode 
of  transition  which  have  been  already  noticed,  lies  in  the  diffei'ence  in  the 
proportional  amount  of  the  vocal  cords  which  is  thus  thrown  out  of  use 
by  the  partial  approximation  of  the  two  lips  of  the  rima  glottidis.    It  is 
further  remarked  by  Mr.  Bishop,  that,  in  the  passage  from  the  chest  to 
the  falsetto-voice,  the  larynx  descends  from  its  previously-elevated  posi- 
tion, and  gradually  rises  again  with  the  ascending  scale  of  falsetto  notes  ; 
and  he  mentions  a  case  of  double  falsetto,  in  which  a  third  register  existed, 
and  in  which  the  relaxation  of  the  Vocal  cords  and  the  descent  of  the 
larynx  were  observed  at  its  commencement,  as  at  the  commencement  of 
the  second  or  ordinary  falsetto  register.  —  An  entirely  different  theory  oj" 
the  falsetto  has  been  given,  however,  by  MM.  Petrequin  and  Diday  ; 
who  consider  that  the  Msetto  notes  are  not  produced  by  the  vibration  of 
the  vocal  cords,  but  are  roaUy  '  flute-notes,'  formed  by  the  vibrations  of 
the  column  of  air  to  which  the  rima-glottidis  then  sei-ves  as  the  embou- 
chure.   Tliis  view  harmonizes  well  with  some  of  the  phenomena  of  the 


*  "  Gazette  Mcdicale,"  1844. 
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talsetto  voice  j  but  it  is  open  to  the  objections  already  stated  in  regard  to 
the  flute-theory  generally.  It  may  be  added  that  some  have  attempted 
to  show  that  the  falsetto  depends  upon  a  peculiar  action  of  the  parts 
above  the  larynx ;  but  for  this  doctrine  there  is  no  foundation  what- 
ever. 

936.  The  various  muscular  actions,  which  are  employed  in  the  produc- 
tion and  regulation  of  the  voice,  are  called-forth  by  an  impulse  which  has 
been  shown  (§  751)  to  be  really  automatic  in  its  operation,  and  to  be 
completely  under  the  influence  of  guiding  sensations,  although  usually 
(uuginating  in  a  Volitional  determination,  or  giving  expression  to  Emo- 
tions or  simply  to  Ideas.  This,  however,  has  been  proved  to  be  true  of 
all  Volitional  movements ;  so  that  the  production  of  vocal  tones  consti- 
tutes no  real  exception.  It  may  be  safely  afiirmed,  that  the  simple 
utterance  of  sounds  is  in  itself  an  Instinctive  action ;  although  the  combi- 
nation of  these,  whether  into  music  or  articulate  language,  is  a  matter  of 
acquu'ement,  which  is  much  more  readily  made  by  some  individuals  than 
by  others.  No  definite  tone  can  be  produced  by  a  Voluntary  effort,  un- 
less that  tone  be  present  to  the  Consciousness  during  an  interval — however 
momentary,  —  either  as  immediately  produced  by  an  act  of  Sensation, 
recalled  by  an  act  of  Conception,  or  anticipated  by  an  effort  of  the  Imagi- 
nation. When  thus  present,  the  Will  can  enable  the  muscles  to  assume 
the  condition  requisite  to  produce  it ;  but  under  no  other  circumstances 
does  this  happen,  except  through  the  particular  mode  of  discipline  by 
which  the  congenitally  deaf  may  be  trained  to  speak.  Such  persons  are 
debaiTcd  from  learning  the  use  of  Voice  in  the  ordinary  manner ;  for  the 
necessary  guidance  cannot  be  afforded,  either  through  sensations  of  the 
present  or  conceptions  of  the  past,  and  the  imagination  is  entirely  desti- 
tute of  power  to  suggest  that  which  has  been  in  no  shape  experienced. 
But  they  may  be  taught  to  acquire  an  imperfect  speech,  by  causing  them 
to  imitate  particidar  muscular  movements,  \Vliioh  they  may  be  made  to 
see ;  being  g-uided  in  the  imitation  of  those  movements,  in  the  first  place 
by  watching  their  own  performance  of  them  in  a  looking-glass,  and  after- 
wai'ds  by  attending  to  the  muscular  sensations  which  accompany  them. 
Many  instances,  indeed,  ai'e  on  record,  in  which  persons  entirely  deaf 
were  enabled  to  carry-on  a  conversation  in  the  regular  way ;  judging  of 
what  was  said  by  the  movements  of  the  lips  and  tongue,  which  they  had 
learned  to  connect  with  particular  syllables  j  and  regulating  their  own 
voices  in  reply,  by  then*  voluntary  power,  guided  in  its  exercise  by  their 
muscular  sensations.* 

[In  the  foregoing  account  of  the  Physiology  of  Voice,  the  Author  has  been  chiefly  guided 
by  the  excellent  paper  by  Mr.  Willis  in  the  "  Transactions  of  tlie  Cambridge  Philosophical 
Society,"  vol.  iv. ;  and  by  the  elaborate  investigations  of  M'liller  and  his  coadjutors,  as 
'letailed  in  the  Fourth  Book  of  his  Physiology.  Mr.  Bishop's  account  of  the  Physiology  of 
Voice,  in  the  Fourth  Volume  of  the  "Cyclopaedia  of  Anatomy  and  Physiology"  may  also  bo 
advantageously  consulted.] 


*  Sec  Dr.  Johnstone  "  On  Sensation,"  p.  1 28. 
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2. — Of  Articulate  Sounds. 

937.  The  larynx,  as  now  described,  is  capable  of  producing  those  tones  11 
of  which  Voice  fundamentally  consists,  and  the  sequence  of  which  becomes 
Music  :  but  Sj^eech  consists  in  the  modification  of  the  laiyugeal  tones,  by 
other  organs  intervening  between  the  Glottis  and  the  Os  externum,  so 
as  to  produce  those  articulate  sounds  of  which  language  is  formed.  It 
cannot  be  questioned  that  Music  has  its  language;  and  that  it  is  suscep- 
tible of  expressing  the  emotional  states  of  the  mind,  among  those  at  least 
who  have  been  accustomed  to  associate  these  with  its  varied  modes,  to 
even  a  higlier  degree  than  articulate  speech.  But  it  is  incapable  of 
addressing  the  intellect,  by  conveying  definite  ideas  of  objects,  propei-ties, 
actions,  &c.,  in  any  other  way  than  by  a  kind  of  imitation,  which  may  be 
compared  to  the  signis  used  in  hieroglyphic  writing.  These  ideas  it  is  the 
peculiar  province  of  articidate  language  to  convey;  and  we  find  that  the 
vocal  organ  is  adapted  to  form  a  large  nimiber  of  simple  sounds,  which 
may  be  readUy  combined  into  groups,  forming  words.  The  number  of 
combinations  which  can  be  thus  produced,  is  so  inexliaustible,  that  every 
language  has  its  own  peculiar  series ;  no  difficulty  being  found  in  form- 
ing new  ones  to  express  new  ideas.  There  is  considerable  diversity  in 
different  languages,  even  with  regard  to  the  use  of  the  simplest  of  these 
combinations ;  some  of  them  are  more  easy  of  formation  than  others,  and 
these  accordingly  enter  into  the  composition  of  all  languages ;  whilst  of 
the  more  difiicidt  ones,  some  are  employed  in  one  language,  some  in 
another, —  no  one  language  possessing  them  all.  Without  entering  into 
any  detailed  account  of  the  mechanism  required  to  produce  each  of  these 
siniple  sounds,  a  few  general  considerations  will  be  offered  in  regard  to 
the  classification  of  them  ;  and  the  peculiar  defect  of  articulatiouj  termed 
Stammering,  will  be  briefly  treated-of 

938.  Vocal  sounds  are  divided  into  Vowels  and  Consonants;  and  the  i 
distinctive  characters  of  these  are  usually  considered  to  be,  that  the  Vowels 
are  produced  by  the  Voice  alone,  whilst  the  sound  of  the  Consonant  if 
foimed  by  some  kind  of  interruption  to  the  voice,  so  that  they  cannot  be 
properly  expressed,  unless  conjoined  with  a  vowel.  The  distinction  may 
be  more  correctly  laid  down,  however,  in  this  manner : — the  Vowel  sounds 
are  continuous  tones,  modified  by  the  form  of  the  apertm-e  through  which 
they  pass  out ;  whilst  in  sounding  Consonants,  the  breath  suffers  a  more 
or  less  complete  interruption,  in  its  passage  through  parts  anterior  to  the 
larynx.  Hence  the  really  simple  Vowel  sounds  are  capable  of  prolonga- 
tion during  any  time  that  the  breath  can  sustain  them;  this  is  not  the  i 
case,  however,  with  the  real  Diphthongal  sounds  (of  which  it  will  presently 
appear  that  the  English  i  is  one) ;  whilst  it  is  true  of  some  Consouanti?. 
It  seems  to  have  been  forgotten  hj  many  of  those  who  have  written  upoii^ 
this  subject,  that  the  laryngeal  voice  is  not  essential  to  the  formation  ot 
either  vowels  or  consonants;  for  all  may  be  sounded  in  a  whisper.^  It  p 
very  evident,  therefore,  that  the  larynx  is  not  primarily  concerned  in  their 
production ;  and  this  has  been  fully  established  by  the  following  experi- 
ment. A  flexible  tube  was  introduced  by  M.  Deleau  through  his  nostril 
into  the  pharynx,  and  air  was  impelled  by  it  into  the  fauces;  then,  closing 
the  larynx,  he  threw  the  fixuces  into  the  different  positions  requisite  toi 
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H-oducing  ai'ticulato  sounds,  when  the  ah-  impelled  through  the  tube 
lecume  an  audible  whisper.  The  experiment  was  repeated,  with  this 
ariation, — that  larjmgeal  sounds  were  allowed  to  pass  into  the  fauces; 
ud  each  articulated  letter  was  then  heard  double,  in  a  proper  voice  and 
u  a  whisper. 

939.  That  the  Vowels  are  produced  by  simple  modifications  in  the  form 
if  the  external  passages,  is  easily  proved,  both  by  observation  and  by  imi- 
uitive  experiment.  When  the  mouth  is  opened  wide,  the  tongue  depressed, 
luid  the  velum  palati  elevated,  so  as  to  give  the  freest  possible  exit  to  the 
voice,  the  vowel  a  in  its  broadest  form  (as  in  ah)  is  sounded.*  On  the 
uthcr  hand,  if  the  oral  aperture  be  contracted,  the  tongue  being  still 
depressed,  the  sound  oo  (the  continental  u)  is  produced.  If  attention  bo 
paid  to  the  state  of  the  buccal  cavity,  during  the  pronunciation  of  the 
liflfcreut  vowel  sounds,  it  will  be  found  to  undergo  a  great  variety  of 
iiodifications,  arising  from  varieties  of  position  of  the  tongue,  the  cheeks, 
I  he  lips,  and  velum  palati.  The  position  of  the  tongue  is,  indeed,  one  of 
the  primary  conditions  of  the  variation  of  the  sound ;  for  it  may  be  easily 
iscertaiued  that,  by  peculiar  inflexions  of  this  organ,  a  great  diversity  of 
vowel  sounds  may  be  produced,  the  other  parts  remaming  the  same. 
Still  there  is  a  certain  position  of  all  the  parts,  which  is  most  favourable 
to  the  formation  of  each  of  these  sounds ;  but  this  could  not  be  expressed 
without  a  leng-thened  description.  The  following  table,  slightly  altered 
from  that  of  Kempelen,  expresses  the  relative  dimensions  of  the  buccal 
"viti/  and  of  the  oral  orifice,  for  some  of  the  principal  of  these ;  the  num- 
l)er5  expressing  the  largest  size,  and  the  others  in  like  proportion: — 

Vowel.  Sound.  Size  of  oral  ojiejiing.    Sine  0/ buccal  cavitT/. 


a  as  in  aJi  5  5 

a  as  in  7iame  4  2 

e  as  in  tlteme  3  .    ^  1 

0  as  in  cold  2  4 

00  as  in  cool  1  5 


These  are  the  sounds  of  the  five  vowels,  a,  e,  i,  0,  u,  in  most  Continental 
anguages;  and  it  cannot  but  be  admitted,  that  the  arrangement  is  a  much 
iiiore  natural  one  than  that  of  our  own  vowel  series.    The  English  a  has 
three  distinfct  sounds  capable  of  prolongation  ;t — the  true  broad  a  of  ah, 
lightly  modified  in  far;  the  a  of  fate,  corresponding  to  the  e  of  French; 
!  ud  the  a  of  fall,  which  should  be  really  represented  by  au.    This  last  is 
simple  sound,  though  commonly  reckoned  as  a  diphthong.    In  Kempe- 
len's  scale,  the  oral  orifice  required  to  produce  it  would  be  about  3,  and  the 
ize  of  the  buccal  cavity  4.;}:   On  the  other  hand,  the  sound  of  the  English 

*  This  sound  of  the  vowel  a  is  scarcely  used  in  our  language,  though  very  common  in  most 
't  the  continental  tongues  ;  the  nearest  approach  to  it  in  English  is  the  a  in  far ;  but  this  is 
t  very  perceptible  modification,  tending  towards  au. 

t  The  short  vowel  sounds,  as  a  in  fat,  e  in  met,  0  in  pot,  &C.5  are  not  capable  of  pro- 
longation, 

+  The  mode  of  making  a  determination  of  this  kind  may  here  be  given,  for  the  sake  of 
sample.  If  the  broad  a  be  sounded,  the  mouth  and  fauces  being  opened  wide,  and  wo 
-ontract  the  oral  orifice  by  degrees,  at  the  same  time  slightly  elevating  the  point  of  tlie 
tungue,  we  gradually  come  to  the  sound  of  au ;  by  still  further  contracting  the  orifice,  and 
igain  depressing  the  tongue,  we  form  00.  On  the  other  hand,  in  sounding  e,  the  tongue  is 
i';iised  nearly  to  the  roof  of  the  mouth  ;  if  it  be  depressed,  without  the  position  of  the  lips 
lieing  altered,  uu  is  given. 
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i  cannot,  like  that  of  a  true  vowel,  be  prolonged  ad  lihitum;  it  is  in  fact  a  . 
sort  of  diphthong,  resulting  from  the  transition  from  a  peculiar  indefinili 
mm-mur  to  the  sound  of  e,  which  takes  its  place  when  we  attempt  to  con- 
tinue it.  The  sound  oy  or  oi,  as  in  oil,  is  a  good  example  of  the  true 
diphthong ;  being  produced  by  the  transition  from  au  to  e.  In  the  same 
manner",  the  diphthong  ou,  which  is  the  same  with  ow  in  owl,  is  produced 
in  the  rapid  transition  from  the  broad  a  of  ah,  to  the  oo  of  cool. — Mucli 
discussion  has  taken  place  as  to  the  true  character  of  y,  when  it  com- 
mences a  word,  as  in  yet,  yawl,  &c. ;  some  having  maintained  that  it  is  a 
consonant  (for  the  very  unsatisfactory  reason,  that  we  are  in  the  habit  of 
employing  a  rather  than  an,  when  we  desire  to  prefix  the  indefinite  articie 
to  such  words),  whilst  others  regai'd  it  as  a  peculiar  vowel.  A  slight  atten- 
tion to  the  position  of  the  vocal  organs  during  its  pronunciation,  makes 
it  very  clear,  that  its  sound  in  such  words  really  corresponds  with  that  ol' 
the  long  (English)  e;  the  pronunciation  of  the  word  yawl  being  the  samt 
as  that  of  eaul,  when  the  first  sound  is  not  prolonged,  but  rapidly  trans- 
formed into  the  second.  The  sound  of  the  letter  w,  moreover,  is  really  of 
tlie  vowel  character,  being  formed  in  the  raj)id  transition  from  oo  to  the 
succeeding  vowel;  thus  ivall  might  be  spelt  odall.  Many  similar  difiicul- 
tics  might  be  removed,  and  the  confoi-mity  between  spoken  and  written 
language  might  be  greatly  increased  (so  as  to  render  far  more  easy  tlu' 
acquirement  of  the  former  from  the  latter),  by  due  attention  to  the  state 
of  the  vocal  organs  in  the  production  of  the  simple  sounds. 

940.  It  is  not  very  diflicult  to  produce  a  tolerably  good  artificial  imita- 
tion of  the  Vowel  sounds.    This  was  accomplished  by  Kempelen,  by  means  i 
of  an  India-rubber  ball,  with  an  orifice  at  each  end,  of  which  the  lower  \ 
one  was  attached  to  a  reed :  by  modifying  the  form  of  the  ball,  the  dif- 
ferent vowels  could  be  sounded  during  the  action  of  the  reed.    He  alsi 
employed  a  short  funnel-like  tube,  and  obtained  the  different  sounds  1\\ 
covering  its  wide  opening  to  a  gi'eater  or  less  extent.    This  last  experi- 
ment has  been  repeated  by  Mr.  Willis ;  who  has  also  found  that  the  vowel 
sounds  might  be  imitated,  by  drawing  owi  a  long  straight  tube  from  the 
reed.    In  this  experiment  he  arrived  at  a  cm'ious  result: — with  a  tube  ot 
a  certain  length,  the  series  of  vowels,  i,  e,  a,  o,  u,  was  obtained,  by  gradu- ; 
ally  drawing  it  out ;  but,  if  the  length  was  increased  to  a  certain  point,  a 
further  gradual  increase  would  produce  the  same  sequence  in  an  inverted 
order,  u,  o,  a,  e,  i;  a  still  further  increase  would  produce  a  retm-n  to  the  i 
first  scale,  and  so  on.    When  the  pitch  of  the  reed  was  high,  and  the  pi]i' 
short,  it  was  found  that  the  vowels  o  and  u  could  not  be  distinctly  formetl. 
— the  proper  tone  being  injured  by  the  elongation  of  the  pipe  necessaiy  to 
produce  them ;  and  this,  Mr.  Willis  remarks,  is  exactly  the  case  in  the 
Human  voice,  most  singers  being  unable  to  pronounce    and  o  upon  theu"  i 
highest  notes. 

941.  The  most  natural  primary  division  of  the  Consonants,  is  into  those 
which  require  a  total  stoppage  of  the  breath  at  the  moment  pre-\aous  to 
tlieir  being  pronounced,  and  which,  therefore,  cannot  be  prolonged;  and 
those  in  pronouncing  which  the  interruption  is  partial,  and  which  can,  like 
the  vowel  sounds,  be  prolonged  ad  lihitum.  The  former  have  received 
the  designation  of  ex2)losive;  and  the  latter  of  contimious. — In  pronounc- 
ing the  explosive  consonants,  the  posterior  nares  are  completely  closed,  so 
that  the  exit  of  air  through  the  nose  is  altogether  prevented;  and  the 
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•un-ent  may  be  checked  in  the  mouth  in  three  ways,  by  the  approxima- 
ion  of  the  Hps, — by  the  approximation  of  the  point  of  the  tongue  to  the 
ont  of  the  palate, — and  by  the  approximation  of  the  middle  of  the  tongue 

•  the  arch  of  the  palate.  In  the  first  of  these  modes,  we  pronounce  the 
-tters  b,  £iudp;  in  the  second,  d,  and  t;  in  the  third,  the  hard  g,  and  k. 
ilie  diflference  between  b,  d,  and  g,  on  the  one  hand,  and  p,  t,  and  h*  on 
he  other,  seems  to  depend  on  this ; — that  in  the  former  group  the 
ipproximating  surfaces  are  larger,  and  the  breath  is  sent  through  them 
nore  strongly  at  the  moment  of  opening,  than  in  the  latter. — The  con- 

nuous  consonants  may  be  again  subdivided,  according  to  the  degree  of 
rcedom  with  which  the  air  is  allowed  to  make  its  exit,  and  the  compres- 
ion  which  it  consequently  experiences,  i.  The  first  class  includes  those, 
a  which  no  passage  of  air  takes  place  through  the  nose,  and  in  which  the 
)arts  of  the  mouth  that  produce  the  sound  are  nearly  approximated 
ogether,  so  that  the  compression  is  considerable.  This  is  the  case  with 
'  and  f,  which  are  produced  by  approximating  the  upper  incisors  to  the 
ower  lip ;  and  which  stand  in  nearly  the  same  relation  to  each  other,  as 
hat  which  exists  between  d  and  t,  or  b  and  p.  The  sibilant  sounds,  z, 
lud  s,  also  stand  in  a  similar  relation  to  each  other ;  they  are  produced 
jy  the  passage  of  air  between  the  point  of  the  tongue  and  the  front  of  the 
lalate,  the  teeth  being  at  the  same  time  nearly  closed.  The  simple  sound 
h  is  formed,  by  narrowing  the  channel  between  the  dorsum  of  the  tongue 
md  the  palate ;  the  former  being  elevated  towards  the  latter,  through  a 
'nsiderable  part  of  its  length.  If,  in  sounding  s,  we  raise  the  point  of 
le  tongue  a  very  little,  so  as  to  touch  the  palate,  the  sound  of  t  is 
wived  j  and  in  the  same  manner  d  is  produced  from  z.  This  class  also 
iicludes  the  th ;  which,  being  a  perfectly  simple  sound,  ought  to  be 
xpressed  by  a  single  letter,  as  in  Greek,  instead  of  by  two,  whose  com- 
pilation does  not  really  produce  anything  like  it.  For  producing  this 
"und,  the  point  of  the  tongue  is  applied  to  the  back  of  the  incisors,  or 

•  the  front  of  the  palate,  as  in  sounding  t  ;t  but,  whilst  there  is  complete 
utact  of  the  tip,  the  air  is  allowed  to  pass  out  around  it.    ii.  In  the 

econd  class  of  continuous  consonants,  including  the  letters  m,  n,  I,  and  r, 
he  nostrils  are  not  closed;  and  the  air  thus  undergoes  very  little  com- 
u-ession,  even  though  the  passage  of  air  through  the  oral  cavity  is  almost 
1'  completely  checked.  In  pronouncing  m  and  n,  the  breath  passes 
hrough  the  nose  alone:  and  the  difference  of  the  sound  of  these  two 
■tters  must  be  due  to  the  variation  in  the  form  of  the  cavity  of  the 
aouth,  which  acts  by  resonance.  The  letter  m  is  a  labial,  like  b  ;  and 
lie  only  difference  between  the  two  is,  that  in  the  former  the  nasal  passage 
>  open,  whilst  the  mouth  remains  closed ;  whilst  in  the  latter,  the  nose  is 
ntirely  closed,  and  the  sound  is  formed  at  the  moment  of  opening  the 
iiouth.  The  same  coiTcspondence  exists  between  n  and  t,  or  n  and  g  (the 
i.irticular  part  of  the  tongue  approximated  to  the  palate  not  being  of 
iiuch  consequence  in  the  pronunciation  of  n) ;  and  hence  it  is  that  the 
l  ansition  from  n  to  t,  or  from  n  to  g,  is  so  easy,  that  the  combinations 
and  ng  are  found  abundantly  in  most  languages.  The  sound  of  I  is 
l  oduced  by  bringing  the  tip  of  the  tongue  into  contact  with  the  palate, 

•  For  the  sake  of  proper  comparison,  this  letter  should  be  sounded  not  as  l<ay  but  as  liey, 
t  Hence  it  is  easy  to  understand  the  substitution  of  t  or  d,  for  the  English  th^  by 
I'jigners. 
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and  allowing  the  air  to  escape  around  it,  at  the  same  time  that  a  vocal  ■ 
tone  is  generated  in  the  larynx ;  it  differs,  therefore,  from  th  in  the  posi- 
tion at  which  the  obstruction  is  interposed,  as  well  as  in  the  slight  degi-ec 
of  compression  of  the  air  which  it  involves.  The  sound  of  the  lettoi 
r  depends  on  an  absolute  vibration  of  the  point  of  the  tongue,  in  a  narrow 
current  of  air  forced  between  the  tongue  itself  and  the  palate,  ni.  Tlic 
sounds  of  the  third  class  are  scarcely  to  be  termed  consonants,  since  tbcy 
are  merely  as2nrations  caused  by  an  increased  force  of  breath.  These  arc 
h,  and  the  guttui-al  cA*  of  most  foreign  languages  (the  Greek  y).  Tin 
first  is  a  simple  aspiration;  the  second  an  aspiration  modified  by  tin 
elevation  of  the  tongue,  causing  a  slight  obstruction  to  the  pa.ssage  ol 
air,  and  an  increased  resonance  in  the  back  of  the  mouth.  This  sound 
would  become  either  g  or  k,  if  the  tongue,  whilst  it  is  being  produced, 
were  carried  up  to  touch  the  jjalate.t 

942.  These  distinctions  come  to  be  of  much  importance,  when  we 
apply  ourselves  to  the  treatment  of  defects  of  articulation.  Great  as  is 
the  number  of  muscles  employed  in  the  production  of  definite  vocal 
sounds,  the  number  is  much  greater  for  tliose  of  articulate  language;  and 
the  varieties  of  combination  which  we  are  continually  forming  uncon- 
sciously to  o\;rselves,  would  not  be  suspected,  without  a  minute  analysis 
of  the  separate  actions.  Thus,  in  uttering  the  explosive  sounds,  we 
check  the  passage  of  au-  through  the  posterior  nares,  in  the  very  act  of 
articulating  the  letter;  and  yet  this  important  movement  commonly 
passes  unobserved. — We  nmst  regard  the  power  of  forming  the  several 
articulate  sounds  which  have  been  adverted  to,  and  their  simple  com- 
binations, as  so  far  resulting  from  intuition,  that  it  can  in  general  be 
more  readily  acquired  by  early  practice  than  other  actions  of  the  same 
complexity ;  but  we  find  that  among  different  Races  of  Men,  there  exist 
tendencies  to  the  production  of  different  sounds,  which,  though  doubtless 
influenced  in  great  degree  by  early  habit  (since  we  find  that  childi-en, 
when  first  leai-ning  to  speak,  form  their  habits  of  vocalization  in  great 
degree  in  accordance  with  the  examples  amidst  which  they  are  placed), 
ai-e  certainly  also  dependent  in  part  upon  congenital  constitution,  as 
Ave  often  see  in  the  case  of  children  among  ourselves,  who  gi-ow  up  with 
certain  peculiarities  of  pronunciation  of  which  they  do  not  seem  able  to 
divest  themselves.  It  is,  however,  in  the  want  of  power  to  comhine  the 
different  muscular  actions  concerned  in  vocalization,  that  the  defect 
termed  Stammering  essentially  consists. 

943.  Many  theories  regarding  the  nature  of  Stammering  have  been 
proposed;  and  there  can  be  little  doubt  that  the  impediment  rnay  bo 
attributed  to  a  great  variety  of  exciting  causes.  A  disordered  action  of 
the  nervous  centres  must,  howevei-,  be  regarded  as  the  proximate  cause  ; 
though  this  may  be  (to  use  the  language  of  Dr.  M.  Hall)  either  of  centric 
or  of  excentric  origin, — that  is  it  may  result  from  a  morbid  condition  of 
the  ganglionic  centre,  or  from  an  abnormal  impression  conveyed  thi-or.gli 
its  afferent  nerves.  When  of  centric  origin  (and  this  is  probably  the  most 
general  case),  the  phenomena  of  Stammering  and  Chorea  have  a  close 
analogy  to  each  other;  in  fact  stammering  is  frequently  one  of  the  modet^ 

•  The  English  ch  is  merely  a  combination  of  i!  with  sh;  thus  chime  might  be  spelt 
+  The  general  classification  proposed  by  Dr.  M.  Hall  has  been  liere  adopted,  with  soiut 
modification  as  to  the  details. 
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ill  which  the  disordered  condition  of  the  nervous  system  in  Chorea  raani- 
lests  itself. — It  is  in  the  pronnnciation  of  the  Consonants  of  the  ex^'^losive 
^lass,  that  the  stammerer  experiences  the  greatest  difficulty.    The  total 

nterruption  to  the  breath  which  they  occasion,  frequently  becomes  quite 
spasmodic;  and  the  whole  fi'ame  is  thrown  into  the  most  distressing 
somi-convulsive  movement,  until  relieved  by  expiration.*  In  the  pro- 
nunciation of  the  continuous  Consonants  of  the  first  class,  the  stammerer 
usually  prolongs  them,  by  a  spasmodic  continuance  of  the  same  action ; 
and  there  is,  in  consequence,  an  impeded,  but  not  a  suspended  respira- 
tMu.  The  same  is  the  case  with  the  I  and  r  in  the  second  class.  In 
prouoiuicing  the  m  and  n,  on  the  other  hand,  as  well  as  the  aspirates  and 
vowels,  it  is  sometimes  observed  that  the  stammerer  prolongs  the  sound, 
by  a  full  and  exhausting  expiration.  In  all  these  cases,  then,  it  seems 
.13  if  the  muscular  sense,  resulting  from  each  particular  combination  of 
actions,  became  the  stimulus  to  the  involuntary  prolongation  of  that 
action.  It  is  possible  that  the  defect  may  result,  in  some  instances,  from 
lualfonnation  of  the  parts  about  the  fauces,  producing  an  abnormal 

timulus  of  this  kind  in  some  particular  positions  of  the  organ;  and  such 
ciises  may  he  really  benefited  by  an  operation  for  the  removal  of  these 
parts.  But  the  effect  of  such  an  operation  is  certainly  exerted  in  most 
cases  through  the  mind  of  the  patient ;  the  expectation  of  benefit  from  it 
tending  to  improve  his  command  over  the  muscles  of  vocalization,  which 
Emotional  excitement  always  impairs ;  and  the  improvement  is  usually 
proportional  to  the  confidence  which  he  has  been  led  to  feel  in  the  result. 
The  slightest  disturbance  of  the  feelings  is  sufficient  in  most  Stammerers 
to  induce  a  complete  perturbation  of  the  vocal  powers;  the  very  fear  that 
-tammering  will  occur,  particularly  under  circumstances  which  render  it 
peculiarly  annoying,  is  often  sufficient  to  bring  it  on  in  a  predisposed 

abject;  and  the  tendency  to  consensual  imitation  sometimes  occasions 

tammering,  in  individuals  (especially  children)  who  never  show  the  slight- 
-  st  tendency  to  it  except  when  they  witness  the  difficulty  in  others. 

944.  The  method  proposed  by  Dr.  Arnott  for  the  prevention  of  Stam- 
mering, consists  in  the  connection  of  all  the  words  by  a  vocal  intonation, 
in  such  a  manner,  that  there  shall  never  be  an  entire  stoppage  of  the 
lireath.    It  is  justly  remarked  by  Miiller,  however,  that  this  plan  may 

fiPord  some  benefit,  but  cannot  do  everything;  since  the  main  im- 
Ijcdiment  occurs  in  the  middle  of  words  themselves.  One  important 
I'cmedial  means,  on  which  too  much  stress  cannot  be  laid,  is  to  study 
(■arefuUy  the  mechanism  of  the  articulation  of  the  difficult  letters,  and  to 
practise  their  pronunciation  repeatedly,  slowly,  and  analytically.  The 
[latient  would  at  first  do  well  to  practise  sentences  from  which  the  ex- 
plosive consonants  are  omitted;  his  chief  difficulty,  arising  from  the 
spasmodic  suspension  of  the  expiratory  movement,  being  thus  avoided. 
I  f aving  mastered  these,  he  may  pass-on  to  others,  in  which  the  difficult 
letters  are  sparingly  introduced;  and  may  finally  accustom  himself  to 
the  use  of  ordinaiy  language.  One  of  the  chief  points  to  be  aimed-at,  is 
'o  make  the  patient  feel  that  he  has  command  over  his  muscles  of 
ii'ticulation ;  and  this  is  the  best  done,  by  gi'adually  leading  him  from 

*  By  Dr.  Amott  this  interruption  is  represented  .is  taking  place  in  the  larynx;  that  such 
^  not  usually  the  case,  the  Author  believes  that  a  little  attention  to  the  ordinary  phenomena 
f  voice  will  satisfactorily  prove. 
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that  which  he  finds  he  can  do,  to  that  which  he  fears  he  cannot.  Tlic 
fact  that  stammering  people  are  able  to  sing  their  words  better  than  to 
s2Jeak  them,  has  been  usually  explained  on  the  supposition  that,  in  siuo-. 
ing,  the  glottis  is  kept  open,  so  that  there  is  less  liability  to  spasmodic 
action;  if,  however,  as  here  maintained,  the  spasmodic  action  is  not  in 
the  larynx,  but  in  the  velum  palati  and  the  muscles  of  articulation,  the 
difference  must  be  due  to  the  direction  of  the  atteiation  rather  to  the 
muscles  of  the  larynx  than  to  those  of  the  mouth. — One  of  the  most 
important  objects  to  be  aimed-at  in  the  treatment  of  stammering,  con- 
sists in  the  prevention  of  all  Emotional  distiu-bance  in  connection  with 
the  act  of  Speech ;  and  this  requires  the  exercise  of  the  Voluntaiy  powei 
over  the  direction  of  the  thoughts,  in  the  following  modes: — 1.  To 
reduce  mental  emotion,  by  a  daily,  hourly,  habit  of  abstracting  the  mind 
from  the  subject  of  stammering,  both  while  speaking,  and  at  other  times. 
2.  To  avoid  exciting  mental  emotion  by  attempting  unnecessarily  to  read 
or  speak,  when  the  individual  is  conscious  that  he  shall  not  be  able  to 
perform  these  actions  without  great  distress.  3.  To  elude  mental  emo- 
tion, by  taking  advantage  of  any  little  ai'tifice  to  escape  from  stammer- 
ing, so  long  as  the  ai'tifice  continues  to  be  a  successful  one. — Much  may 
frec[uently  be  done,  also,  by  constitutional  treatment,  adapted  to  improve 
the  general  condition  of  the  nervous  system.* 


CHAPTER  XVIIL 

INFLUENCE  OF  THE  NERVOUS  SYSTEM  ON  THE  ORGANIC 

FUNCTIONS. 

945.  Op  the  modes  in  which  the  Nervous  System  influences  the 
Oi-gauic  Functions,  a  great  part  have  been  already  considered  :  for  it  has 
been  shown  to  be  concerned  in  providing  the  conditions,  either  immediate 
or  remote,  under  which  alone  these  functions  can  be  performed ;  so  that, 
when  its  activity  ceases,  they  cannot  be  much  longer  maintained.  But 
the  influence  of  the  Nervous  System  is  not  alone  exerted  upon  the  motor 
or  contractile  tissues  of  the  body ;  for  there  is  good  evidence  that  it  has  a 
direct  operation  uj)on  the  molecular  changes  which  constitute  the  ftmc- 
tions  of  Nutrition,  Secretion,  &c. ;  and  it  is  quite  conformable  to  the 
general  views  formerly  expressed  (chap,  hi.),  respecting  the  relations  of 
the  different  kinds  of  Vital  Force,  that  the  nerve-force,  which  is  itselt 
generated  by  cell-development,  should  in  its  turn  be  able  to  modify  other 
processes  of  cell-development  (§  111).  And  this  view  may  be  admitted 
to  its  fullest  extent,  without  oui"  thereby  being  led  to  regai-d  the  pro- 
cesses in  question  as  dependent  upon  Nervous  agency, — a  doctrine  foi' 
which  there  seems  no  valid  foundation,  since  they  go-on  with  the  gi-eatest 
rapidity  and  energy  in  the  Vegetable  kingdom,  in  which  nothing  ap- 
proaching to  a  Nervous  System  exists ;  whilst  in  the  Animal  kingdom  they 

*  See  on  the  subject  of  "  Stammering  and  its  Treatment,"  a  useful  pamphlet  under  tins 
title,  by  Bacc.  Med.  Oxen.,  18.50;  and  Mr.  Bishop's  treatise  "On  Articulate  Sounds,  ana 
on  the  Causes  and  Cure  of  Impediments  of  Speech." 
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take  place  wdtli  equal  vigour,  long  before  the  least  vestige  of  it  appears. 
We  shall  see  that  iu  the  earliest  condition  of  foetal  life,  the  germ  consists 
but  of  a  congeries  of  cells,  which  have  all  originated  in  a  single  one  (§  993) ; 
and  from  this  mass,  the  several  tissues  and  organs  are  successively  gene- 
rated by  the  processes  of  histological  and  morphological  transformation, — 
one  set  of  cells  being  converted  into  muscular  tissue,  another  into  nervous 
tissue,  another  into  mucous  membrane,  and  so  on.  Now  since  this  is  the 
case,  it  is  evident  that  all  these  processes  of  development  must  take  place, 
in  virtue  of  the  inherent  properties  of  the  primitive  substance  itself ;  since 
no  nei'vous  influence  can  be  supposed  to  operate,  before  nerves  are  called 
into  existence.  Throughout  the  Animal  body,  it  may  be  observed  that, 
the  more  Vegetative  the  natm^e  of  any  function,  the  less  is  it  connected 
with  the  Nervous  System ;  and  all  the  experiments  which  have  been 
regtirded  as  proving  that  the  Organic  functions  are  dependent  upon  Nerv- 
ous influence,  ai'e  really  explicable,  fully  as  well,  upon  the  supposition 
that  they  ai'e  capable  of  being  affected  hy  it,  either  iu  the  way  of  excite- 
ment or  retardation.  (See  §  447).  Moreover,  there  is  abundant  evidence 
that  Secretion  may  take  place  after  the  death  of  the  general  system, 
through  the  persistence  of  certain  molecular  changes  whose  essential 
conditions  are  not  immediately  altered ;  thus  Mr.  T.  Bell  mentions  that, 
iu  dissecting  the  poison-apparatus  of  a  Eattle-snake  which  had  been 
dead  for  some  hours,  the  poison  continued  to  be  secreted  so  fast  as 
to  require  being  occasionally  dried-oflF.  This  is  precisely  what  might 
have  been  anticipated,  from  the  independent  power  of  growth  in  the 
secreting  cells ;  and  other  acts  of  Nutrition  are  recorded  to  have  occm-red 
under  similar  circumstances.  In  such  a  case,  the  Animal  body  is  reduced 
to  the  condition  of  a  Plant  j  since  the  influence  of  the  Nervous  system 
must  then  be  entirely  extinct.  Upon  those  who  maintain  that  Nervous 
igency  is  a  condition  essential  to  those  molecular  actions  of  which  Nutri- 
tion and  Secretion  consist,  it  is  incumbent,  therefore,  to  offer  some  more 
imexceptionable  proof  of  their  position  than  has  yet  been  given;  since 
their  doctrine  is  opposed  by  so  many  considerations  of  great  weight. 

946.  That  many  of  the  Organic  Functions,  however,  are  directly 
nfluenced  by  the  Nervous  System,  is  a  matter  which  does  not  admit  of 
■lisinite  j  and  this  influence,  exerted  sometimes  in  exciting,  sometimes  in 
checking,  and  sometimes  in  otherwise  modifying  them,  may  well  be  com- 
pared to  that  which  the  hand  and  heel  of  the  rider  have  upon  his  horse, 
or  which  the  engine-driver  exerts  over  a  locomotive.    It  is  most  remark- 
ibly  manifested  in  the  result  of  severe  injmy  of  the  Nervous  centres,  such 
IS  concussion  of  the  Brain  or  of  the  Solar  plexus  (§  321) ;  for  this  does 
'lot  merely  bring  about  a  suspension  of  the  respiratory  and  other  move- 
nents  which  minister  to  the  Organic  functions,  hence  inducing  a  gradual 
stagnation  of  the  latter ;  but  occasions  a  sudden  and  complete  cessation  of 
-bo  whole  train  of  action,  which  cannot  bo  attributed  to  any  other  cause 
'.han  a  positive  depressing  influence  of  some  kind,  propagated  through  the 
N^ervous  System.    In  such  cases,  even  the  vitality  of  the  Blood  is  often 
looted ;  the  usual  coagulation  not  taking  place  after  death,  so  long,  at 
Gfist,  as  the  blood  remains  within  the  vessels.    A  similar  general  depres- 
ion  may  result  from  Mental  Emotion,  operating  through  the  same 
channel ;  but  this  more  commonly  has  rather  a  local  action,  or  operates 
nore  gradually  (§  797). 

3  H 
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947.  The  influence  of  the  Nervous  System  is  often  especially  exei-ted, 
in  giving  temporary  excitement  to  a  Secreting  process,  which  need  not  ])e 
kej)t  in  constant  activity,  or  of  which  circumstances  may  occasionally 
requu-e  an  increase.  This  is  the  case,  for  example,  in  regard  to  the  secre- 
tions connected  with  the  process  of  digestion, —  the  Saliva,  Gastric  fluid, 
Bile,  Pancreatic  fluid,  &c. ;  all  of  these  being  excited  by  the  contact  of 
the  substances  on  which  they  act,  with  the  surfaces  on  which  their 
respective  ducts  open.  The  secretion  of  Milk,  again,  in  a  nursing  female, 
maybe  excited  by  irritation  of  the  nipple;  and  the  determination  of 
blood  to  the  Mammae  during  pregnancy  arises  from  an  increased  action 
in  the  part,  which  is  probably  excited  sympathetically  by  the  changes 
occm-ring  in  the  Uterus ;  and  for  this  kind  of  communication,  the  Sympor 
thetic  System  seems  to  afford  the  readiest  channel,  since  the  organs  in 
question  are  for  the  most  part  supplied  by  it.  There  is  an  appai'ent 
exception,  however,  in  the  case  of  the  Salivary  and  Lachrymal  glands, 
which  ai-e  supplied  by  the  5th  Pair ;  but  this  nerve  contains  so  many 
organic  filaments,  and  is  so  intimately  connected  with  the  Sympathetic, 
as  evidently  to  supply  (in  the  head)  the  place  of  a  separate  ganglionic 
system.  It  is  by  Nervous  influence,  that  the  mucous  secretion  covering 
the  membranes  is  caused  to  be  regularly  formed  for  their  protection;  for 
it  is  shown  by  pathological  facts,  tliat,  when  this  influence  is  interrupted, 
and  the  secretion  is  no  longer  supplied,  the  membrane,  losing  its  protection, 
is  irritated  by  the  air  or  the  fluids  with  which  it  may  be  in  contact,  and 
passes  into  an  inflammatory  condition.  This  is  partly  the  explanation  of 
the  fact,  which  has  been  well  ascertained,  that  the  eye  is  liable  to  suppu- 
rate when  the  5th  pair  has  been  divided ;  and  that  the  mucous  membrane 
of  the  bladder  becomes  diseased  in  paraplegia. 

948.  The  influence  of  particular  conditions  of  the  Mind,  in  exciting 
various  Secretions,  is  a  matter  of  daily  experience.  The  flow  of  Saliva, 
for  example,  is  stimulated  by  the  idea  of  food,  especially  that  of  a  savoury 
character.  The  Lachrymal  secretion,  again,  which  is  continually  being 
formed  to  a  small  extent  for  the  purpose  of  bathing  the  surface  of  the 
eye,  is  poured-out  in  great  abundance  under  the  moderate  excitement  of 
the  emotions,  either  of  joy,  tenderness,  or  grief  It  is  checked,  however, 
by  violent  emotions ;  hence  in  intense  gi'ief,  the  tears  do  not  flow ;  and  it  is 
a  well-known  proof  of  moderated  sorrow  when  the  gush  takes  place,  this 
very  act  affording  a  further  relief  (§  797).  Violent  emotion  may  also  sus- 
pend the  Salivary  secretion ;  as  is  shown  by  the  well-known  test,  often 
resorted-to  in  India,  for  the  discovery  of  a  thief  amongst  the  servants  of  a 
family, — that  of  compelling  all  the  parties  to  hold  a  certain  quantity  of 
rice  in  the  mouth  during  a  few  minutes, — the  offender  being  generally  dis- 
tinguished by  the  comparative  dryness  of  his  mouthful  at  the  end  of  the 
experiment.  The  influence  of  the  emotion  of  love-of-offspring,  in  increasing 
the  secretion  of  Milk,  is  well  known.  The  formation  of  this  fluid  is  con- 
tinually going  on  during  the  period  of  lactation;  but  it  is  greatly  increased 
by  the  sight  of  the  infant,  or  even  by  the  thought  of  him,  especially  wlicn 
associated  with  the  idea  of  suckUng;  this  gives  rise  to  the  sudden  rush  ot 
blood  to  the  gland,  which  is  known  by  nurses  as  the  draught,  and  whicli 
occasions  a  gi-eatly-increased  secretion.  The  strong  desire  to  furnish  nnl^ , 
together  with  the  irritation  of  the  gland  through  the  nipple,  have  often  been 
effectual  in  producing  the  secretion  in  girls  and  old  women,  and  even  " 
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men  (§  1021,  c,  cV).  The  quantity  of  the  Gastric  secretion  is  increased  by 
exhilai'ation,  at  least  if  we  may  judge  from  the  increase  of  tlie  digestive 
powers  under  such  circumstances.  Freedom  from  mental  anxiety  favours 
the  secretion  of  Fat;  whilst  continual  solicitude  effectually  checks  the 
disposition.  It  has  been  stated  that  total  despair  has  an  equal  tendency 
with  absence  of  care,  to  produce  this  effect;  persons  left  long  to  pine  in 
condemned  cells,  without  a  shadow  of  hope,  frequently  becoming  remark- 
ably fat,  in  spite  of  their  slender  fare.*  The  odoriferous  secretion  of  the 
Skin,  whicli  is  much  more  powerful  in  some  individuals  than  in  others, 
is  increased  imder  the  influence  of  certain  mental  emotions  (as  fear  or 
bashfulness),  and  commonly  also  by  sexual  desire.  The  Sexual  secretions 
themselves  are  strongly  influenced  by  the  condition  of  the  mind.  When 
it  is  frequently  and  strongly  directed  towards  objects  of  passion,  these 
secretions  are  increased  in  amount,  to  a  degree  which  may  cause  them  to 
be  a  very  injurious  drain  on  the  powers  of  the  system.  On  the  other 
hand,  the  active  employment  of  the  mental  powers  on  other  objects,  has 
a  tendency  to  render  less  active,  or  even  to  check  altogether,  the  pro- 
cesses l3y  which  they  are  elaborated,  t 

*  Fletcher's  "  Rudiments  of  Physiology,"  Part  ii.,  h,  p.  11. 

+  This  is  a  simple  physiological  fact,  but  of  high  moral  application.    The  Author  would 
say  to  those  of  his  younger  readers,  who  urge  the  wants  of  Nature  as  an  excuse  for  the  illicit 
gratification  of  the  sexual  passion,  "  Try  the  effects  of  close  mental  application  to  some  of 
those  ennobling  pursuits,  to  which  your  profession  introduces  you,  in  combination  with 
vigorous  bodily  exercise  (for  the  effects  of  which  see  §  771),  before  you  assert  that  the 
appetite  is  unrestrainable,  and  act  upon  that  assertion."    Nothing  tends  so  much  to  increase 
the  desire,  as  the  continual  direction  of  the  mind  towards  the  objects  of  its  gratification. 
The  following  observations,  which  the  Author  believes  to  be  strictly  correct,  are  extracted 
from  a  valuable  little  work  (anonymous)  intitled,  "  Be  not  deceived,"  addressed  to  Young 
Men ;  they  are  directed  to  those  who  maintain  that,  the  married  state  being  natural  to  Man, 
illicit  intercourse  is  necessary  for  those  who  are  prevented  by  circumstances  from  otherwise 
gratifying  the  sexual  passion.    "  When  the  appetite  is  jiaturally  indulged,  that  is,  in  max- 
rifige,  the  necessary  energy  is  supplied  by  the  nervous  stimulus  of  its  natural  accompaniment 
of  love  before  referred-to,  which  prevents  the  injury  that  would  otherwise  arise  from  the 
increased  expenditure  of  animal  power  :  and  in  like  manner  also,  the  function  being  in  itself 
grateful,  this  personal  attachment  performs  the  further  necessary  office  of  preventing  immo- 
derate indulgence,  by  dividing  the  attention,  through  the  numerous  other  sources  of  sympathy 
and  enjoyment  which  it  simultaneously  opens  to  the  mind.    But,  when  the  appetite  is  irre- 
Ruiarly  indulged,  that  is  in  fornication,  for  want  of  the  healthful  vigour  of  true  love,  its 
energies  become  exhausted ;  and  from  the  want  of  the  numerous  other  sympathetic  sources  of 
enjoyment  in  true  love,  in  similar  thoughts,  common  pursuits,  and  above  all  in  common  holy 
hopes,  the  mere  gross  animal  gratification  of  lust  is  resorted  to  with  unnatural  frequency,  and 
thus  its  powers  become  still  further  exhausted,  and,  therefore,  still  more  unsatisfying,  while, 
at  the  same  time,  a  habit  is  thus  created,  and  these  jointly  cause  an  increased  craving  ;  and 
the  still  greater  deficiency  in  the  satisfaction  experienced  in  its  indulgence  further,  continually, 
I'ver  in  a  circle,  increases — the  habit,  demand,  indulgence,  consequent  exhaustion,  diminished 
i^atisfaction,  and  again  demand, — till  the  mind  and  body  alike  become  disorganised."  Such 
considerations  as  these  may^,  to  some  persons,  appear  misplaced  in  a  Physiological  Treatise — 
yet  the  Author  feels  sure  that,  by  his  well-judging  readers,  he  will  not  be  blamed  for  advert- 
ing to  this  subject,  or  for  the  introduction  of  the  above  quotation  from  a  writer,  of  whom  he 
lias  no  personal  knowledge,  but  whose  object  must  be  confessed  by  all  to  be  laud.ible.  There 
seems  to  be  something  in  the  process  of  training  young  men  for  the  Medical  Profession,  which 
encourages  in  them  a  laxity  of  thought  and  expression  on  these  matters,  that  generally  ends 
in  a  laxity  of  principle  and  of  action.     It  might  have  been  expected  that  those  who  are  so 
continually  witnessing  the  melancholy  consequences  of  the  violation  of  the  Divine  law  in  this 
I'articular,  would  be  the  last  to  break  it  themselves:  but  this  is  unfortunately  very  far  from 
being  the  case.    The  Author  regrets  to  be  obliged  further  to  remark,  tluit  some  works 
which  have  issued  from  the  Medical  press,  contain  much  that  is  calcidated  to  excite,  rather 
than  to  repress,  the  propensity;  and  that  the  advice  sometimes  given  by  practitioners  to  their 
I'atients,  is  immoral  as  well  as  unscientific. 

3  II  2 
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949.  No  secretion  so  evidently  exhibits  the  influence  of  the  depressing 
Emotions,  as  that  of  the  MammaD ;  but  this  may  be  partly  due  to  the 
fact,  that  the  digestive  system  of  the  Infant  is  a  more  delicate  apparatus 
for  testing  the  qualities  of  that  secretion,  than  any  which  the  Chemist 
can  devise ;  affording  proof,  by  disorder  of  its  function,  of  changes  in  the 
character  of  the  Milk,  which  no  examination  of  its  physical  properties 
could  detect.    The  following  remarks  on  this  subject  ax-e  abridged  from 
Sir  A.  Cooper's  valuable  work  on  the  Breast.    "  The  secretion  of  milk 
proceeds  best  in  a  tranquil  state  of  mind,  and  with  a  cheerful  temper; 
then  the  milk  is  regularly  abundant,  and  agrees  well  with  the  child. 
On  the  contrary,  a  fretful  temper  lessens  the  quantity  of  milk,  makes 
it  thin  and  serous,  and  causes  it  to  disturb  the  child's  bowels,  producing 
intestinal  fever  and  much  griping.    Fits  of  anger  produce  a  very  irritat- 
ing milk,  followed  by  griping  in  the  infant,  with  green  stools.    Grief  has 
a  great  influence  on  lactation,  and  consequently  upon  the  child.  The 
loss  of  a  near  and  dear  relation,  or  a  change  of  fortune,  will  often  so 
much  diminish  the  secretion  of  milk,  as  to  render  adventitious  aid  neces- 
sary for  the  support  of  the  child.    Anxiety  of  mind  diminishes  the 
quantity,  and  alters  the  quality,  of  the  milk.    The  reception  of  a  letter 
which  leaves  the  mind  in  anxious  suspense,  lessens  the  di'aught,  and  the 
breast  becomes  empty.    If  the  child  be  ill,  and  the  mother  is  anxious 
respecting  it,  she  complains  to  her  medical  attendant  that  she  has  little  mUk, 
and  that  her  infant  is  griped,  and  has  frequent  green  and  frothy  motions. 
Fear  has  a  powerful  influence  on  the  secretion  of  milk.    I  am  informed 
by  a  medical  man  who  practises  miich  among  the  poor,  that  the  appre- 
hension of  the  brutal  conduct  of  a  drunken  husband,  will  put  a  stop  for 
a  time  to  the  secretion  of  milk.    When  this  happens,  the  brcEist  feels 
knotted  and  hard,  flaccid  from  the  absence  of  milk,  and  that  which  is 
secreted  is  highly  irritating,  and  some  time  elapses  before  a  healthy 
secretion  returns.    Terror,  which  is  sudden  and  gi'cat  fear,  instantly 
stops  this  secretion."    Of  this,  two  striking  instances,  in  which  the  secre- 
tion, although  previously  abundant,  was  completely  arrested  by  this 
emotion,  are  detailed  by  Sir  A.  C.    "  Those  passions  which  are  generally 
som'ces  of  pleasure,  and  which,  when  moderately  indulged,  are  conducive 
to  health,  will,  when  carried  to  excess,  altei',  and  even  entirely  check  the 
secretion  of  milk." 

950.  There  is  even  evidence  that  the  Mammary  secretion  may  acquire 
an  actually  poisonous  character,  imder  the  influence  of  violent  mental 
excitement ;  for  certain  phenomena  wdiich  might  otherwise  be  regai'dcd 
in  no  other  light  than  as  simple  coincidences,  appear  to  justify  this  ui- 
ference,  when  interpreted  by  the  less  striking  but  equally  decisive  facts 
already  mentioned.  "  A  Carpenter  fell  into  a  quarrel  with  a  Soldier 
billeted  in  his  house,  and  was  set  upon  by  the  latter  with  his  drawn 
sword.  The  wife  of  the  Carpenter  at  first  trembled  from  fear  and  terror, 
and  then  suddenly  threw  herself  furiously  between  the  combatants, 
wrested  the  sword  from  the  soldier's  hand,  broke  it  in  pieces,  and  threw 
it  away.  During  the  tumult,  some  neighbours  came  in  and  separated  the 
men.  While  in  this  state  of  strong  excitement,  the  mother  took  up  her 
child  from  the  cradle,  where  it  lay  playing,  and  in  the  most  pertec 
health,  never  having  had  a  moment's  illness ;  she  gave  it  the  breast,  au^ 
in  so  doing  sealed  its  fi\te.    In  a  few  minutes  the  infant  left  off  suckiug, 
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became  restless,  panted,  and  sank  dead  upon  its  mother's  bosom.  The 
physician  who  was  instantly  called  in,  found  the  child  lying  in  the 
ci'adle,  as  if  asleep,  and  with  its  features  undisturbed;  but  all  his  re- 
sources were  fruitless.    It  was  irrecoverably  gone."*    In  this  interesting 
case,  the  milk  must  have  undergone  a  change,  which  gave  it  a  powerful 
sedative  action  upon  the  susceptible  nervous  system  of  the  infant. — The 
following,  which  occurred  within  the  Author's  own  knowledge,  is  perhaps 
equally  valuable  to  the  Physiologist,  as  an  example  of  the  similarly-fatal 
influence  of  undue  emotion  of  a  diiferent  character;  and  both  should 
serve  as  a  salutary  warning  to  mothers,  not  to  indulge  either  in  the 
exciting  or  depressing  passions.    A  Lady  having  several  children,  of 
which  none  had  manifested  any  particular  tendency  to  cerebral  disease, 
and  of  which  the  youngest  was  a  healthy  infant  a  few  months  old,  heard 
of  the  death  (fi-om  acute  hydrocephalus)  of  the  infant  child  of  a  friend 
residing  at  a  distance,  with  whom  she  had  been  on  terms  of  close  inti- 
macy, and  whose  family  had  increased  almost  contemporaneously  with 
her  own.    The  circumstance  naturally  made  a  strong  impression  on  her 
mind ;  and  she  dwelt  upon  it  the  more,  perhaps,  as  she  happened,  at  that 
period,  to  be  separated  from  the  rest  of  her  family,  and  to  be  much  alone 
with  her  babe.    One  morning,  shortly  after  having  nm-sed  it,  she  laid  the 
infant  in  its  cradle,  asleej)  and  apparently  in  perfect  health ;  her  attention 
was  shortly  attracted  to  it  by  a  noise ;  and,  on  going  to  the  cradle,  she 
found  her  infant  in  a  convulsion,  which  lasted  a  few  moments  and  then 
left  it  dead.    Now,  although  the  influence  of  the  mental  emotion  is  less 
unequivocally  displayed  in  this  case  than  in  the  last,  it  can  scarcely  be  a 
matter  of  doubt;  since  it  is  natural  that  no  feeling  should  be  stronger  in 
the  mother's  mind  under  such  circumstances,  than  the  fear  that  her  own 
beloved  child  should  be  taken  from  her,  as  that  of  her  friend  had  been; 
and  it  is  probable  that  she  had  been  particularly  dwelling  on  it,  at  the 
time  of  nm-sing  the  infant  on  that  morning.— Afiother  instance,  in  which 
the  maternal  influence  was  less  certain^  but  in  which  it  was  not  impro- 
bably the  immediate  cause  of  the  fatal  termination,  occurred  in  a  family 
nearly  related  to  the  Author's.    The  mother  had  lost  several  children  in 
eai'ly  infancy,  from  a  convulsive  disorder;  one  infant,  however,  survived 
tlie  usually-fatal  period ;  but  whilst  nursing  him  one  morning,  she  had 
been  strongly  dwelling  on  the  fear  of  losing  him  also,  although  he 
appeared  a  very  healthy  child.    In  a  few  minutes  after  the  infant  had 
been  transferred  into  the  arms  of  the  nurse,  and  whilst  she  was  urging 
aor  mistress  to  take  a  more  cheerful  view,  directing  her  attention  to  his 
Hiriving  appearance,  he  was  seized  with  a  convulsion-fit,  and  died  almost 

*  Dr.  Von  Ammon,  in  his  treatise  "  Die  ersten  Muttcrpflicliten  und  die  erste  Kindesp- 
''';'ge,"  quoted  in  Dr,  A.  Combe's  excellent  little  work  on  "  The  Management  of  Infancy." — 
"iinilar  facts  are  recorded  by  other  writers.    Mr.  Wardrop  mentions  ("  Lancet,"  No.  516), 
iiat  having  removed  a  small  tumour  from  behind  the  ear  of  a  mother,  all  went  well,  nntil  she 
11  into  a  violent  passion  ;  and  the  child,  being  suckled  soon  afterwards,  died  in  convulsions. 
I  fe  was  sent  for  hastily  to  see  another  child  in  convulsions,  after  taking  the  breast  of  a  nurse 
'•"ho  had  just  been  severely  reprimanded  ;  and  he  was  informed  by  Sir  Richard  Croft,  that  he 
id  seen  many  similar  instances.    Three  others  are  recorded  by  Burdach  ("■  Physiologic," 
•'^2);  in  one  of  them,  the  infant  was  seized  with  convulsions  on  the  right  side,  and  hemi- 
'■gia  on  the  left,  on  sucking  innnediately  after  its  uiotlier  luid  met  witli  some  distressing 
'  currence.    Another  case  was  thiit  of  a  puppy,  which  was  seized  with  epileptic  convulsions, 
sucking  its  mother  after  a  lit  of  rage. 
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instantly.  Now  althongli  there  was  here  unquestionably  a  predisposing 
cause,  of  which  there  is  no  evidence  in  the  other  cases,  it  can  scarcely  be 
doubted  that  the  exciting  cause  of  the  fatal  disorder  is  to  be  referred  to 
the  mother's  anxiety.  This  case  offers  a  valuable  suggestion, — which, 
indeed,  would  be  afTorded  by  other  considerations, — that  an  infant,  under 
such  circumstances,  should  not  be  nursed  by  its  mother,  but  by  another 
woman  of  placid  temperament,  who  has  reared  healthy  children  of  her 
own. 

951.  Other  Secretions  are  in  like  manner  vitiated  by  mental  Emotions, 
although  the  influence  is  not  always  so  manifest.  Thus,  the  halitus  from 
the  lungs  is  sometimes  almost  instantaneously  affected  by  bad  news,  so 
as  to  produce  foetid  breath.  A  copious  secretion  -of  foetid  gas  not  imfre- 
quently  takes  place  in  the  intestinal  canal,  under  the  influence  of  any 
disturbing  emotion ;  or  the  usual  fluid  secretions  from  its  walls  are  simi- 
larly disordered.  The  tendency  to  Defecation,  which  is  commonly  excited 
under  such  circumstances,  is  not,  therefore,  due  simply  to  the  relaxation 
of  the  sphincter  ani  (as  commonly  supposed) ;  but  is  partly  dependent  on 
the  unusually  stimulating  character  of  the  fasces  themselves.  The  same 
may  be  said  of  the  tendency  to  Micturition,  which  is  experienced  under 
similar  conditions;  the  change  in  the  character  of  the  m-ine  becoming 
lDercei)tible  enough  among  many  animals,  in  which  it  acquires  a  power- 
fully-disagreeable odour  under  the  influence  of  fear,  and  thus  answers 
the  pui-jDose  which  is  effected  in  others  by  a  peculiar  secretion.  It  is  a 
prevalent,  and  perhaps  not  an  ill-founded  opinion,  that  melancholy  and 
jealousy  have  a  tendency  to  increase  the  quantity,  and  to  vitiate  the 
quality,  of  the  biliary  fluid ;  perhaps  the  disorder  of  the  organic  function  is 
more  commonly  the  som'ce  of  the  former  emotion,  than  its  consequence ; 
but  it  is  certain  that  the  indulgence  of  these  feelings  produces  a  decidedly 
morbific  effect  by  disordering  the  digestive  processes,  and  thus  reacts 
upon  the  nervous  system  by  impairing  its  healthy  nutrition. 

952.  The  influence  of  the  Nervous  System  upon  those  formative  pro- 
cesses which  constitute  the  function  of  Nutrition,  is  less  evident  than  it  is 
upon  the  Secretory  operations;  and  the  nature  of  this  influence  is  rather 
to  be  inferred  from  the  results  of  its  withdrawal,  than  to  be  demon- 
strated in  any  more  direct  manner.  These  results  are  chiefly  to  be  seen 
in  the  altered  nutrition  of  parts  exposed  to  external  impressions,  as  the 
integximents  generally,  but  particularly  those  of  the  extremities;  and 
they  may  be  generally  expressed  by  the  statement,  that  the  withdrawal 
of  nervous  influence  from  a  part,  renders  it  less  able  to  withstand  the 
destructive  influence  of  physical  agencies.  It  is  certain,  however,  that  a 
great  part  of  the  injurious  effects  which  may  be  observed  to  follow 
injuries  of  the  nerves  of  the  extremities,  expei-imentally  inflicted,  are 
traceable  to  want  of  power  on  the  part  of  the  animal,  consequent  upon  the 
paralysed  state  of  the  limbs,  to  withdi\aw  them  fi-om  irritating  impres- 
sions (§  394  note),  and  must  not  be  attributed  to  any  direct  deterioration 
of  the  formative  operations,  consequent  upon  the  withdrawal  of  nervous 
agency.  The  following  case,  however,  which  is  given  by  Mr.  Paget*  on 
the  authority  of  Mr.  Hilton,  seems  more  unequivocally  to  establish  this 
connexion.    "  A  man  was  at  Guy's  Hospital,  several  yeai's  ago,  who,  m 

*  '  Lectures  on  Nutrition,'  &c.,  in  "  Medical  Gazette,"  1 847. 
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consequence  of  a  fractiii*e  at  the  lower  end  of  the  radius  roj)ah'ed  by  an 
excessive  quantity  of  new  bone,  suffered  compression  of  the  median  nerve. 
He  had  ulceration  of  the  thumb,  and  of  the  fore  and  middle  fingers, 
which  had  resisted  various  treatment,  and  was  cured  only  by  so  binding 
the  wrist,  that  the  parts  on  the  palmar  aspect  being  relaxed,  the  pressure 
on  the  nerve  was  removed.  So  long  as  this  was  done,  the  ulcers  became 
and  remained  well;  but  as  soon  as  the  man  was  allowed  to  use  his  hand, 
the  pressm*e  on  the  nerves  was  removed,  and  the  ulceration  in  the  parts 
supplied  by  it  returned."  Mr.  Paget  also  mentions  the  following  curious 
case.  "  A  lady  who  is  subject  to  attacks  of  what  are  called  nervous 
headaches,  always  finds  next  morning  that  some  patches  of  her  hair  are 
white,  as  if  powdered  with  starch.  The  change  is  effected  in  a  night; 
and  in  a  few  days  after,  the  hairs  gradually  regain  their  dark  brownish 
colom-." — That  such  effects  are  rather  to  be  attributed  to  the  loss  or  perver- 
sion of  the  influence  of  the  Sympathetic  System,  than  to  that  of  the  Cere- 
bro-spinal,  would  appear  from  the  fact  noticed  by  Magendie  and  Longet, 
that  destructive  inflammation  of  the  eye  ensues  more  quickly  after  division 
of  the  Trigeminal  nerve  in  front  of  the  Gasserian  ganglion,  than  when  the 
division  is  made  through  the  roots  of  the  nerve,  between  that  ganglion  and 
the  brain;  the  sympathetic  filaments  which  exist  largely  in  this  nerve, 
being  inteiTupted  in  their  course  to  the  tissues  in  the  former  case,  but 
not  in  the  latter.  And  this  inference  would  be  supported  by  the  fact, 
that  increased  secretion  of  tears  and  mucus  from  the  eye,  and  increased 
redness  of  the  conjunctiva,  are  ordinary  conseijuences  of  extirpation  of 
the  superior  cervical  ganglion  of  the  sympathetic  in  dogs;  and  also  with 
the  general  result  of  observation,  that  atrophy  of  parts  supplied  by  the 
spinal  nerves  is  much  greater  when  the  sensory  as  well  as  the  motor 
roots  are  involved,  than  when  the  latter  alone  are  paralysed, — it  being- 
through  the  ganglia  and  connecting  filaments  of  the  former,  that  the 
true  Sympathetic  fibres  become  incorporated  with  the  Cerebro-spinal 
nerves. 

953.  The  influence  of  the  state  of  expectant  attention,  in  modifying  the 
processes  of  Nutrition  and  Secretion,  is  not  less  remarkable  than  we 
have  already  seen  it  to  be  in  the  production  or  modification  of  Muscular 
movements  (§  923).  It  seems  certain  that  the  simple  direction  of  the 
consciousness  to  a  part,  independently  of  emotional  excitement,  but  with 
the  expectation  that  some  change  will  take  place  in  its  organic  activity,  is 
often  sufficient  to  induce  such  an  alteration;  and  would  probably  always 
do  so,  if  the  concentration  of  the  attention  were  sufficient.  The  most 
satisfactory  exemplification  of  this  principle  has  been  given  by  the  experi- 
ments of  Mr.  Braid,  who  has  succeeded  in  producing  very  decided  changes 
in  the  secretions  of  particular  organs,  by  the  fixation  of  the  attention 
upon  them  in  the  '  hypnotic'  state  (§  827).  Thus  he  brought  back  an 
abundant  flow  of  milk  to  the  breast  of  a  female  who  was  leaving  off 
nursing  from  defect  of  milk,  and  repeated  the  operation  upon  the 
other  l^reast  a  few  days  subsequently,  after  which  the  supply  was  abundant 
for  nine  months ;  and  in  another  instance  he  induced  the  catamcnial  flow 
on  several  successive  occasions,  when  the  usual  time  of  its  appearance  had 
pa.sscd.  It  is  not  requisite,  however,  to  produce  the  state  of  Somnambulism 
for  tliis  purpose,  if  the  attention  can  be  sufficiently  drawn  to  the  subject 
in  any  other  mode ;  thus  Mr.  J3raid  has  repeatedly  produced  the  last-named 
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result  on  a  female  who  possessed  considerable  power  of  mental  concentra- 
tion, by  inducing  her  to  fix  her  thoughts  upon  it  for  ten  or  fifteen  minutes, 
so  as  to  bring-on  a  state  of  reverie.— Now  the  effects  which  are  producible 
by  this  voluntary  direction  of  the  consciousness  to  the  result,  are  doubtless 
no  less  producible  by  that  mvoluntary  fixation  of  the  attention  upon  it, 
which  is  consequent  upon  the  eager  expectation  of  benefit  from  some  cm-a^ 
tive  method  in  which  implicit  confidence  is  placed,  or,  on  the  other  hand 
upon  that  anticipation  of  unpleasant  results  in  which  some  individuals 
ai-e  led  to  indulge  by  the  morbid  state  of  their  feelings.  It  is  to  such  a 
state  that  we  may  fairly  attribute  most,  if  not  all,  the  cm-es,  which  have 
been  worked  by  what  is  popularly  termed  the  '  imagination.'  The  ciues 
are  real  facts,  however  they  may  be  explained;  and  there  is  scarcely  a 
malady  in  which  amendment  has  not  been  produced,  not  merely  in  the 
estimation  of  the  patient,  but  in  the  more  trustworthy  opinion  of  medical 
observers,  by  practices  which  can  have  had  no  other  effect  than  to  direct 
the  attention  of  the  sufferer  to  the  part,  and  to  keep  alive  his  confident 
expectation  of  the  cure.  The  '  charming-away'  of  warts  by  spells  of  the 
most  vulgar  kind,  the  imposition  of  royal  hands  for  the  cure  of  the  '  evil,' 
the  pawings  and  strokings  of  Valentine  Greatrakes,  the  manipulations 
practised  with  the  '  metallic  tractors,'  the  invocations  of  Prince  Hohen- 
lohe,  et  Jioc  genus  ovine, — not  omitting  the  globulistic  administrations  of 
the  Infinitesimal  doctors,  and  the  manii^ulations  of  the  Mesmerists,  of 
our  own  times, — have  all  worked  to  the  same  end,  and  have  all  been  alike 
successful.  It  is  unquestionable  that,  in  all  such  cases,  the  benefit  de- 
rived is  in  direct  proportion  to  the  faith  of  the  sufferer  in  the  means 
employed;  and  thus  we  see  that  a  couple  of  bread  pills  will  produce 
copious  i^urgation,  and  a  dose  of  red  poppy  syrup  will  serve  as  a  power- 
ful narcotic  (as  has  happened  within  the  personal  knowledge  of  the 
Author),  if  the  patient  have  been  led  to  feel  a  sufficiently  confident 
expectation  of  the  respective  results  of  these  medicaments.* — This  state 
of  confident  expectation,  however,  may  o^Derate  for  evil,  no  less  than  for 
good.  A  fixed  belief  that  a  mortal  disease  had  seized  ujion  the  frame,  or 
that  a  particular  operation  or  system  of  treatment  would  prove  unsuc- 
cessful, has  been  in  numerous  instances  (there  is  no  reason  to  doubt)  the 
direct  cause  of  a  fatal  result.  And  thus  the  morbid  feelings  of  the  hypo- 
chondriac, who  is  constantly  directing  his  attention  to  his  own  fancied 
ailments,  tend  to  induce  real  disorder  in  the  action  of  the  organs  which 
are  suj)posed  to  be  affected.  In  the  same  category,  too,  may  be  placed 
those  instances  (to  which  alone  any  value  is  to  be  attached),  wherein  a 
strong  and  persisteiit  im]3ression  upon  the  mind  of  a  mother,  has  ap- 
peared to  produce  a  corresponding  effect  upon  the  development  of  the 
foeitcs  in  utero.  In  this  case,  the  effect  (if  admitted  to  be  reaUy  exerted) 
must  be  j)roduced  upon  the  maternal  blood,  and  transmitted  through  it 

*  It  is  commonly  said  that  these  effects  are  produced  by  the  imagination  ;  but  this  only 
serves  to  induce  the  belief  that  the  sham  remedy  is  one  of  real  efficacy;  and  it  is  the 
state  of 'expectant  attention'  which  is  the  immediate  operating  agent,  and  which  is  necessary 
to  the  result. — In  whatever  mode  this  can  be  induced,  the  eifect  will  be  the  same.  Thus  Dr. 
Haygarth  of  Bath  (in  conjunction  with  Mr.  Richard  Smith  of  Bristol)  tested  the  value  of  the 
'metallic  tractors,'  by  substituting  two  pieces  of  wood  painted  in  imitation  of  them,  or  even 
a  pair  of  tenpenny  nails  disguised  with  sealing-wax,  or  a  couple  of  slate-pencils ;  which  they 
found  to  possess  all  the  virtues  that  were  claimed  for  tlie  real  instruments,  because  the  state 
of '  expectant  attention'  was  equally  induced  by  either. 
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t  the  fa3tu8;  since  there  is  no  nervous  communication  between  the 
;u-eut  and  offspring.    There  is  no  difficulty,  however,  in  understanding 
ow  this  may  occur,  after  what  has  been  stated  on  a  former  occasion 
203)  of  the  influence  of  minute  alterations  in  the  condition  of  the 
ood,  in  determining  local  alterations  of  nutrition. 


CHAPTER  XIX. 

OF  GENERATION. 

1. — General  Character  of  the  Function. 

954.  Having  now  passed  in  review  the  various  operations  which  are 
-Dcerned  in  maintaining  the  life  of  the  individual,  we  have  next  to  pro- 
ced  to  those  which  are  destined  to  the  perpetuation  of  the  race,  by  the 
roduction  of  successive  generations  of  similar  beings.    In  Man  and  the 
igher  animals,  this  function  is  performed  in  only  one  method;  namely, 
y  the  development  of  an  ovum  in  the  Female,  which,  when  fertilized  by 
he  spermatozoon  of  the  Male,  gives  origin  within  itself  to  a  new  being; 
lie  embryo,  if  supplied  with  the  requisite  nourishment,  warmth,  &c., 
radually  evolving  itself  into  the  likeness  of  its  parents.    This  process 
ppeai's,  as  will  presently  be  shown,  to  be  performed  in  a  manner  essen- 
lUy  the  same,  not  only  throughout  the  Animal  kingdom,  but  through 
lie  Vegetable  kingdom  also.    But  among  Plants,  and  the  lower  tribes  of 
uimals,  we  find  an  additional  method  of  propagation;  for,  without  any 
xual  process  whatever,  new  beings  may  be  formed  by  gemmation  or 
budding'  from  the  parent-stock,  and  these,  gradually  becoming  less  and 
ss  dependent  upon  it,  at  last  detach  themselves  and  maintain  a  separate 
xistence.    Now  this  process  may  be  regarded  as  essentially  the  same  with 
liat  of  the  multiplication  of  cells  by  subdivision,  which  we  have  seen  to 
c  the  most  common  mode  of  propagation  in  the  simplest  cellular  Plants 
>  104);  and  it  differs  from  the  ordinary  operations  of  growth  and  deve- 
pment  in  no  other  particular  than  this, — ^that  the  newly- formed  struc- 
iire,  instead  of  remaining  as  a  constituent  and  dependent  part  of  the 
■arental  fabric,  is  capable  of  living  independently  of  it,  and  of  thus  exist- 
ig  as  a  distinct  individual  when  spontaneously  or  artificially  detached, 
mong  the  higher  tribes  of  Animals,  as  in  Man,  this  mode  of  multiplica- 
ion  of  individuals  does  not  present  itself,  at  least  in  the  adult  state ;  for 
I  no  instance  do  we  find  that  a  part  of  the  body  separated  from  the  rest 
i  11  develope  the  organs  which  are  necessary  for  the  sustenance  of  its 
istcnce;  and  the  power  which  the  organism  possesses,  of  regenerating 
irts  which  it  has  lost  by  disease  or  accident,  is  restrained  within  very 
uTow  limits  (§  599).    But  there  is  good  ground  to  believe,  that  such  a 
lultiplication  by  subdivision  may  take  place  at  that  earliest  period  of 
iiibryonic  life,  at  which  the  germ  is  nothing  else  than  a  mass  of  cells, 
herein  no  distinction  of  parts  has  as  yet  manifested  itself;  and  that  the 
l  oduction  of  two  complete  individuals,  only  held  together  by  a  con- 
•  ■cting  band,  may  arise  from  some  cause  which  determines  the  subdivision 
t  the  germinal  mass,  at  the  period  when  its  grade  of  development  cor- 
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responds  with  that  of  the  Hydra  or  Planaria.*  And  this  view  of  the 
case  is  confirmed  by  the  facts  aheady  stated  (§  599),  in  regard  to  the 
higher  degree  of  the  regenerating  power  diu-ing  embryonic  hfe,  infancy, 
and  childhood,  as  compared  with  that  wliich  remains  after  the  develop- 
ment of  the  fabric  has  been  completed. 

955.  We  have  now  to  consider,  however,  the  proper  act  of  Generation 
which  uniformly  involves  the  union  of  the  contents  of  two  pecuhar  cells, 
which  may  be  designated  '  sperm-cells,'  and  '  gerra-cells.'t  Recent  dis- 
coveries render  it  almost  certain  that  this  true  generative  process  occui-,s 
throughout  the  Vegetable  kingdom,  and  is  not  confined,  as  was  formerly 
supposed,  to  Flowering  Plants. |  It  appears  to  take  place  in  three  modes; 
which  are  all,  however,  but  variations  of  one  fundamental  plan. — 1.  In 
the  simplest  Cellular  Plants,  in  which  every  cell  appears  to  possess  the 
same  endowments,  so  that  there  is  no  kind  of  specialization  of  function, 
the  generative  act  consists  in  the  '  conjugation '  of  two  of  the  ordinary 
cells,  between  which  no  difference  can  be  traced.  In  what  may  be  con- 
sidered the  lowest  types  of  this  process,  both  cells  discharge  their  contents, 
and  the  new  body  or  sporangium  is  formed  between  them  by  the  mixture 
of  their  *  endochromes ; '  each  cell  appearing  to  have  precisely  the  same 
share  in  the  process,  so  that  no  distinction  of  'sperm-cells'  and  'germ- 
cells'  can  be  said  here  to  exist.  This,  however,  is  precisely  what  might 
be  expected,  when  it  is  remembered  that  no  distinction  presents  itsell 
between  any  other  organs,  such  as  the  root  and  leaf;  each  cell  having 
endowments  to  all  ai)pearance  identical  with  those  of  the  rest  of  the  mass. 
But  the  generative  process,  in  this  which  may  be  regarded  as  its  simplest  and 
most  essential  form,  shows  itself  to  be  the  precise  counterpart  of  the  pro- 
cess of  'fission'  ah'eady  described  (§  104);  for  as  in  the  latter  one  cell 
divides  itself  into  equal  halves,  between  which  no  difference  can  be  traced, 
so,  in  the  act  of  '  conjugation,'  the  contents  of  two  cells,  apparently 
similar,  reunite,  and  form  but  a  single  new  cell  between  them.  In  viiiue 
of  that  union,  a  new  force  seems  to  be  developed,  which  leads  to  the  multi- 
plication of  this  first  cell  by  repeated  subdivision,  until  the  germ-force 
is  expended,  when  a  fresh  conjugation  occurs.  This  reunion  of  the  ceU- 
conteuts  may  take  place,  either  by  the  rupture  of  both  cells  and  the  dis- 
charge of  their  endochromes,  around  which,  after  their  admixtm-e,  a  new 
cell-wall  is  formed  (Fig.  150,  a,  1),  or  by  the  formation  of  a  direct  com- 
niimication  from  the  interior  of  one  to  that  of  the  other;  in  which  latter 
case  the  union  of  the  two  endochromes  may  take  place  either  in  the 
connecting  channel  (a,  2),  or  in  one  of  the  ceUs  of  the  pau'  (a,  3),  within, 
which  the  sporangium  is  formed  and  matured.  It  is  in  certain  of  the 
Desmidere  and  Zygnemata,  that  we  meet  with  this  latter  type;  which  pre- 
sents us  with  the  first  distinction  between  the  '  sperm-cell '  and  the 
'  germ-ceU.' — 2.  In  the  higher  Algse,  and  in  all  the  superior  Cryptoga- 
mia,  the  process  is  efiected  by  the  agency  of  moving  filaments,  precisely 

*  See  Prof.  Allen  Thomson  on  '  Double  Monstrosity,'  in  the  "  Edinb.  Monthly  Journ.,'' 
June  and  July,  1844 ;  and  Prof.  Vrolik's  Article  '  Teratology'  in  the  "  Cyclop,  of  Anat.  ana 
Phys.,"  vol.  iv.  .  « 

+  These  terms  are  adopted  from  Prof.  Owen.  See  his  "  Lectures  on  Parthenogonesis, 
London,  1!)49.  .  pi  • 

X  "  For  a  general  account  of  these  discoveries,  see  the  "  British  and  Foreign  MeUico-^n 
rurgical  Review,"  Oct.  184.9;  and  "Priuc.  of  Phys.,  Gen.  and  Comp.,"  ohai'.  xvm. 
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resembling  the  spermatozoa  of  Animals,  aud  developed  within  special 
•  spevm-cells'  in  a  mode  precisely  the  same  with  the  evolution  of  the 
spermatozoa  of  Animals  (§  959)  j  these  appear  to  find  their  way  to  the 
4orm-cells,  which  are  sometimes  developed  within  the  same  receptacles, 
,omctimes  in  distinct  receptacles  on  the  same  plant,  and  sometimes  in 
Jifierent  plants;  and  as  the  result  of  their  contact  with  the  germ-cells. 


Fig.  150. 


Diagram  representing  the  three  principal  forms  of  the  Generative  Process  in  Plants: — a,  con- 
jugation of  inferior  Cryptogaraia;  formation  of  the  sporangium,  b,  by  admixture  of  the  dis- 
charged endochromes  of  the  parent-cells,  a,  a;  2,  production  of  th?  sporangium,  b,  within  a 
dilatation  formed  by  the  union  of  the  two  parent-cells;  3,  production  of  the  sporangium,  b,  by 
the  passage  of  the  endochrome  of  cell  a  into  that  of  cell  a*,  marking-out  a  sexual  difference. — 
B,  fertilization  of  germ  in  higher  Cryptogamia;  a,  sperm-cell  discharging  its  spiral  filament, 
ft',  germ-cell,  against  which  one  of  these  filaments  is  impinging,  b,  germ  produced  by  their 
contact. — c,  fertilization  of  germ  in  Phanerogamia ;  a,  spe[m-cell,  or  pollen-grain,  sending  its 
prolonged  tube  down  the  style,  until  it  reaches  a'  the  germ-Cell,  inclosed  in  the  ovule,  the 
section  of  whose  coats  is  shown  at  c;  from  the  contact  of  the  two,  is  produced  the  germ  b, 

the  embryo  originates  in  the  interior  of  the  latter  (Fig.  150,  b).  This 
embryo,  in  the  lower  Cryptogamia,  is  at  once  cast  upon  its  own  resom-ces ; 
whilst  in  the  higher  it  is  nourished,  during  its  early  development,  by  food 
supplied  to  it  by  the  parent.  In  no  case,  however,  does  the  parent  appear 
to  fiurnish  that  accumulation  of  nutritive  matter  for  the  development  of 
the  product  of  the  germ-cell,  which,  when  included  in  a  common  envelope 
with  it,  would  constitute  a  true  '  seed.' — 3.  In  the  Flowering  Plants,  the 
'sperm-ceir  (or  poUen-gi-ain)  does  not  evolve  a  self-moving  filament,  as 
in  the  Cryptogamia;  but  puts  forth  a  long  tube,  which,  insinuating 
itself  between  the  soft  loose  tissue  of  the  '  style,'  conveys  the  fertilizing 
influence  to  the  'germ-cell'  (or  embryonic  vesicle  of  the  ovule)  after  a 
(hflerent  fashion  (Fig.  150,  c);  still,  however,  fulfilling  the  same  essential 
puipose  as  that  which  the  simple  '  conjugation '  of  the  lowest  Algaj 
effected,  namely,  the  mingling  of  the  contents  of  the  'sperm-cell'  and 
'germ-cell,'  which  takes  place  by  transudation  through  the  thin  mem- 
branes of  the  pollen-tube  and  of  the  embryonic  vesicle.  The  germ-cell  is 
here  surrounded  by  a  mass  of  nutritious  matter,  wliich,  with  the  embryo, 
constitutes  the  'seed;'  and  it  is  upon  this  store,  that  the  young  plant 
subsists  during  the  early  stages  of  its  development. 

956.  The  'act  of  Generation'  in  Animals  may  bo  said  to  combine  the 
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principal  features  of  the  second  and  third  of  the  above  methods ;  for,  as 
in  the  higher  Cryptogamia,  the  'sperm-cells'  of  Animals  seem  iuvaiiably 
to  form  the  self-moving  filaments  known  as  Spermatozoa;  whilst  the 
*  germ-cells,'  instead  of  being  naked  (as  in  the  Cryptoganaia),  are  sur- 
rounded (as  in  Flowering  Plants)  by  a  mass  of  nutriment  destined  to 
serve  for  the  early  development  of  the  embryo ;  this  mass  with  its  con- 
tained germ-cell  being  known  as  the  ovule  before  it  has  been  fertilized, 
and  as  the  ovtim  or  egg  after  fecundation  has  taken  place.  There  is  a 
great  difference,  however,  among  the  different  tribes  of  Animals,  as  to  the 
degi'ee  of  assistance  thus  afforded  to  the  embiyo ;  the  general  ride  being, 
that  the  higher  the  form  which  the  embryo  is  ultimately  to  attain,  the 
longer  is  it  supported  by  its  parent.  Hence  we  find  the  embryos  of  most 
Invertebrated  animals  coming  forth  from  the  egg  in  a  condition  very 
much  imlike  their  perfect  type,  and  only  acquiring  this  after  a  long  suc- 
cession of  subsequent  alterations,  which  frequently  involve  a  complete 
change  of  form,  or  metamorphosis.  In  Fishes,  however,  the  embryo, 
though  far  from  having  completed  its  embryonic  development  at  tlic 
time  of  its  emersion  from  the  egg,  does  not  differ  so  widely  fi'om  the 
adult  type.  In  Birds,  there  is  a  provision  for  a  much  more  advanced 
develojiment ;  the  store  of  nutritious  matter,  or  'yolk,'  being  so  large  as 
to  allow  the  Avhole  series  of  changes  requisite  for  the  formation  of  the 
complete  chick,  to  take  place  before  it  leaves  the  egg.  In  the  Mammalia, 
on  the  contrary,  tine  quantity  of  yolk  contained  in  the  ovum  is  very  small, 
but  the  embryo  is  only  dependent  upon  it  for  the  materials  of  its 
increase  during  the  earliest  stages  of  its  evolution ;  for  it  speedily  foiTus  a 
special  connection  Avith  the  parent-structure,  by  moans  of  which  it  is 
enabled  to  receive  a  continual  supply  of  newly-prepared  ahment,  so  as  to 
be  supported  at  the  expense  of  this  until  fai'  advanced  in  its  development. 
Some  approaches  to  this  arrangement  are  met-with  among  certain  of  the 
lower  Animals,  but  it  is  only  in  the  higher  Mammalia,  that  it  is  com- 
pletely caiTied  out;  and  it  is  only  in  this  class,  too,  that  we  find  a  supple- 
mental provision  for  the  nutrition  of  the  offspring  after  it  has  come  forth 
into  the  world.  In  many  of  the  lower  tribes  of  Animals,  the  fertilization 
of  the  ova  is  accomplished  without  any  sexual  congress ;  the  spermatic 
fluid  effused  by  the  male,  coming  into  direct  contact  with  the  ova  pre- 
viously deposited  by  the  female ;  but  in  aU  the  higher  tribes,  as  in  Man, 
the  spermatic  fluid  is  conveyed  into  the  oviducts  of  the  female,  that  it 
may  impregnate  the  ovum  shortly  after  it  has  qiutted  the  ovarium,  or 
even  before  its  final  escape  fi-om  it. — With  these  general  views,  we  shall 
now  be  prepared  to  examine  into  the  history  of  the  act  of  Generation  m 
Man,  and  to  consider  the  share  which  each  sex  has  in  its  performance. 


2. — Action  of  the  Male. 

957.  The  Spermatic  fluid  of  the  Male  is  secreted  by  glandulai-  organs, 
known  as  Testes.  Each  of  these  consists  of  several  lobules,  which  are 
separated  from  each  other  by  processes  of  the  Tunica  Albuginea  that  pass 
down  between  them,  and  also  by  an  extremely  delicate  membrane  (de- 
scribed by  Sir  A.  Cooper  under  the  name  of  Tunica  Vasculosa)  consisting 
of  minute  ramifications  of  the  spermatic  vessels  united  by  areolai-  tissue. 
Each  lobule  is  composed  of  a  mass  of  convoluted  tuhuli  seminiferi,  througn- 
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out  which  blood-vessels 
oreatly  in  size,  some  cou- 
'  billing  one,  aud  others 
uany  of  the  tubiilij  the 
otal  number  of  the  lo- 
onies is  estimated  at 
about  450  in  each  testis, 
and  that  of  the  tubuli  at 
840.  The  convolutions 
of  the  tubuli  are  so  ar- 
ranged, that  each  lobule 
forms  a  sort  of  cone,  the 
apex  of  which  is  directed 
towards  the  Kete  Testis. 
It  is  difficidt  to  trace  the 
free  extremities  of  the  Se- 
miniferous tubes,  owing 
to  the  frequency  of  their 
anastomoses  with  each 
other;  in  this  respect, 
therefore,  the  structure 
of  the  testis  accords 
closely  with  that  of  the 
Kidney.  The  diameter 
jf  the  tubuli  is  for  the 
most  part  very  uniform ; 
in  the  natural  condition 
they  seem  to  vary  from 
about  the  1-1 95th  to  the 
1-1 70th  of  an  inch;  but 
when  injected  with  mer- 
cury, they  are  distended 
to  a  size  nearly  double 
the  smaller  of  these  di- 
mensions. When  they 
have  reached  to  within 
a  line  or  two  of  the  rote 
testis,  they  cease  to  be 
convoluted,  several  unite 
together  into  tubes  of 
larger  diameter,  and  these 
•  ntev  the  rete  testis  un- 
der the  name  of  tubuli 
recti  The  rete  testis  con- 
sists of  from  seven  to 
iliirtecn  vessels,  which 
run  in  a  waving  com^se, 
anastomose  with  each 
other,  and  again  divide, 
•jeing  all  connected  to- 
gether.    The  vasa  effe- 


are  minutely  distributed.    The  lobules  differ 

Fig.  151. 

d 

e 
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Human  Testis,  injected  with  mercury  as  completely  as  possible: — 
a,  a,  lobules  formed  of  the  seminiferous  tubes;  d,  rete  testis;  c,  vasa 
efferentia;  d,  flexures  of  the  efferent  vessels  passing  into  the  head 
e,  e,  of  the  epididymis;  /,  body  of  the  epididymis;  g,  appendix; 
h,  Cauda;  t,  vas  deferens. 


Fig. -1 52. 
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Plan  of  the  structure  of  the  Testis  and  Epididymis  :—a,  a,  semi- 
niferous tubes;  a*,  a*,  their  anastomoses;  the  other  references  aa 
in  the  last  figure. 
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rentia  which  pass  to  the  head  of  the  ei^ididymls  arc  at  first  straight, 
but  soon  become  convohited,  eacli  forming  a  sort  of  cone,  of  wliicli 
the  apex  is  directed  towards  the  retc  testis,  the  base  to  tlie  head  of  tin 
epididymis.  The  number  of  tliese  is  stated  to  vary  from  nine  to  thirty ; 
and  tlieir  length  to  be  about  eight  inches.  The  epididymis  itself  con- 
sists of  a  very  convoluted  canal,  the  length  of  which  is  about  twenty- 
one  feet.  Into  its  lower  extremity,  that  is,  the  angle  which  it  makes 
where  it  terminates  in  the  vas  deferens,  is  poured  the  secretion  of  tlie 
vasculum  aberrans  or  appendix ;  which  seems  like  a  testis  in  miniature, 
closely  resembling  a  single  lobule  in  its  structm-e.  Its  special  function  k 
unknown. — The  fluid  secreted  by  the  Testis  is  thick,  tenacious,  and  of  a 
greyish  or  yellowish  colour.  It  is  mingled,  dm-iug  or  before  emission, 
with  flmd  secreted  by  the  Prostate,  Cowper's  gland,  &c, ;  and  it  cannot, 
therefore,  be  obtained  pure,  but  by  drawing  it  from  the  testicle  itself  ; 
hence  no  accurate  analysis  can  be  made  of  it  in  the  Human  subject.  The 
peculiar  odoiu-  which  the  Semen  possesses,  does  not  appear  to  belong  to 
the  proper  spermatic  fluid;  but  is  probably  derived  fi-om  one  or  other  of 
the  secretions  with  which  it  is  mingled.  The  chemical  analyses  which 
have  been  made  of  tliis  fluid  are  all  defective,  inasmuch  as  they  do 
not  distinguish  the  real  secretion  of  the  testes  from  the  mucus,  pro- 
static fluid,  &c.  with  which  it  is  mingled.  It  may  be  stated,  however, 
that  it  has  an  alkaline  reaction,  and  contains  albumen,  with  a  peculiar 
animal  principle  termed  Spcrmatin;  and  also  saline  matter,  consisting 
chiefly  of  muriates  and  phosphates,  especially  the  latter,  which  form 
crystals  when  the  fluid  has  stood  for  some  little  time. 

958.  The  essential  pecidiarity  of  the  SperDiatic  fluid  consists  in  the 
presence  of  a  large  number  of  very  minute  bodies,  only  discernible  with 
a  high  power  of  the  Microscope ;  and  these,  in  ordinary  cases,  remain  in 
active  motion  for  some  time  after  they  have  quitted  the  living  oi'ganisin. 
Tlie  Human  Spermatozoon  (of  which  representations  are  given  in  Plate  I., 
Fig.  1)  consists  of  a  little  oval  flattened  'body'  between  the  l-600th  and 
the  l-800th  of  a  line  in  length,  from  which  proceeds  a  long  filiform  'tail' 
gradually  tapering  to  the  finest  point,  of  l-50th  or  at  most  l-40th  of  a 
line  in  length.  The  whole  is  perfectly  transparent ;  and  nothing  that 
can  be  termed  structui-e  can  be  satisfactorily  distinguished  within  it. 
Its  movements  are  principally  executed  by  the  tail,  which  has  a  kind  of 
vibratile  xmdidating  motion.  They  may  continue  for  many  hom-s  after 
the  emission  of  the  fluid;  and  they  are  not  checked  by  its  admixtm-e  with 
other  secretions,  such  as  the  urine  and  the  prostatic  fluid.  Thus,  in  cases 
of  noctm-nal  emission,  the  Spermatozoa  may  not  unfrequently  be  found 
actively  moving  through  the  urine  in  the  morning;  and  those  contained 
in  the  seminal  fluid  collected  from  females  that  have  just  copulated,  ai'c 
frequently  found  to  live  many  days.  Their  presence  may  be  readily 
detected  by  a  Microscope  of  sufficient  power,  even  when  they  have  Ions: 
ceased  to  move,  and  are  broken  into  h'agments ;  and  the  Physician  and 
the  Medical  Jurist  will  frequently  derive  much  assistance  from  an  exami- 
nation of  this  kind.  Thus,  cases  are  of  no  uncommon  occurrence,  espe- 
cially among  those  who  have  been  too  much  addicted  to  sexual  indulgence, 
in  which  seminal  emissions  take  place  unconsciously  and  frequently,  an* 
produce  great  general  derangement  of  the  health;  and  the  ti-ue  natiu-e  o 
the  complaint  is  obscure,  until  the  fact  has  been  detected  by  ocuiai 
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examination.  Again,  in  charges  of  rape,  in  which  evidence  of  actnal 
L'luission  is  required,  a  microscopic  examination  of  the  stiffened  spots  left 
n\  the  hnen  will  seldom  fail  in  obtaining  proof,  if  the  act  have  been  com- 
pleted: in  such  cases,  however,  we  must  not  expect  to  meet  with  more 
han  fragments' of  Spermatozoa;  but  these  are  so  unlike  anything  else, 
.  !uit  little  doubt  need  be  entertained  regarding  them.  It  has  been  pro- 
posed to  employ  the  same  test,  in  jmidical  inquiries  respecting  doubtful 
•ases  of  death  by  suspension,  seminal  emissions  being  not  unfrequeut 
lesidts  of  this  kind  of  violence;  but  there  are  many  obvious  objections 
which  should  prevent  much  confidence  being  placed  in  it.* 

959.  The  mode  of  evolution  of  the  Spermatozoa,  first  discovered  by 
Wagner,  and  more  perfectly  elucidated  by  Kolliker,  is  such  as  to  indicate 
liat  these  bodies  are  true  products  of  the  formative  action  of  the  organs 
n  which  they  are  found,  and  cannot  be  ranked  (as  they  long  were)  in 
lie  same  category  with  Animalcules.  They  are  developed  in  the  interior 
'f  cells,  or  '  vesicles  of  evolution,'  such  as  are  visible  in  the  seminal  fluid 
u  various  stages  of  development  (Plate  I,  Fig.  2,  a,  b,  c),  and  have  been 
;nown  under  the  name  of  '  seminal  granules.'  These  appear  to  have 
)een  themselves  formed  within  parent-cells,  which  are  probably  to  be 
•egarded  as  the  epithelial  cells  of  the  tubuli  seminiferi ;  constituting,  like 
lie  analogous  cells  of  other  glands,  the  essential  elements  of  the  sper- 
natic  apparatus. t  These  parent-cells  are  sometimes  observed  to  contain 
)ut  a  single  '  vesicle  of  evolution,'  as  shown  at  d  ;  but  more  commonly 
lii-ee,  four,  six,  or  seven  are  to  be  seen  within  them  (e).  When  taken 
"rom  a  body  recently  dead,  and  examined  without  being  treated  with 
vater  or  any  other  agent,  they  are  quite  pellucid,  and  exhibit  a  delicate 
;outour  with  perfectly  homogeneous  contents  ;  very  speedily,  however,  a 
ort  of  coagulation  takes  place  within  them,  by  which  their  contents  are 
ondered  granular.    Each  of  these 'vesicles  of  ev:olution' gives  origin  to 

spermatozoon,  and  to  one  only;  the  earliest  stages  of  its  development 
lave  not  yet  been  distinctly  made  out,  since  it  does  not  at  fii'st  exhibit 
hose  sharp  distinct  contours,  dependent  on  its  great  refractive  power, 
shich  afterwards  distinguish  it ;  but  it  is  seen  lying  in  the  interior  of  the 
:ell  as  a  shght  linear  shadow,  at  first  partly  hidden  by  the  surrounding 
granules  (Fig.  3,  b),  but  afterwards  without  any  such  obscuration.  When 
he  vesicle  is  completely  matured,  it  bursts,  and  gives  exit  to  the  cou- 
ained  spemiatozoon,  which,  thenceforth,  in  the  Mammalia,  usually 
iioves  freely  in  the  spermatic  fluid;  in  Birds,  however,  it  is  more  com- 
iion  for  the  parent-cells  to  retain  the  vesicles  of  evolution  during  the 
levelopment  of  the  Spermatozoa  within  the  latter;  so  that  when  these 
ct  free  the  Spermatozoa,  they  are  still  enveloped  by  the  parent-cell.  In 
his  condition  they  have  a  tendency  to  aggregation  in  bundles ;  and  these 
)imdles  are  finally  liberated  by  the  rupture  of  the  parent-cell,  after  which 
he  individual  spermatozoa  separate  from  one  another.  Such  bundles 
nay  be  occasionally  seen  in  the  Human  semen. — That  the  Spermatozoa 
re  the  essential  elements  of  the  spermatic  fluid,  may  be  reasonably 
iiferred  from  several  considerations.    There  are  some  cases  in  which  the 

•  See  the  Author's  Article  '  Asphyxia,'  in  the  "  Library  of  Practical  Medicine,"  and  the 
iithorities  there  reforrcd  to. 

t  In  the  Mydra  and  other  Zoophytes,  such  cells  are  found  inil)edded  in  the  general  sulj- 
ancc  of  the  body,  instead  of  being  developed  witliin  a  special  organ. 
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liquor  seminis'  is  caltogether  absent,  so  that  they  constitute  the  sole 
element  of  the  semen ;  whilst,  on  the  other  hand,  they  are  never  wanting 
ni  the  semen  of  animals  capable  of  procreation  ;  but  are  absent,  or  im- 
perfectly developed,  in  tlie  semen  of  hybrids,  whicli  are  nearly  or  entirely 
sterile.  Moreover,  we  have  every  reason  to  beheve  that,  in  the  higher 
animals,  the  absolute  contact  of  the  spermatozoa  with  the  ovum  is  requi- 
site for  its  fecundation ;  whilst,  on  the  other  hand,  if  the  spermatozoa  be 
carefully  removed  frona  the  liquor  seminis  by  filtration,  the  latter  is  found 
to  be  entirely  destitute  of  fertilizing  power.* — It  is  interesting  to  remark, 
that  the  perfectly-developed  spermatozoa  possess  the  same  chemical  cbm- 
jDOsition  with  the  epithelial  tissues  in  general,  t 

960.  The  power  of  procreation  does  not  usually  exist  in  the  Humaa 
Male,  until  the  age  of  fi-om  14  to  16  years;  and  it  may  be  considered 
probable  that  no  Spermatozoa  are  produced  until  that  period,  although 
a  fluid  is  secreted  by  the  testes.     At  this  epoch,  which  is  ordinarily 
designated  as  that  of  Puberty,  a  considerable  change  takes  place  in  the 
bodily  constitution  :  the  sexual  organs  undergo  a  much-increased  develop- 
ment; various  parts  of  the  surface,  especially  the  chin  and  the  pubes, 
become  covered  with  hair;  the  larynx  enlarges,  and  the  voice  becomes 
lower  in  pitch,  as  well  as  rougher  and  more  powerful ;  and  new  feelings 
and  desires  are  awakened  in  the  mind.    Instances,  however,  are  by  no 
means  rare,  in  which  tliese  changes  take  place  at  a  much  earlier  period; 
the  full  development  of  the  generative  organs,  with  manifestations  of  the 
sexual  passion,  having  been  observed  in  children  of  but  a  few  years  old. 
The  procreative  power  may  last,  if  not  abused,  during  a  very  prolonged 
period.    Undoubted  instances  of  virility  at  the  age  of  more  than  100 
years  are  on  record ;  but  in  these  cases,  the  general  bodily  vigour  was 
preserved  in  a  very  remarkable  degree.    The  ordinary  rule  seems  to  be, 
that  sexual  power  is  not  retained  by  the  male  to  any  considerable  amount, 
after  the  age  of  60  or  65  years. — To  the  use  of  the  sexual  organs  for  the 
continuance  of  his  race,  Man  is  prompted  by  a  powerful  instinctive 
desire  (§  772),  which  he  shai'es  with  the  lower  animals.  This  Instinct,  like 
the  other  propensities,  is  excited  by  sensations;  and  these  may  either  ori- 
ginate in  the  sexual  organs  themselves,  or  may  be  excited  through  the 
organs  of  special  sensation.    Thus  in  Man  it  is  most  jDowei^fuLly  aroused 
by  impressions  conveyed  through  the  sight  or  the  touch;  but  in  many 
other  animals,  the  auditory  and  olfactive  organs  communicate  impressions 
which  have  an  equal  power;  and  it  is  not  imi^robable  that,  in  certain 
morbidly-excited  states  of  feeling,  the  same  may  be  the  case  in  om-selves. 
That  local  impressions  have  also  a  very  powerful  effect  in  exciting  sexual 
desire,  must  have  been  within  the  experience  of  almost  every  one  ;  the 
flict  is  most  remarkable,  however,  in  cases  of  Satyriasis,  which  disease  is 
generally  found  to  be  connected  with  some  obvious  cause  of  irritation  of 
the  generative  system,  such  as  pruritiis,  active  congestion,  etc.  That 
some  part  of  the  Encephalon  is  the  seat  of  this  as  of  other  instinctive 
propensities,  appears  from  the  considerations  formerly  adduced ;  but  that 

"  This  point  has  been  completely  established  by  the  researches  of  Mr.  Newport  ("Phil. 
Trans.,"  1851),  who  has  repeated  and  confirmed  the  experimental  results  previously  obtanied 
by  Spallanzani  and  by  Prevost  and  Dumas. 

t  For  the  latest  researches  on  the  development,  &c.,  of  the  Spermatozoa,  see  the  ela'iorate 
Article  '  Semen,'  in  the  "  Cyclop,  of  Anat.  and  Physiol.,"  by  Drs.  Wagner  and  Leuckardt. 
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the  Cerebellum,  is  the  part  in  which  this  function  is  specially  located, 
cannot  be  regarded  as  by  any  means  sufficiently  proved  (§§  767 — 772), 
The  instinct,  when  once  aroused  (even  though  very  obscurely  felt),  acts 
upon  the  mental  faculties  and  moral  feelings;  and  thus  becomes  the 
source,  though  almost  unconsciously  so  to  the  individual,  of  the  tendency 
to  form  that  kind  of  attachment  towards  one  of  the  opposite  sex,  which  is 
known  as  love.  This  tendency  cannot  be  regarded  as  a  simple  passion  or 
emotion,  since  it  is  the  result  of  the  combined  operations  of  the  reason, 
the  iinagination,  and  the  moral  feelings ;  and  it  is  in  this  engraftment  (so 
to  speak)  (jf  the  psychical  attachment,  upon  the  mere  corporeal  instinct, 
that  a  difference  exists  between  the  sexual  relations  of  Man  and  those  of 
the  lower  animals.  In  proportion  as  the  Human  being  makes  the  tem- 
porary gratification  of  the  mere  sexual  appetite  his  chief  object,  and  over- 
looks the  happiness  arising  from  spiritual  communion,  which  is  not  only 
purer  but  more  permanent,  and  of  which  a  renewal  may  be  anticipated  in 
another  world,  —  does  he  degrade  himself  to  the  level  of  the  brutes  that 
perish.    Yet  how  lamentably  frequent  is  this  degradation  ! 

961.  When,  impelled  by  sexual  excitement,  the  Male  seeks  intercourse 
with  the  Female,  the  erectile  tissue  of  the  genital  organs  becomes  turgid 
with  blood  (§  534),  and  the  surftice  acquires  a  much-increased  sensibility  ; 
this  is  especially  acute  in  the  Glans  penis.    By  the  friction  of  the  Glans 
against  the  rugous  walls  of  the  Vagina,  the  excitement  is  increased  ;  and 
the  impression  which  is  thus  produced  at  last  becomes  so  strong,  that  it 
calls-forth,  through  the  medium  of  the  Spinal  Cord,  a  reflex  contraction  of 
the  muscles  which  surround  the  Vesiculte  Seminales.    These  receptacles 
discharge  their  contents  (partly  consisting  of  semen  and  partly  of  a  secre- 
tion of  their  own)  into  the  Urethra ;  and  from  this  they  are  expelled  with 
some  degree  of  force,  and  with  a  kind  of  convulsive  action,  by  its  own 
Compressor  muscles.    Now  although  the  sensations  concerned  in  this  act 
are  ordinarily  most  acutely  pleasurable,  there  appears  sufficient  evidence 
that  they  are  by  no  means  essential  to  its  performance ;  and  that  the 
impression  which  is  conveyed  to  the  Spinal  Cord  need  not  give  rise  to  a 
sensation,  in  order  to  produce  the  reflex  contraction  of  the  Ejaculator 
muscles  (§  723).     The  high  degree  of  nervous  excitement  which  the  act 
of  coition  involves,  produces  a  subsequent  depression  of  corresponding 
amount ;  and  the  too  frequent  repetition  of  it  is  productive  of  conse- 
quences very  injurious  to  the  general  health.    This  is  still  more  the  case 
with  the  solitaiy  indulgence,  which  (it  is  to  be  feared)  is  practised  by  too 
many  youths ;  for  this,  substituting  an  unnatural  degl-ee  of  one  kind  of 
excitement,  for  that  which  is  wanting  in  another,  cannot  but  be  still 
more  trying  to  the  bodily  powers.    The  secretion  of  seminal  fluid  being, 
like  other  secretions,  very  much  under  the  control  of  the  nervous  system, 
will  be  increased  by  the  continual  direction  of  the  mind  towards  objects 
which  awaken  the  sexual  propensity  (§  948,  note) ;  and  thus,  if  inter- 
course be  very  frequent,  a  much  larger  quantity  will  altogether  be  j^ro- 
duced,  although  the  amount  emitted  at  each  period  will  be  less.  The 
formation  of  the  secretion  seems  of  itself  to  be  a  much  greater  tax  upon 
the  corporeal  powers,  than  might  have  been  supposed  d  j^nori ;  and  it  is 
a  well-known  fact,  that  the  highest  degi-ee  of  bodily  vigour  is  inconsistent 
with  more  than  a  very  moderate  indulgence  in  sexual  intercourse  ;  whilst 
nothing  is  more  certain  to  reduce  the  powers,  both  of  body  and  mind, 
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than  excess  in  this  respect.  These  princijiles,  which  are  of  gi-eat  import- 
ance in  the  regulation  of  the  health,  are  but  results  of  the  general  law, 
which  prevails  eqxially  in  the  Vegetable  and  Animal  kingdoms, — that  the 
Development  of  the  Individual,  and  the  Reproduction  of  the  Species, 
stand  in  an  inverse  ratio  to  each  other. 


3,  Action  of  the  Female. 

962.  The  essential  part  of  the  Female  Generative  system,  is  that  in 
which  the  Ova  are  prepared ;  the  other  organs  are  merely  accessoiy,  and 
are  not  to  be  found  in  a  large  proportion  of  the  Animal  kingdom.  In 
many  of  the  lower  animals,  the  Ovaria  and  Testes  are  so  extremely  like 
each  other,  that  the  difference  between  them  can  scarcely  be  distin- 
guished ;  and  the  same  is  true  regarding  the  condition  of  these  organs  in 
Man,  at  an  early  period  of  development.  The  fact  is  one  of  no  small 
interest.  In  many  of  the  lower  animals,  the  Ovarium  consists  of  a  loose 
tissue  containing  many  cells,  in  which  the  Ova  are  formed,  and  from 
which  they  escape  by  the  rupture  of  the  cell-walls ;  in  the  higher  animals 
as  in  the  Human  female,  the  tissue  of  the  Ovai'ium  is  more  compact, 
foi'ming  what  is  known  as  the  stroma;  and  the  Ova,  excej)t  when  they 
are  approaching  maturity,  can  only  be  distinguished  in  the  interstices  of 
this,  by  the  aid  of  a  high  magnifying  power.  The  Ovum  in  all  Verte- 
brated  animals  is  produced  within  a  capsiile  or  bag,  the  exterior  of  which 
is  in  contact  with  the  stroma  of  the  ovarium ;  this  has  been  termed,  in 
Mammalia,  the  Graafian  vesicle,  after  the  name  of  its  first  discoverer; 
b\it  the  more  general  and  ajDpropriate  designation  of  Ovisac  has  been 
given  to  it  by  Dr.  Barry,  who  has  shown  that  it  exists  in  other  classes  of 
Vertebrata.  Between  the  Ovum  and  the  Ovisac,  in  Oviparous  animals, 
there  is  scarcely  any  interval ;  but  in  the  Mammalia,  a  large  amount  of 
granular  matter  (composed  of  nucleated  cells,  loosely  aggregated  toge- 
ther) is  present;  being  especially  found  adherent  to  the  lining  of  the 
ovisac,  to  which  it  forms  a  sort  of  epithelium,  or  internal  tunic,  known  as 
the  memhrana  granulosa;  whilst  it  also  forms  a  disk-like  investment  to 
the  ovum,  which  is  termed  the  discus  x>voligerus.  The  membrane  which 
incloses  the  yolk  in  Mammalia,  has  received,  on  account  of  its  thick- 
ness and  peculiar  transparency,  the  distinctive  appellation  of  zojia2)ellvr 
cida  (Fig.  \5?>,mv). — The  yolk,  or  vitellus  (j),  which  is  composed  of 
albumen  and  oil-particles,  with  traces  of  cells,  is  very  small  in  the  Mam- 
malian ovum,  its  function  being  limited  to  the  sustenance  of  the  germ 
during  its  earliest  period  of  development ;  and  it  corresponds  rather  with 
that  part  of  the  yolk  of  the  egg  of  the  higher  Ovipara  which  has  been 
distinguished  as  the  '  germ-yolk,'  in  consequence  of  its  direct  participation 
in  the  formation  of  the  germinal  substance  (§  995),  than  with  that  which 
has  been  termed  the  '  food-yolk,'  as  not  being  incorporated  with  the  germ, 
but  being  destined  for  its  subsequent  nutrition  by  undergoing  conversion 
into  blood.*   Occupying  the  centre  of  the  vitelhne  mass,  in  the  immature 

*  It  has  been  recently  maintained  by  Reinbardt,  that  the  Bird's  yolk-bag  is  really 
homologous  with  the  Graafian  vesicle  of  the  Mammal  and  its  entire  contents ;  tlie  i 
yolk' of  the  former  being  represented  in  the  latter  by  the  cellular  substance  surr™ 
the  zona  pellucida,  which  is  afterwards  developed  into  the  corpus  iuteura.  (IvoiiiKer. 
Siebold's  Zeitschrift,  band  iii.  heft  4.) 
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ovulum,  is  a  peculiar  cell,  very  different  in  its  aspect  from  the  surround- 
ing substance,  which  is  termed  the  germinal  vesicle  (Fig.  153,  vg);  and 
tliis  has  a  very  distinct  nucleus  {t  g)  known  as  the  germinal  spot.  This 
cell  must  be  considered  as  the  essential  part  of  the  ovum,  and  as  homo- 
logous with  the  *germ-ceir  or  '  embryonic  vesicle'  of  the  Vegetable  ovule. 
— The  Human  Ovum  is  extremely  minute;  not  measuring  above  1-1 20th 


Constituent  parts  of  Mammalian  Ovum : — a,  entire ;  b,  ruptured,  with  the  contents  escaping ; 
— ,71  V,  vitelline  membrane ;  j,  yolk;  vg,  germinal  vesicle ;  t  g,  germinal  spot. 

of  an  inch  in  diameter,  and  being  sometimes  of  no  more  than  half  that 
size.  The  diameter  of  the  germinal  vesicle  of  the  human  ovum  has  not 
yet  been  ascertained,  owing  to  the  difficulty  of  isolating  it  from  the  yolk ; 
in  the  ovum  of  the  rabbit,  it  is  about  l-720th  of  an  inch;  and  that  of  the 
germinal  spot,  in  the  Mammalia  generally,  is  from  l-3600th  to  l-2400th 
of  an  inch. 

963,  It  appears,  from  the  researches  of  Yal^ntin  and  Bischoff,  that  the 
Graafian  vesicle,  or  Ovisac,  is  formed  previously  to  the  Ovum,  which  is 
subsequently  developed  in  its  interior;  and  it  would  seem  that  we  may 
regard  it  as  a  vesicle  of  evolution  for  the  ovum,  in  the  same  way  that  the 
gland-cells  of  the  testis  act  as  vesicles  of  evolution  for  the  spermatozoa. 
The  development  of  ovisacs  commences  at  a  very  early  period  of  life ;  in 
the  ovaries  of  some  animals,  they  can  be  detected  almost  as  soon  as  these 
organs  are  themselves  evolved;  and  in  all,  they  show  themselves  soon 
after  bu-th.  In  Plate  I.,  Fig.  4,  is  rei)resented  the  condition  of  the 
Graafian  vesicles  in  various  stages  of  development,  as  they  are  seen 
imbedded  in  the  fibrous  stroma  of  the  ovarium,  in  a  thin  slice  from  the 
ovary  of  a  sow  three  weeks  old;  by  which  time  the  germinal  vesicle, 
which  is  the  first  part  of  the  ovum  that  makes  its  appearance,  has  been 
developed  in  their  interior.  The  germinal  vesicle,  which  distinctly  shows 
the  germinal  spot,  is  surrounded  by  an  assemblage  of  granules,  which  is 
the  first  indication  of  a  yolk ;  and  around  these  the  zona  pellucida  appears 
to  be  subsequently  developed.  The  ovum  at  first  occupies  tlie  centre 
of  the  Graafian  vesicle,  but  it  subsequently  removes  to  its  periphery; 
and,  when  the  contents  of  the  ovisac  are  undergoing  maturation,  prior  to 
their  escape,  the  ovum  is  always  found  on  the  side  of  it  nearest  to  the 
surface  of  the  ovary.  The  proper  ovisac,  whose  wall  is  formed  of  a  non- 
vascular membrane,  is  surrounded  by  a  vascular  layer,  which  is  formed 
by  a  condensation  of  the  ordinary  stroma  of  the  ovarium;  it  is  this, 
which  is  reckoned  as  the  outer  layer  of  the  Graafian  vesicle. 
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Fig.  154. 


964.  A  continual  change  seems  to  be  talcing  place  in  the  contents  of 
tlie  ovarium,  during  the  greater  part  of  life;  certain  of  the  ovisacs  or 
Graafian  vesicles,  and  their  contents,  successively  arriving  at  maturity, 
whilst  others  degenerate  and  die.  According  to  the  valuable  inquiries  of 
Dr.  llitchiOj*  it  appears  that,  even  during  the  period  of  childhood,  there 

is  a  continual  ruptxire  of  ovisacs  and  discharge  of 
ova,  at  the  surface  of  the  ovarium.     The  Ovaria 
are  studded  with  numerous  minute  copper-coloured 
maculae,  and  their  surface  presents  delicate  vesicu- 
lar elevations,  which  are  occasioned  by  the  most 
matured  ovisacs ;  the  dehiscence  of  these  takes  place 
by  minute  punctiform  openings  in  the  peritoneal 
coat,  and  no  cicatrix  is  left.     At  the  pei'iod  of 
puberty,  the  stroma  of  the  ovarium  is  crowded  with 
ovisacs ;  which  are  still  so  minute,  that  in  the  Ox 
(according  to  Dr.  Barry's  computation)  a  cubic  inch 
would  contain  200  millions  of  them.    The  greatest 
advance  is  seen  in  those  which  are  situated  nearest 
the  surface  of  the  Ovarium ;  and  in  such  the  Graafian 
vesicle,  with  its  two  coats,  may  be  distinctly  traced 
In  those  animals  whose  aptitude  for  conception  is 
periodical,  the  development  of  the  ova,  to  such  a 
degree  that  they  become  prepared  for  fecundation, 
is  periodical  also.    This  development  is  made  evi- 
dent, when  the  parts  are  examined  in  an  animal 
which  is  "  in  heat,"  by  the  projection  of  the 
Ovarinm  of  the  iiubbit,  at  Graafian  vcsicles  from  the  siu-face  (Fig.  154):  and 

the  period  of  Heat;  showing  .  .  .  ,     .  .  ?    .       i     ,  • 

various  stages  of  the  extru-  it  cousists  uot  merely  m  au  mcreasc  of  size,  but  m 
sion  of  ova.  Certain  internal  changes  presently  to  be  described. 

965.  In  the  Human  female,  the  period  of  Puberty,  or  of  commencing 
aptitude  for  procreation,  is  usually  between  the  13th  and  16th  years;  it  is 
generally  thought  to  be  somewhat  earlier  in  warm  climates  than  in  cold,t 
and  in  densely-populated  manufacturing  towns  than  in  thinly-peopled 
agricultural  districts.  The  mental  and  bodily  habits  of  the  individual  have 
also  considerable  influence  upon  the  time  of  its  occm-rence ;  girls  brought 
up  in  the  midst  of  hixury  or  sensual  indulgence,  undergoing  this  change 
earlier  than  those  reared  in  hardihood  and  self-denial.  The  changes  in 
which  puberty  consists,  are  for  the  most  part  connected  with  the  Repro- 


*  "  London  Medical  Gazette,"  1844. 

+  It  has  been  stated,  by  ahnost  all  physiological  writers,  that  women  (like  fruits)  reach 
maturity  and  that  menstruation  commences,  much  earlier  in  hot  climates,  particularly  between 
the  tropics,  than  in  temperate  and  very  cold  countries  ;  from  many  elaborate  and  interesting 
papers  which  have  been  published  within  a  few  years,  however,  especially  from  those  of  Mr. 
Roberton  of  Manchester  (recently  collected  in  his  "  Essays  on  Menstruation,  and  on  Practi- 
cal Midwifery,"  1851 ),  it  would  seem  that  the  natural  period  of  puberty  in  temperate  climates 
occurs  in  a  much  more  extended  range  of  ages,  and  is  much  more  equally  distributed  through 
that  range,  than  others  have  alleged ;  and  that,  in  other  countries,  the  supposed  parallel 
between  plants  and  fruits  does  not  hold  good.  The  fact  seems  to  be,  that  this,  like  other 
periodic  phenomena  of  warm-blooded  animals,  is  but  little  influenced  by  external  temperature, 
simply  because  the  rate  of  growth  and  development,  of  which  these  phenomena  are  the 
exponents,  is  determined  by  the  temperature  of  the  body  itself,  not  by  that  of  the  sur- 
rounding medium.  Still  it  is  quite  possible  that  external  warmth  may  have  a  slight  influence 
in  determining  early  puberty;  since,  as  already  shown,  it  tends  to  maintain  a  somewna 
higher  degree  of  bodily  heat  {§  651). 
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ductive  system.  The  external  and  internal  organs  of  generation  un- 
dergo a  considerable  increase  of  size;  the  mammary  glands  enlarge;  and 
a  deposition  of  fat  tal^es  place  in  the  mammte  and  on  the  pubes^  as  well 
as  over  the  whole  surface  of  the  body,  giving  to  the  person  that  round- 
ness and  fulness,  which  are  so  attractive  to  the  opposite  sex  at  the  period 
of  commencing  womanhood.  The  first  appearance  of  the  Catamenia 
usually  occurs  whilst  these  changes  are  in  progress,  and  is  a  decided 
indication  of  the  arrival  of  the  period  of  puberty ;  but  it  is  not  unfre- 
quently  delayed  much  longer;  and  its  absence  is  by  no  means  to  be 
regarded  as  a  proof  of  the  want  of  aptitude  for  procreation,  since  many 
women  have  borne  large  families,  without  having  ever  menstruated. 
The  Catamenial  discharge,  as  it  issues  fi'om  the  uterus,  appears  to  be 
nearly  or  quite  identical  with  ordinary  blood;  but  in  its  passage  through 
the  vagina,  it  becomes  mixed  with  the  acid  mucus  exuded  from  its  walls, 
which  usually  deprives  it  of  the  power  of  coagulating.  If  the  discharge 
should  be  profuse,  however,  a  portion  of  its  fibrin  remains  unaffected, 
and  clots  ai'e  formed.  In  cases  in  which,  by  the  death  of  women  at 
this  period,  an  opportunity  has  been  afforded  for  the  examination  of  the 
lining  membrane  of  the  uterus  during  menstruation,  it  is  found  to  be 
imusually  turgid  with  blood,  the  veins  in  particular  being  much  dis- 
tended, and  opening  upon  the  internal  surface  by  capillary  orifices,  to 
which  valvules  are  occasionally  found  attached.*  Hence  it  is  scarcely 
cori'ect  to  designate  the  menstrual  flux  as  a  '  secretion;'  although 
there  is  reason  to  think  that  it  may  carry  off,  besides  blood,  certain 
matters  which  would  be  appropriate  to  the  formation  of  a  decidual  mem- 
brane, but  which,  if  not  so  employed,  become  excrementitious. — The 
interval  which  usually  elapses  between  the  successive  appearances  of  the 
discharge,  is  about  fom*  weeks;  and  the  duration  of  the  flow  is  from 
thi-ee  to  six  days.  There  is  great  variety,  however,  in  this  respect  among 
the  inhabitants  in  different  climates,  and  among  individuals ;  in  general, 
the  appearance  is  more  frequent,  and  the  duration  of  the  flow  greater, 
among  the  residents  in  warm  countries,  and  among  individuals  of  luxu- 
rious habits  and  relaxed  ft'ame,  than  among  the  inhabitants  of  colder 
climes,  or  among  individuals  inured  to  bodily  exertion.  The  first  ap- 
peai'ance  of  the  discharge  is  usually  preceded  and  accompanied  by  con- 
siderable general  distui-bance  of  the  system ;  especially  pain  in  the  loins 
and  a  sense  of  fatigue  in  the  lower  extremities;  and  its  periodical  return 
is  usually  attended  with  the  same  symptoms,  which  are  more  or  less 
severe  in  different  individuals. 

9 60.  Much  discussion  has  taken  place  respecting  the  causes  and  pur- 
poses of  the  Menstrual  flow ;  and  recent  inquiries  have  thrown  much  light 
upon  them.  The  state  of  the  female  generative  system,  during  its  conti- 
nuance, appears  to  be  analogous  to  the  heat  of  the  lower  animals,  many  of 
■which  have  a  sero-sanguinolent  discharge  at  that  period.  There  is  good 
reason  to  believe  that  in  the  Human  female  the  sexual  feeling  becomes 
stronger  at  that  epoch ;  and  it  is  quite  certain  that  there  is  a  greater 
aptitude  for  Conception,  immediately  before  and  after  menstruation, 
than  there  is  at  any  intermediate  period.  Observations  to  this  eflect 
were  made  by  Hippocrates,  and  were  confirmed  by  Boerhaave  and  Haller; 
indeed  coitus  immediately  after  menstruation  appears  to  have  been  fre- 
quently recommended  as  a  cm-e  for  sterility,  and  to  have  proved  success- 
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ful.  It  is  well  knowii  that,  among  many  of  the  lower  animals,  the  ova 
are  entirely  extruded  by  the  female,  before  the  spermatic  fluid  of  the 
male  reaches  them ;  and  that  even  in  Birds,  this  occasionally  takes  place. 
This  question  has  been  made  the  subject  of  special  inquiry  by  M.  liaci- 
borski;  who  affirms  that  the  exceptions  to  the  rule — that  conception 
occurs  immediately  before  or  after,  or  during  menstruation — are  not 
more  than  6  or  7  per  cent.  Indeed,  in  his  latest  work  on  this  subject,* 
he  gives  the  details  of  15  cases,  in  which  the  date  of  conception  could  be 
accurately  fixed,  and  the  time  of  the  last  appearance  of  the  catamenia 
was  also  known ;  and  in  all  but  one  of  them,  the  correspondence  between 
the  two  periods  was  very  close.  Even  in  the  exceptional  case,  the 
catamenia  made  their  appearance  shortly  after  the  coitus  j  which  took 
place  at  about  the  middle  of  the  interval  between  the  two  regular  periods. 
When  conception  occm's  immediately  before  the  menstrual  period,  the 
catamenia  sometimes  appear,  and  sometimes  are  absent;  if  they  appeal', 
their  duration  is  generally  less  than  usual.  The  fact  that  conception 
often  takes  place  immediately  before  the  last  appearance  of  the  catamenia 
(and  not  after  it,  as  commonly  imagined),  is  one  well  known  to  practical 
men. — Numerous  cases  have  been  collected  by  Mr.  Girdwood,  Dr.  Robert 
Lee,  MM.  Gendrin,  Negi-ier,  Raciborski,  and  others,  in  which  the  men- 
strual period  was  evidently  connected  with  the  maturation  and  discharge 
of  ova ;  but  the  most  complete  observations  yet  made  upon  this  subject, 
are  those  of  Dr.  Ritchie  (loc.  cit.).  He  states  that  about  the  period  of 
puberty  a  marked  change  usually  takes  j)lace  in  the  mode  in  which  the 
ovisacs  discharge  their  contents;  but  that  this  change  does  not  neces- 
sarily occur  simultaneously  with  the  first  appearance  of  the  catamenia; 
as  in  some  cases,  the  conditions  which  obtain  in  the  period  before 
puberty,  are  extended  into  that  of  menstx'uation.  The  ovaries  now 
receive  a  much  larger  supply  of  blood;  and  the  ovisacs  show  a  great 
increase  in  bulk  and  vasculai'ity ;  so  that,  when  they  appear  at  the  sui- 
face  of  the  ovary,  they  present  themselves  as  pisiform  turgid  elevations; 
and  the  discharge  of  their  contents  leaves  a  much  larger  cicatrix,  and  is 
accompanied  by  an  effusion  of  blood  into  their  cavity,  with  other  subse- 
quent changes,  to  be  presently  described.  It  would  appear,  however, 
that  although  such  a  discharge  takes  place  most  frequently  at  the  men- 
strual period,  yet  that  the  two  occurrences  are  not  necessarily  co- 
existent; for  menstruation  may  take  place  without  any  such  ruptiu'e; 
whilst,  on  the  other  hand,  the  maturation  and  discharge  of  matm-e  ova 
may  occm-  in  the  intervals  of  menstruation,  and  even  at  periods  of  life 
when  that  function  is  not  taking  place.  Perhaps  the  most  coirect 
general  statement  on  the  subject  would  be  this :  that  there  is  a  periodic 
return  of  Ovarian  excitement,  which  teoids  to  the  maturation  and  extru- 
sion of  ovules,  though  it  may  not  always  reach  that  point;  whilst  there 
is  also  a  periodic  turgescence  of  the  vessels  of  the  lining  membrane  of  the 
Uterus,  which  tends  to  the  production  of  a  decidual  membrane; — but 
that  these  two  periods,  though  usually  coincident,  ai-e  not  necessai'ily  so ; 
and  that  either  change  may  occur  without  the  concmrence  of  the  other. 

967.  The  duration  of  the  period  of  aptitude  for  procreation,  as  mai'ked 
by  the  i^crsistence  of  the  Catamenia,  is  more  limited  in  Women  than  w 
Men,  usually  terminating  at  about  the  45th  year;  it  is  sometimes  pro- 
longed, however,  for  ten  or  even  fifteen  years  further ;  but  cases  ai-e  rare  m 
•  "  Sur  la  Ponte  des  Mammiferes,"  Paris,,  1844. 
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which  women  above  50  years  of  age  have  borne  children.  There  is  usually 
no  menstrual  flow  during  pregnancy  and  lactation;  in  fact,  the  cessation  of 
the  catamenia  is  generally  one  of  the  first  signs,  indicating  that  concep- 
tion has  taken  place.  But  it  is  by  no  means  uncommon  for  them  to 
appear  once  or  twice  subsequently  to  conception  j  and  in  some  women, 
there  is  a  regular  monthly  discharge,  though  probably  not  of  the  usual 
secretion,  through  the  whole  period.  Some  very  anomalous  cases  are  on 
record,  in  which  the  catamenia  never  appeared  at  any  other  time  than 
dnring  pregnancy;  and  were  then  regular.  The  absence  of  the  catamenia 
dming  lactation  is  by  no  means  constant,  especially  if  the  period  be 
prolonged ;  when  the  menstrual  discharge  recurs,  it  may  be  considered 
as  indicating  an  aptitude  for  conception;  and  it  is  well  known  that, 
although  pregnancy  seldom  recurs  during  the  continuance  of  lactation, 
the  rule  is  by  no  means  invariable. 

968.  The  function  of  the  Female,  during  the  coitus,  is  essentially 
passive.  When  the  sexual  feeling  is  strongly  excited,  there  is  a  con- 
siderable degTee  of  turgescence  in  the  erectile  tissue  surrounding  the 
vagina,  and  composing  the  greater  part  of  the  nymphse  and  the  clitoris ; 
and  there  is  an  increased  secretion  from  various  glandular  follicles.*  But 
these  changes  are  by  no  means  necessary  for  effectual  coition ;  since  it  is 
a  fact  well  estabhshed,  that  fi'uitful  intercourse  may  take  place,  when  the 
female  is  in  a  state  of  narcotism,  of  somnambulism,  or  even  of  profoiuid 
ordinaiy  sleep.  It  has  been  supposed  by  some,  that  the  os  uteri  dilates, 
by  a  kind  of  reflex  action,  to  receive  the  semen;  but  of  this  there  is  no 
evidence.  The  introduction  of  a  small  quantity  of  the  fluid  just  within 
the  vagina,  appears  to  be  all  that  is  absolutely  necessary  for  conception ; 

*  The  glands  of  Duverney  have  been  very  accurately  described  by  Professor  Tiedemann 
(1840),  his  attention  having  been  directed  to  those  organs  by  the  late  Dr.  Fricke,  of  Ham- 
burg. These  glands  are  situated  at  either  side  of  the  entrance  of  the  vagina,  beneath  the 
integument  covering  the  inferior  part  of  the  vagina,  as  well  as  the  superficial  perineal  fascia, 
and  the  constrictor  vaginae  muscle.  The  space  they  occupy  lies  between  the  lower  end  of  the 
vagina,  the  ascending  ramus  of  the  ischium,  the  crus  clitoridis,  and  the  erector  clitoridis 
muscle.  Superiorly  are  the  fibres  of  the  levator  ani  which  are  attached  to  the  ischium,  and 
behind  these  are  the  transversi-perinei  muscles.  They  are  surrounded  by  very  loose  cellular 
tissue.  They  are  rounded,  but  somewhat  elongated,  being  flat  and  bean-shaped.  Their  long 
diameter  is  from  5  to  10  lines;  their  transverse  diameter  2-^  to  4^  lines,  and  they  are  from  2 J 
to  3  lines  thick.  Their  excretory  duct  is  at  the  anterior  edge  of  the  superior  part  of  the  gland, 
and  runs  beneath  the  constrictor  vaginae,  horizontally  forwards  and  inwards,  to  the  inner 
face  of  the  nympha,  opening  in  front  of  the  carunculse  myrtiformes,  in  the  midst  of  a  number 
of  small  mucous  follicles.  These  glands  were  first  discovered  by  Duverney  in  the  cow,  about 
the  middle  of  the  seventeenth  century.  Bartholinus  subsequently  found  them  in  the  human 
female,  and  his  observations  were  confirmed  by  Duverney,  Morgagni,  Santorini,  Peyer,  &c. 
Haller  denied  their  existence;  and  their  presence  seems  to  have  been  forgotten  until  they 
were  again  described  by  Mr.  Taylor  ("Dublin  Journal,"  vol.  xiii.  1838).  They  are  analo- 
gous to  Cowper's  glands  in  the  male,  according  to  Tiedemann,  and  like  them  are  sometimes 
wantmg,  and  differ  in  size.  In  advanced  age  they  are  said  to  diminish  in  size,  and  even  to 
disappear.  They  are  present  in  the  females  of  all  animals,  where  Cowper's  glands  exist  in 
the  males.  They  secrete  a  thick,  tenacious,  greyish- white  fluid,  which  is  emitted  in  large 
quantity  at  the  termination  of  the  sexual  act,  most  likely  from  the  spasmodic  contraction  of 
the  constrictor  vaginae  muscle,  under  which  they  lie.  Its  admixture  with  the  male  semen 
has  been  supposed  to  have  some  connection  with  impregnation  ;  but  no  proof  whatever  has 
been  given  that  any  such  admixture  is  necessary.  It  seems  not  improbable,  however, 
that  it  may  serve,  like  the  prostatic  fluid  of  the  male,  to  give  a  dilution  to  the  seminal  fluid 
that  is  favourable  to  its  action.  These  glands  were  probably  known  to  the  ancients,  and  it 
is  doubtless  their  secretion  which  Hippocrates  and  others  describe  as  the  female  semen. — 
These  glands  have  been  sinoc  described  by  M.  Huguier,  in  the  "Archives  d'Anatomie," 
(1847).    Plis  description  corresponds  in  every  respect  with  that  given  above. 
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for  there  are  many  cases  on  record,  in  which  pregnancy  has  occurred,  in 
spite  of  the  closure  of  the  entrance  to  the  vagina  by  a  strong  membrane, 
in  which  but  a  very  small  aperture  existed.  That  the  spermatozoa  make 
their  way  towards  the  ovarium,  and  fecundate  the  ovum  either  before  it 
entirely  quits  the  ovisac  or  very  shortly  afterwards,  appeal's  to  be  the 
general  rule  in  regard  to  the  Mammalia;  and  the  question  naturally 
arises, — by  what  means  do  they  arrive  there.  It  has  been  supposed  that- 
the  action  of  the  cilia  which  line  the  Fallopian  tubes,  might  account  for 
their  trausit;  but  the  direction  of  this  is  from  the  ovaria  towards  the 
uterus,  and  would  therefore  be  opposed  to  it.  A  peristaltic  action  of  the 
Fallopian  tubes  themselves  may  generally  be  noticed  in  animals  killed 
soon  after  sexual  intercourse ;  and  in  those  which  have  a  two-horned  mem- 
branous uterus,  such  as  is  evidently  but  a  dilatation  of  the  Fallopian 
tube,  this  partakes  of  the  same  movement,  as  may  be  well  seen  in  the 
Eabbit ;  but  this  peristaltic  action,  like  the  ciliary  movement,  is  from 
instead  of  towards  the  ovaries.  Among  the  tribes  whose  ova  are  ferti- 
lized out  of  the  body,  the  power  of  movement  inherent  in  the  sperma- 
tozoa is  obviously  the  means  by  which  they  are  brought  in  contact  with 
the  ova;  and  it  does  not  seem  unreasonable  to  suppose  that  the  same 
is  the  case  in  regard  to  the  higher  classes,  and  that  the  transit  of  these 
curious  particles,  from  the  vagina  towai'ds  the  ovaries,  is  effected  by  the 
same  kind  of  action  as  that  which  causes  them  to  traverse  the  field  of  the 
microscope. — We  shall  now  consider  the  changes  in  the  Ovum  and  its 
appendages,  by  which  it  is  prepared  for  fecundation. 

969.  Up  to  the  period  when  the  Ovum  is  neai'ly  brought  to  matmity, 
it  remains  in  the  centre  of  the  ovisac  or  inner  layer  of  the  Graafian 
follicle ;  and  it  is  suj^ported  in  its  place  by  the  '  membrana  granulosa,' 
which  is  continuous  with  its  proligerous  disk.  The  movement  of  the 
ovum  towsu'ds  the  surface,  which  has  been  already  refeiTed-to  as  a  part  of 
the  changes  by  which  it  is  prepared  for  fecundation,  appears  from  the 
observations  of  Vtilentin  to  be  due  to  the  following  cause.  In  the  imma- 
ture ovisac,  the  space  between  its  inner  layer  and  the  ovum  is  for  the 
most  part  filled-up  with  cells  ;  these,  however,  gi-adually  dissolve  away, 
especially  on  the  side  nearest  the  surface  of  the  ovaiy;  whilst  an  albumin- 
ous fluid  is  effused  from  the  deeper  part  of  the  ovisac,  which  pushes  the 
residual  layer  (forming  the  discus  proligerus)  before  it,  and  thus  carries 
it  against  the  opposite  wall.  At  the  same  time,  there  is  a  gi-adual  thm- 
ning-away  of  the  various  envelopes  of  the  Graafian  follicle,  as  well  as  of 
its  own  walls,  in  the  situation  of  its  most  projecting  part;  and  thus  it  is 
preparing  to  give  way  at  that  point,  for  the  discharge  of  the  contained 
ovum.  Before  rupture  takes  place,  however,  the  ovisac  itself  undergoes 
a  cousiderable  change.  Its  walls  become  more  vascular  externally,  and 
are  thickened  on  their  interior  by  the  deposit  of  a  fleshy-looking  sub- 
stance, which,  in  many  of  the  lower  Mammalia,  is  of  a  reddish  colour, 
whilst  in  the  Human  female  it  is  rather  of  yellowish  hue.  This  substauce 
is  at  first  entirely  composed  of  an  aggregation  of  cells  (Fig.  155),  auc 
may,  in  fact,  be  considered  as  an  increased  development,  or  hypertropliyj 
of  the  '  membrana  granulosa '  or  epithelial  liniug  of  the  ovisac.  ^ 
domestic  quadrupeds,'  this  growth,  which  sprouts  like  a  mass  of  e"^"''^"",  ^ 
tions  fi'om  the  lining  of  the  ovisac,  is  often  so  abundant,  if  the  ovum 
impregnated,  as  not  only  to  fill  the  cavity  of  the  ruptured  ^esiclo,  o 
even  to  protrude  from  the  orifice  on  the  surface  of  the  ovaiy;  this  oru  ; 
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Fig.  155. 


lowever,  subsequently  closes  ;  and  the  contained  growth  becomes  gradu- 
lly  firmer,  its  coloiu'  changing  from  red  to  yellow.  In  the  Human  female, 
lowever,  the  new  formation  consequent  upon  impregnation  is  less  abun- 
int;  it  does  not  form  mam- 
iiillary  projections  from  the 
uterior  of  the  ovisac,  but  lies 
us  a  uniform  layer  upon  its 
i:iiuff ;  and  this  is  thrown  into 
vrinkles  or  folds,  in  consequence 
)f  the  contraction  of  the  ovisac 
Fig.  15.5  a,  a — d).  An  irregu- 
ar  cavity  is  thus  at  first  left  in 
lie  interior  of  the  ovisac,  after 
he  discharge  of  the  ovum; 
)ut  this  gradually  diminishes, 
)artly  in  consequence  of  the 
11  creased  growth  of  the  yellow  substance,  and  partly  owing  to  the  general 
■i)ntraction  of  the  ovisac,  until  it  is  at  last  nearly  obliterated  or  reduced 
.0  a  soi-t  of  stellate  cicatrix  (e — h).  An  effusion  of  blood  fi-equently  takes 
ilace  into  this  cavity,  in  the  Human  female,  at  the  time  of  the  rupture 


Cells  forming  the  original  substance  of  the  Corpus 
Luteum. 


Fig.  155a. 


Successive  stages  of  the  formation  of  the  Corpus  Luteum,  in  the  Graafian  follicle  of  the 
Sow,  as  seen  in  vertical  section  ; — at  a  is  shown  the  state  of  the  follicle  immediately  after  the 
expulsion  of  the  ovum,  its  cavity  being'fiUed  with  blood,  and  no  ostensible  increase  of  its  epithe- 
lial lining  having  yet  taken  place  ;  at  6,  a  thickening  of  this  lining  has  become  apparent;  at  c, 
it  begins  to  present  folds  which  are  deepened  at  d,  and  the  clot  of  blood  is  absorbed  pari  passu, 
and  at  the  same  time  decolorized ;  a  continuance  of  the  same  process,  as  shown  at  e,  /,  g,  h, 
forms  the  complete  Corpus  Luteum,  with  its  stellate  cicatrix. 

r  the  ovisac ;  but  the  coagulum  which  is  left  takes  no  share  in  the 
'jrmation  of  the  yellow  body.    It  generally  loses  its  colouring  matter, 
uid  acquires  the  characters  of  a  fibrinous  clot;  and  this  may  either  form 
I  sort  of  membranous  sac,  lining  the  cavity;  or  it  may  become  a  solid 
mass,  occupying  the  centre  of  the  stellate  cicatrix.* 
970.  The  cells  which  line  the  Graafian  follicle  undergo  a  gi-eat  increase 
size  at  the  time  of  the  discharge  of  the  ovule,  and  arc  also  partially 
metamorphosed  into  fibres,  especially  where  they  come  into  apposition 
If  with  the  enveloping  wall  of  the  follicle ;  in  fact,  a  gradual  transition  may  be 
'  raced  between  the  cellular  substance  of  the  interior  of  the  follicle,  and 
he  fibrous  stroma  of  the  Ovarium  itself    In  this  manner  is  formed  that 

•  This  process  was  first  accurately  described  by  M.  Poucliet,  in  his  "  Th6orie  Positive  de 
I  Ovulation  Spontanee,"  1847. 
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reddish-yellow  granulation-like  substance,  friable  in  consistence,  and  veiy 
vascular,  which  occupies  that  part  of  the  ovary  of  a  pregnant  female 
whence  the  ovum  has  been  discharged,  and  is  known  under  the  name  of 
■the  Corpus  Luteum.  Its  size  varies  according  to  the  length  of  time 
which  has  elapsed  since  conception.  At  first,  it  is  usually  so  large  as  to 
occasion  a  considerable  projection  on  the  surface  of  the  ovaiy;  its  form 
is  oval,  or  resembles  that  of  a  bean.  When  cut  across,  its  dimensions 
are  usually  found  to  be  from  4  to  5-8ths  of  an  inch  in  its  long  diameter, 
and  from  3  to  4-8ths  in  its  short ;  and  it  thus  occupies  from  a  fourth  to 
a  half  of  the  whole  area  of  the  ovarium ;  but  these  dimensions  are  not 
unfrequently  exceeded.  The  centre  of  this  substance  is  hollow;  and  by 
a  proper  acquaintance  with  this  character,  the  true  Corpus  Luteum  may 
be  distinguished  from  substances  bearing  a  general  resemblance  to  it,  but 
very  different  in  their  character.  The  following  is  Di-.  Montgomeiy's 
account  of  it.  "  Its  centre  exhibits  either  a  cavity,  or  a  radiated  or 
branching  white  line,  according  to  the  period  at  which  the  examination 
is  made.  If  within  the  first  three  or  four  months  after  conception,  we 
shall,  I  believe,  always  find  the  cavity  still  existing,  and  of  such  a  size  as 
to  be  capable  of  containing  a  grain  of  wheat  at  least,  and  very  often  of 
much  greater  dimensions;  this  cavity  is  surrounded  by  a  strong  white 
cyst ;  and  as  gestation  proceeds,  the  opposite  parts  of  this  cyst  approxi- 
mate, and  at  length  close  together,  by  which  the  cavity  is  completely 
obliterated,  and  in  its  place  there  remains  an  irregular  white  hue,  whose 
form  is  best  expressed  by  calling  it  radiated  or  stelliform.  This  is  visible 
as  long  as  any  distinct  trace  of  the  corpus  luteum  remains."  *  The  true 
corpus  luteum  is  further  distinguished  by  its  capability  of  being  injected 
from  the  vessels  of  the  ovary;  which  is  not  the  case  with  tuberculai- 
deposits,  or  other  substances  which  may  simulate  it.  After  deliveiy, 
the  size  of  the  corpus  luteum  rapidly  diminishes;  and  in  a  few  months  it 
ceases  to  be  recognizable  as  such.  The  cicatrix  by  which  the  ovum  has 
escaped  is  visible  for  some  time  longer ;  but  this,  too,  according  to  the 
cai-eful  researches  of  Dr.  Montgomery,  cannot  be  distinguished  at  a  subse- 
quent period.  Hence  there  is  no  coiTCspondence  between  the  number  of 
corpora  lutea  foimd  in  the  ovai'ies  of  a  woman,  or  of  cicatrices  on  then* 
surface,  and  the  number  of  children  she  may  have  borne.  The  niunber 
of  corpora  lutea  must  always  be  less,  when  there  have  been  many  con- 
ceptions, in  consequence  of  the  complete  disappearance  of  some  of  them ; 
but  the  number  of  cicatrices  may  be  greater;  for  several  causes,  such  as 
the  escape  of  unimpregnated  ova,  or  the  bursting  of  little  abscesses,  may 
give  rise  to  such  appearances. 

971.  It  is  a  question  of  much  scientific  interest,  and  one  that  occar 
sionally  becomes  of  importance  in  Juridical  investigations,  what  extent  of 
resemblance  may  exist  between  the  condition  of  the  Ovisac  after  the 
expulsion  of  an  ovum  that  does  not  become  impregnated,  and  that  ot  a 
pregnant  female  in  which  a  true  '  corpus  luteum '  is  present.  This  ques- 
tion cannot  be  decided  by  observations  on  domesticated  quadi-upeds; 
since  it  appears  certain  that  in  them  there  is  altogether  a  more  fib^uidan 
production  of  the  yellow  substance  than  in  the  Human  female,  and  tna 
it  is  more  persistent  after  the  discharge  of  the  ovum;  which  may  pei- 
haps  be  accounted-for  by  the  greater  functional  activity  or  exciteme 

*  "  Signs  of  Pregnancy,"  p.  226. 
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1'  the  ovarian  apparatus  in  an  animal  "  in  heat,"  than  usually  exists  in 
le  Human  female  at  the  menstrual  period.  There  is  reason,  moreover, 
1  believe  that  the  amount  of  this  may  vary  considerably  in  different 
males,  and  in  the  same  female  at  different  times.  The  general  fact 
•rtainly  is,  that  a  thin  layer  of  yellow  substance,  composed  chiefly  of 
lis  and  of  fibres  originating  in  the  metamorphosis  of  cells,  is  ordinarily 
i  med  on  the  lining  of  the  ovisac  j  that  this  is  greatly  increased  in 
ickness,  if  the  ovum  be  impregnated;  but  that  if  it  be  not,  it  gradually 
: -^appears;  so  that,  from  this  difference  in  the  subsequent  changes 
,\hich  may  be  probably  attributed  to  the  increased  determination  of 
lood  to  the  whole  Generative  apparatus  when  it  is  in  a  state  of  excessive 
uictional  activity),  the  corpus  luteum  which  is  characteristic  of  the 

I  regnant  state  is  usually  a  much  larger  and  more  highly  organized  body, 
an  that  which  is  commonly  found  in  the  ovary  of  the  unimpregnated 
male.  But  it  is  also  unquestionable  that  an  unusual  development  of  the 
bro-ceUular  substance  may  sometimes  take  place  without  impregnation; 
liilst  on  the  other  hand,  the  changes  which  usually  follow  impregnation 
lay  take  place  so  much  less  characteristically  than  usual,  that  the  corpus 
iteum,  even  at  an  early  period  of  pregnancy,  may  be  no  larger  than 
lat  which  is  often  found  where  pregnancy  has  not  occurred.  These 
j.riations,  which  seem  mainly  to  depend  upon  differences  in  the  degree 
f  vascular  excitement  of  the  ovaries,  accompanying  and  succeeding  the 
xtrusion  of  ova,  render  it  impossible  to  draw  any  definite  line  of  demar- 
ation,  by  which  we  may  at  once  determine  what  are,  and  what  are  not, 
iie  results  of  conception ;  but  the  following  practical  rules,  deduced  from 
consideration  of  all  the  circumstances  yet  known,  may  be  laid  down  for 
9  guidance  of  those  who  find  it  desirable  to  have  some  standard  of 
idgment.  —  "1.  A  Corpus  Luteum,  in  its  earliest  stage  (that  is,  a  large 
esicle  filled  with  coagxdated  blood,  having  a  raptured  orifice,  and  a  thin 
lyer  of  yellow  matter  in  its  walls),  affords  no  proof  of  impregnation 
living  taken  place.  —  2.  From  the  presence  of  a  Corpus  Luteum,  the 
]:)ening  of  which  is  closed,  and  the  cavity  reduced  or  obliterated,  only  a 
eUate  cicatrix  remaining,  also  no  conclusion  as  to  pregnancy  having 
xisted  or  fecundation  having  occurred  can  be  drawn,  if  the  corpus 
iteum  be  of  smaU  size,  not  containing  as  much  yellow  substance  as 
.  ould  form  a  mass  the  size  of  a  small  pea. — 3.  A  similar  Corpus  Luteum 
f  larger  size  than  a  common  pea,  would  be  strong  presumptive  evidence, 
^t  only  of  impregnation  having  taken  place,  but  of  pregnancy  having 
xisted  during  several  weeks  at  least;  and  the  evidence  would  approxi- 
late  more  and  more  to  complete  proof,  in  proportion  as  the  size  of  the 

i  orpus  luteum  was  greater."  * 

i|    972.  It  cannot  now  be  doubted,  that  the  matm-ation  and  discharge  of 
I  va  from  the  Ovaries,  is,  in  the  Human  female,  and  in  Mammalia  in 
fceneral,  an  operation  quite  as  independent  of  conception,  and  even  of 
'xual  intercourse,  as  it  is  in  those  animals  in  which  the  ova  are  fertilized 
it  of  the  body;t  and  it  is  no  longer  considered  essential,  therefore,  that 

*  See  Dr.  Baly's  "  Supplement  to  MUller's  Physiology,"  p.  57 ;  where  a  comprehensive 

■ount  will  be  found  of  all  the  recent  researches  bearing  upon  this  question. 

t  Two  cases,  in  which  Ovules,  or  their  remains,  were  discovered  in  the  P'allopian  tubes  of 
\'omen  who  had  died  during  the  Menstrual  period,  under  circumstances  which  entirely 

eluded  the  idea  of  previous  sexual  intercourse,  have  been  lately  recorded  by  Dr.  Letheby 
•Phil,  Trans.,"  1852,  p.  57). 
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the  seminal  fluid  should  reach  the  ovarium  in  order  to  effect  the  fertiliza- 
tion of  the  ova,  since  this  end  may  be  answered  by  the  contact  of  the  two" 
in  the  Fallopian  tubes,  or  even  in  the  Uterus  itself.    From  the  experi- 
ments of  BischofF,  however,  it  appears  that  in  rabbits,  bitches,  and  pro- 
bably in  most  other  Mammalia,  sexual  union  usually  takes  place  previously 
to  the  escape  of  the  ova  from  the  ovary,  and  that  sufficient  time  often 
elapses  for  the  seminal  fluid  to  reach  the  ovary  before  their  extrusiou 
occurs :  in  such  cases,  therefore,  it  would  seem  probable  that  fecundation 
is  effected  at  the  ovaiy  itself.    That  such  occasionally  happens  in  the  I 
Human  female,  seems  to  be  unequivocally  proved  by  the  occm-rence  of 
tubal  or  even  of  ovarian  foetation ;  the  ovum  having  received  the  fei-tiliz-  • 
ing  influence  immediately  upon  quitting  the  ovisac,  or  even  before  it  has  i 
entirely  extricated  itself  from  the  ovary,  and  having  been  in  some  way  | 
checked  in  its  transit  towards  tlie  uterus,  so  that  its  development  has  I 
taken  place  in  the  spot  at  which  it  has  been  arrested.    It  is  affirmed  by  ! 
BischofT  that  by  the  time  the  ovum  reaches  the  uterus,  or  even  the  lower  I 
end  of  the  Fallopian  tube,  its  capacity  for  impregnation  is  lost;  but  this  i 
assertion  chiefly  rests  on  the  cessation  of  sexual  desire,  observed  in  those  \ 
animals  in  which,  after  death,  it  was  found  that  the  ova  had  passed  into  i 
the  uterus,  or  had  arrived  at  the  lower  part  of  the  Fallopian  tube.  There 
is  every  reason  to  believe  that  this  is  not  the  case  in  the  Human  female ; 
for,  although  the  sexual  desire  may  be  the  strongest  about  the  period  of 
the  maturation  and  cscaj)e  of  the  ova,  yet  it  is  by  no  means  wanting  at 
other  times ;  and  the  occasional  occtxrrence  of  cases  in  which  impregna- 
tion has  taken  place  from  a  single  coitus  in  the  middle  of  the  iuteiTal 
between  the  menstrual  periods,  shows  either  that  the  ovum  may  retain  its 
capacity  for  impregnation  for  some  time  after  its  escape  from  the  ovary, 
or  that  its  maturation  and  extrusion  are  not  by  any  means  invariably 
coincident  with  the  menstrual  period.* — The  ova,  when  set  free  from  the 
ovaries  by  the  rupture  of  the  ovisacs  and  the  giving-way  of  then-  seveiul 
envelopes,  are  received  by  the  fimbriated  extremities  of  the  Fallopian 
tubes,  which,  during  the  period  of  sexual  excitement,  appear  to  be  closely 
applied  to  the  surface  of  the  ovaries.    Their  conveyance  along  the  Fallo- 
pian tubes  is  probably  due  in  part  to  their  peristaltic  movement,  and  in 
j)art  to  the  action  of  the  cilia  which  clothe  their  internal  surface. 

973.  The  object  of  the  changes  which  have  been  already  described,  is 
to  bring  the  Ovum  within  reach  of  the  fecundating  influence,  and  to 
convey  it  into  the  uterus  after  it  has  been  fertilized  :  we  have  now  to 
consider  the  changes  in  the  Ovum  itself,  which  take  place  during  the 
same  epoch.  At  about  the  same  period  that  the  ovum  moves  towards 
the  periphery  of  the  Graafian  follicle,  the  germinal  vesicle  moves  towai'ds 
the  periphery  of  the  yolk ;  and  it  always  takes  up  its  position  at  the  pre- 
cise point  of  the  zona  pellucida  which  is  nearest  the  ovisac,  and  which 
is  closest,  therefore,  to  the  surface  of  the  ovary.    Moreover,  the  germiual 

*  See  a  case  of  this  kind  recorded  by  Dr.  Oldham  in  the  "Medical  Gazette,"  July  13, 
1849. — Instances  are  certainly  not  unfrequent,  in  which  conception  has  taken  place  five  or 
six  days  after  the  conclusion  of  the  menstrual  period  ;  the  Author  has  himself  known  one  m 
which  this  occurred,  after  the  menstrual  flow  itself  had  persisted  for  a  week.    It  has  been 
urged  that  the  known  fertility  of  the  Jewish  females,  who  abstain  from  sexual  intercourse  lor 
eight  days,  or  even  thirteen  days,  after  the  termination  of  the  catamenia,  is  opposed  to  tlie 
idea  that  the  menstrual  period  is  that  of  '  heat' ;  but  there  is  reason  to  believe  that  this  is 
be  accounted-for  in  another  way — namely,  by  the  usual  occurrence  of  conception  froiu 
course  immediately  before  the  access  of  the  catamenia.   (See  Mr.  Gird  wood,  in  the  "Lancet, 
Dec.  14,  1844.) 
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»ot  is  always  on  that  itart  of  the  germinal  vesicle,  which  is  in  closest 
iiitrtct  with  the  zona  pellucida.  Thns,  the  germinal  spot  is  very  near  the 
aei-ior  of  the  ovary;  bnt  is  separated  fi-om  it  by  the  peritoneal  coat  of 
.0  latter,  by  a  thin  layer  of  its  stroma  forming  the  external  layer  of  the 
i-;mfian  jfollicle,  by  the  ovisac  forming  its  internal  membrane,  and  by  the 
lua  pellucida.  As  soon  as  these  give  way,  there  is  nothing  to  prevent 
10  spermatozoa  from  coming  into  direct  contact  with  the  ovum,  even 
fore  it  quits  the  ovisac.  That  such  contact  is  an  essential  condition  of 
•imdation,  there  is  every  reason  to  believe ;  although,  as  to  the  precise 
uumer  in  which  it  operates,  we  are  at  present  in  the  dark.  There  can 
c  no  doubt  that  it  is  in  the  contact  of  the  spermatozoa  with  the  ovum, 
ud  in  the  changes  which  occur  as  the  immediate  consequence  of  that 

I  ontact,  that  the  act  of  Fecundation  essentially  consists.  We  have  already 
3en  that  the  Spermatozoa  constitute  the  essential  part  of  the  Seminal  fluid 
^  959) ;  and  although  it  has  been  ascertained  by  Mr.  Newport^  that  the 
ermatic  fluid  as  secreted  by  the  testes  is  inferior  in  fertilizing  power  to 
lat  which  has  been  mingled  with  the  prostatic  fluid,  yet  it  seems  that  this 
iferiority  simply  results  from  its  state  of  too  great  concentration,  and  not 
om  any  endowments  peculiai'  to  the  prostatic  fluid,  since  dilution  with 
ther  fluids  answers  the  same  purpose.  Mr.  Newport's  most  recent  obser- 
ations  upon  the  process  of  impregnation  in  the  Frog  (which  the  Author, 

,  arough  the  kindness  of  Mr.  N.,  has  had  the  opportunity  of  verifying), 
low  that  the  spermatozoa  become  imbedded  in  the  gelatinous  envelope 
f  the  ovum,  within  a  few  seconds  after  they  come  into  contact  with  it, 
ud  that  they  are  thus  brought  into  close  approximation  with  (if  they  do 
ot  absolutely  pass  through)  the  vitelline  membrane;  in  this  situation 
.  liey  probably  undergo  a  gradual  diflBuence ;  and  thus  the  product  of  the 
sperm-cell '  may  be  absorbed  into  the  '  germ-cell,'  and  may  intermingle 
ith  its  contents,  just  as  in  the  fecundation  of  the  ovule  of  Flowering- 
lants ;  the  Spermatozoon  being  nothing  else  than  an  embodiment  of  the 
rtilizing  material  developed  within  the  sperm-cell,  which  is  endowed 
ith  a  temporary  power  of  movement  in  order  that  it  may  find  its  way 
>  the  Ovum.  It  has  been  remarked  by  Mr.  Newport,  that  Sperma- 
'?;oa  whose  spontaneous  motility  has  ceased,  no  longer  possess  the  fecun- 
iting  power;  and  this  fact  concurs  with  other  phenomena  to  indicate, 
I  at  it  is  not  only  a  certain  material,  but  a  vital  force  of  which  that 
laterial  is  (so  to  speak)  the  vehicle,  which  is  required  to  effect  this  most 
aportant  operation. 

i  974.  The  precise  share  which  the  Germinal  Vesicle  and  Germinal  Spot 
rform  in  the  changes  which  take  place  in  the  ovum  about  the  period 
i  fecundation,  has  not  yet  been  satisfactorily  determined.  According  to 
'r.  Bariy,  the  germinal  vesicle  becomes  filled  with  a  new  development  of 
Us,  which  sprout,  as  it  were,  from  its  nucleus  (the  germinal  spot);  and 
Iter  fecundation  a  pair  of  cells  is  seen  in  the  space  previously  occupied 
y  the  pellucid  centre  of  the  nucleus,  which  is  developed  at  the  exj^ense 
f  the  rest,  and  is  the  true  foundation  of  the  embryonic  structure.  This 
low  is  to  a  certain  extent  confirmed  by  the  observations  of  Wagner  on 
lie  ova  both  of  Frogs  and  Mammalia,  and  by  those  of  Vogt  on  those  of 
lie  Rana  obstetricans ;  both  of  which  lead  to  the  belief  that  such  a  pro- 
'  .ss  of  cell-formation  does  take  place  within  the  germinal  vesicle,  but  that, 
1  stead  of  the  further  development  being  carried-on  within  the  germinal 
(•side,  as  maintained  by  Dr.  Barry,  this  ruptures  and  sets  free  the  cells 
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that  had  been  developed  in  its  interior,  which  are  now  dispersed  throng]) 
the  yolk,  whose  ulterior  changes  take  place  under  their  influence.  Mr. 
Newport's  view  is  nearly  the  same  as  this;  and  he  states  that,  m  the 
Frog,  this  dissolution  of  the  germinal  vesicle  and  diffusion  of  its  contents 
takes  place  as  a  preparation  for  fecundation,  and  not  in  consequence  of  it.* 
That  the  germinal  vesicle  is  no  longer  to  be  seen  when  the  metamorphoses 
of  the  yolk  have  commenced,  is  now  universally  admitted;  but  witli 
regard  to  the  antecedent  process  just  described,  there  is  still  a  want  of 
accordance  amongst  Embryologists,  its  existence  being  altogether  denied 
by  Bischoff,  who  maintains  that  the  germinal  vesicle  simply  dissolves 
away  shortly  after  coition,  as  had  been  supposed  by  Dr.  Bai'ry's  prede- 
cessors. The  Author  is  strongly  inclined  to  believe,  however,  from  his 
own  observations,  as  well  as  from  ^  priori  considerations,  based  on  the 
history  of  Vegetable  fertilization,  that  there  is  a  development  of  cells 
within  the  germinal  vesicle,  at  the  time  of  its  maturation ;  and  that  it  is 
by  the  influence  of  the  spermatic  fluid  upon  one  of  these  cells,  after  it  lias 
been  set  free  in  the  midst  of  the  yolk  by  the  rupture  or  diffluence  of  the 
germinal  vesicle,  that  the  first  cell  of  the  embryonic  fabric  is  generated. 

975.  Whatever  be  the  precise  nature  and  history  of  the  Fecundating 
process,  there  can  be  no  doubt  that  the  properties  of  the  germ  depend 
upon  conditions,  both  material  and  dynamical,  supplied  by  both  parents. 
This  is  most  obviously  shown  by  the  fusion  of  the  characters  of  the  parents, 
which  is  exhibited  by  hybrids  between  distinct  species  or  strongly-mai-ked 
varieties  among  the  lower  animals,  such  as  the  Horse  and  Ass,  the  Lion 
and  Tiger,  or  the  various  breeds  of  Dogs;  or  in  the  ofispring  of  parents 
belonging  to  two  strongly-contrasted  Eaces  of  Men,  such  as  the  Em-opean 
on  the  one  hand,  and  the  Negro  or  American  Indian  on  the  other.  But 
it  is  rare  to  meet  with  instances,  even  when  the  differences  between  the 
parents  are  far  less  strongly  marked,  in  which  some  distinctive  traits  of 
both  may  not  be  readily  traced ;  these  traits  showing  themselves  in  pecu- 
liarities of  manner  and  gestm-e,  in  tendencies  of  thought  or  feeling,  in 
proneness  to  particular  constitutional  disorders,  &c.,  even  where  there  is 
no  personal  resemblance,  and  where  there  has  been  no  possibility  that 
these  peculiarities  should  have  been  gained  by  imitation.  And  it  is  well 
known,  too,  that  such  peculiarities  will  often  re-appear  in  a  subsequent 
generation,  after  being  apparently  extinct;  as  if  the  agency  which  pro- 
duced them  had  been  overpowered  for  a  time  by  some  stronger  influence, 
but  had  subsequently  been  left  free  to  operate.  This  phenomenon  is 
known  as  atavism. — The  influence  of  particidar  perversions  of  the  regular 
nutritive  operations,  brought  about  by  causes  to  which  the  parents  have 
been  exposed,  is  often  manifested  in  the  offspring;  thus  we  find  gout, 
scrofula,  syphilis,  &c.,  hereditarily  transmitted ;  and  the  children  of  habi- 
tual di'unkards  are  distinguished  by  their  tendency  to  Idiocy  and  In- 
sanity, t — There  seems  good  reason  to  believe,  moreover,  that  the  attributes 
of  the  germ  are  in  great  degree  dependent,  not  merely  upon  the  habitual 
conditions  of  the  parents  which  have  furnished  its  original  components, 
but  even  upon  the  condition  in  which  those  parents  may  be  at  the  time 
of  sexual  congress.  Of  this  we  have  a  remarkable  j)roof  in  the  phenome- 
non well  known  to  breeders  of  animals,  that  a  strong  mental  impression 

*  "Philosophical  Transactions,"  1851,  p.  178. 

t  See  the  Author's  "  Prize  Essay  on  Alcoholic  Liquors,"  §  36  ;  and  Dr.  Howe's  '  Kepon 
on  Idiocy  in  Massachusetts,"  in  Amer.  Journ.  of  Med.  Sci.,  April,  1849. 
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made  upon  the  female  by  a  particular  male,  will  give  the  offspring  a 
resemblance  to  him,  even  though  she  has  had  no  sexual  intercourse  with 
liim ;  a  circumstance  for  which  there  is  no  difficulty  in  accounting,  on  the 
hypothesis  already  put  forth  regarding  the  dynamical  relation  of  Mental 
-tates  to  the  Organic  processes  (§  945).  And  there  is  no  improbability, 
therefore,  in  the  idea  that  the  offspring  of  parents  ordinarily  healthy  and 
temperate,  but  begotten  in  a  fit  of  intoxication  on  both  sides,  would  be 
likely  to  suffer  permanently  from  the  abrogation  of  the  reason,  which  they 
liave  temporarily  brought  upon  themselves.*  There  is  another  class  of 
tacts  which  seems  referable  to  the  same  category,  that,  namely,  which 
exhibits  the  influence  of  a  male  parent  upon  the  subsequent  oflFsj)ring  of  a 
cUfFerent  pai-entage ;  as  in  the  weU-known  case  of  the  transmission  of  the 
Quagga-marks  to  a  succession  of  colts  both  whose  parents  were  of  the 
species  Horse,  the  mare  having  been  once  impregnated  by  the  Quagga 
male  ;t  and  in  the  not  infrequent  occurrence  of  a  similar  phenomenon  in 
the  Hiiman  species,  as  when  a  widow  who  marries  a  second  time  bears 
children  strongly  resembhng  her  first  husband.  Some  of  these  cases 
appear  referable  to  the  strong  mental  impression  left  by  the  first  male 
parent  upon  the  female;  but  there  are  others  which  seem  to  render  it 
more  likely  that  the  blood  of  the  female  has  imbibed  from  that  of  the 
foetus,  tkrough  the  placental  circulation,  some  of  the  attributes  which  the 
latter  has  derived  from  its  male  parent ;  and  that  the  female  may  com- 
municate these,  with  those  proper  to  herself,  to  the  subsequent  offspring 
of  a  difierent  male  parentage.  ^ — On  the  whole,  then,  we  seem  entitled  to 
conclude,  that  the  attributes  of  the  embryo  will  be  influenced  in  a  most  im- 
portant degree  by  the  entire  condition  (as  relates  both  to  the  organic  and 
the  psychical  life)  of  both  parents  at  the  time  of  the  sexual  congress ;  and  it 
is  probably  on  account  of  the  perpetual  changes  taking  place  in  the  bodily 
,md  mental  state  of  each  individual  (his  conddtion  at  any  one  time  being 
the  general  resultant  of  all  those  changes),  that  we  almost  constantly  wit- 
ness marked  differences  between  children  born  at  successive  intervals, 
however  strong  may  be  the  'family  likeness'  among  them;  whilst  the 
resemblance  between  twins  is  almost  invariably  much  closer.  § 

976.  Having  thus  noticed  the  principal  points  of  the  history  of  the 
development  and  impregnation  of  the  ovum,  we  shall  proceed  to  con- 
ider  the  provisions  made  for  the  Nutrition  of  the  Embryo,  through  the 
generative  appai'atus  of  the  female,  up  to  the  time  of  parturition;  defer- 
'  ing  the  history  of  the  development  of  the  germs  for  that  separate  con- 
sideration which  the  importance  of  that  subject  demands. — About  the 
time  that  the  ovum  is  leaving  the  ovary,  the  cells  of  the  proligerous  disk 
which  immediately  sun-ounds  the  zona  pellucida  become  club-shaped; 
theu-  small  ends  being  applied  to  the  surface  of  the  ovum,  so  as  to  give  it 
somewhat  of  a  stellate  appearance.  According  to  Bischofi",  these  cells 
jntirely  disappear  from  the  ovum  of  the  rabbit,  as  soon  as  it  has  entered 

*  See  a  case  of  this  kind  related  by  Mr.  G.  Combe  in  the  "  Phrenological  Journal,'" 
\"ol.  viii.  p,  471. 
t  "  Philosophical  Transactions,"  1821. 

+  See  an  interesting  discussion  of  this  question,  by  Dr.  Alex.  Harvey,  in  the  "  Edinb. 
■Monthly  .Journ  Oct.,  1849,  and  Oct.  and  Nov.,  1850;  and  in  his  pamphlet  "  On  a  llc- 
narkable  Effect  of  Cross-breeding,"  Edinb.,  1851. 

$  This  strong  resemblance,  it  is  true,  is  occasionally  deficient;  but  this  may  perhaps  be 
;iirly  attributed  to  the  circumstance  of  the  twins  being  the  offspring  of  different  conceptions, 
^vhich  is  undoubtedly  sometimes  the  case,  as  is  shown  by  the  long  interval  that  elapses 
JGtween  their  births  (j  9.90). 
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the  Fallopian  tube:  whilst  iu  the  hitch  they  become  round,  and  continue 
to  invest  the  ovum  in  this  form  throughout  its  whole  transit  to  tlie 
uterus.    During  its  passage,  the  ovum  acquires  a  sort  of  gelatinous  enve- 
lope, which  is  inclosed  in  a  membrane  of  fibrous  texture,  termed  the 
Chorion,    This  envelope  is  probably  of  an  alhuviinous  nature  in  reality, 
corresponding  with  the  white  of  the  Bird's  egg;  whilst  the  fibrous  texture 
of  the  chorion  seems  to  be  produced,  like  the  membranous  basis  of  the 
egg-shell  of  the  bird,*  by  the  exudation  of  fibrin  from  the  lining  mem- 
brane of  the  Fallopian  tube  or  oviduct.    The  outer  layer  of  this  euvelope,  [ 
iu  the  egg  of  the  bird,  is  consolidated  by  the  deposition  of  particles  j 
of  carbonate  of  lime  in  its  areola3 ;  and  none  of  it  undergoes  any  hio-her  I 
organization.    The  Chorion  of  the  Mammal,  on  the  other  hand,  subse-  - 
quently  undergoes  changes  of  a  much  higher  order ;  which  adapt  it  for  ■ 
participating,  to  a  most  important  degree,  in  the  nutrition  of  the  included  j 
embryo.    The  first  of  these  changes  consists  in  the  extension  of  the  sur-  | 
face  of  the  membrane  into  a  number  of  villous  prolongations,  at  first  j 
composed  entirely  of  cells,  which  give  it  a  spongy  or  shaggy  appeai-ance  i 
(Plate  I.  Fig.  10,/,/).    These  serve  as  absorbing  radicles,  and  form'the  j 
channel  through  which  the  embryo  is  nourished  by  the  fluids  of  the  I 
parent,  until  a  more  perfect  communication  is  formed,  in  the  manner  to  i 
be  presently  explained.  i 
977.  We  have  now  to  speak  of  the  changes  in  the  Uterus,  which  take  i 
place  in  consequence  of  Conception,  and  which  prepare  it  to  receive  the  I 
ovum.    Of  these  the  most  important  is  the  formation  of  the  Membrana  j 
Decidua,  so  called  from  its  being  cast  off  at  each  parturition.    This  mem-  ! 
brane  has  been  usually  supposed  to  be  a  new  formation ;  and  has  been  j 
described  as  originating  in  coagulable  lymph  thrown  out  on  the  inner 
surface  of  the  uterus,  into  which  vessels  are  prolonged  from  the  subjacent 
surface.    It  appears,  however,  from  the  researches  of  Dr.  Sharpey  and 
Prof  Weber,t  that  this  is  not  the  true  account  of  it ;  and  that  the  Decidua 
vera  is  really  composed  of  the  inner  portion  of  the  Mucous  membrane 
itself,  which  undergoes  a  considerable  change  in  its  character.    The  Mu- 
cous membrane  of  the  uterus  possesses  on  its  free  surface,  a  tubular 
structure  (Figs.  156,  157);  not  very  unlike  that  which  has  been  described 
as  existing  in  the  lining  membrane  of  the  stomach  (§  440).    This  tubular 
portion  becomes  thickened  and  increased  in  vascularity,  within  a  short 
time  after  conception ;  and  when  the  inner  surface  of  a  newly-impregnated 
Uterus  is  examined  with  a  low  magnifying  power,  the  orifices  of  its  tubes 
are  very  distinctly  seen,  being  lined  with  a  white  epithelium.   The  blood- 
vessels form  a  very  minute  network,  which  extends  in  loops  from  the 
subjacent  portion  of  the  membrane.    According  to  the  observations  of 
Prof  Goodsir,^  the  interfoUicular  spaces  also  are  crowded  with  nucleated 
particles;  and  it  is  to  the  development  of  this  interfoUicular  substance,  as 
well  as  to  the  enlargement  of  the  follicles  themselves,  and  the  copious 
development  of  epithelial  cells  in  their  interior,  that  the  mucous  mem- 
brane in  this  condition  owes  its  increased  thickness.     This  increased 
development  appears  to  have  reference  in  part  to  the  temporary  nu- 
trition of  the  Ovum,  and  in  part  to  the  further  evolution  of  the 
decidual  substance  itself  in  the  formation  of  the  Placenta.  The  cavity 

•  "  Princ.  of  Phys.,  Gen.  and  Corap.,"  §  ]  60. 

+  Miiller's  "  Elements  of  Physiology,"  pp.  1574-1580. _ 

X  "  Anatomical  and  Physiological  Observations,"  chap.  ix. 
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of  the  uterus  shortly  becomes  filled  with  a  fluid,  evidently  poured  out 
from  the  follicles  in  its  walls,  and  containing  a  large  number  of  nucleated 
cells;  and  in  this  the  villi  of  the  chorion  are  imbedded,  obviously  for  the 
purpose  of  deriving  from  it  the  materials  required  for  the  development  of 


Fig.  1.56.  Fig.  157. 

i 


Fig.  156.  Section  of  the  Lining  Membrane  of  a  Human  Uterus  at  the  period  of  commencing 
pregnancy,  twice  the  natural  size ;  sho\ving  the  arrangement  and  other  peculiarities  of  the 
glands  d,  d,  d,  with  their  orifices,  a,  a,  a,  on  the  internal  surface  of  the  organ. 

Fig.  157.  A  portion  of  Fig.  156  more  enlarged,  showing  the  convoluted  extremities  of  the 
tuhular  glandulse. 

the  embiyonic  structures.  These  villi  are  easily  traced  in  the  bitch  (as 
Dr.  Sharpey  first  pointed  out)  into  the  mouths  of  the  uterine  giandulas, 
some  of  which  are  composite  in  their  structure,  a  single  outlet  being  com- 
mon to  a  number  of  follicles ;  but  they  have  not  yet  been  so  traced  in 
the  Human  subject. 

978,  The  Deciduous  membrane  is  found  at  a  later  period  to  consist  of 
two  layers;  the  Decidua  vera  lining  the  uterus,  and  the  Decidua  reflexa 
covering  the  exterior  of  the  ovum.  Eegarding  the  origin  of  this  second 
layer,  there  has  been  a  good  deal  of  difference  of  opinion.  The  doctrine 
first  propounded  by  Dr.  W.  Hunter,  which  is  indicated  by  the  name 
which  he  bestowed  upon  the  membrane,  was  that  the  decidua  reflexa  is 
a  portion  of  the  tnie  decidua,  which  has  been  pushed  before  the  ovum  at 
its  entrance  into  the  uterus ;  it  being  supposed  that  the  true  decidua 
fonns  a  completely  closed  sac  (like  that  of  a  serous  membrane),  against 
the  outside  of  which  the  ovum  is  applied,  so  that  it  comes  to  be  invested 
by  a  double  layer  of  it,  as  the  heart  is  by  the  pericardium,  or  the  luno-s 
by  the  pleura.    But  this  view  is  negatived  by  a  number  of  considerations. 

3  T 
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Fig.  158. 


First  stage  of  the  formation  of  the  Decidua  reflexa 
around  the  Ovum. 


For,  in  the  first  place,  the  original  decidua  does  not  form  the  closed  sac 
which  this  supposition  involves,  but  extends  (like  the  mucous  membrane 
of  which  it  is  a  metamorphosed  form)  into  the  Fallopian  tubes  ;  and  the 
ovum,  at  its  entrance  into  the  uterus,  really  lies  upon  its  internal  surface. 

But  again,  the  texture  of  the 
two  layers  is  very  different; 
for,  as  was  first  pointed-out  by 
Prof  Goodsir  (loc.  cit.),  the  de- 
cidua reflexa  is  almost  entirely 
composed  of  cells,  exhibiting 
few  or  none  of  the  orifices  of 
the  glandular  follicles  which 
are  characteristic  of  the  deci- 
dua vera,  except  near  the  part 
where  the  two  layers  are  con- 
tinuous. According  to  the  ob- 
servations of  M.Coste,  however, 
there  is  a  considerable  resemblance  between  the  two  layers  at  an  early 
period ;  and  he  considers  the  following  to  be  the  mode  in  which  the 
second  investment  is  formed.  When  the  ovum  enters  the  uterus,  it 
becomes  partially  imbedded  in  the  substance  of  the  decidua,  which  is 
as  yet  quite  soft  (Fig.  158) ;  and  this,  receiving  an  increased  nutrition  at 

the  part  with  which  the  ovum 
Fig-  159.  comes  into  contact,  grows-up 

around  it,  very  much  after  the 
manner  in  which  the  fleshy 
granulations  grow-up  around 
the  pea  imbedded  in  a  caustic 
issue.  This  extension  of  the 
decidual  substance  continues 
(Fig.  159),  until  it  has  com- 
pletely enveloped  the  ovum; 
and  it  is  thus,  according  to 
him,  that  the  decidua  reflexa 
is  formed,  in  continuity  with 
the  decidua  vera.*  As  the 
ovum  increases  in  size,  the  cavity  between  the  decidua  vera  and  the 
decidua  reflexa  gradually  diminishes ;  and  by  the  end  of  the  3rd  month 
the  two  layers  come  into  contact,  and  are  henceforth  scai'cely  or  not  at 
all  distinguishable. 

979.  The  surface  of  the  Ovum,  thus  surrounded  by  the  double  layer  of 
the  deciduous  membrane,  is  rendered  shaggy  by  the  gi'owth  of  villous 
tufts  from  the  surface  of  its  investing  chorion  (Plate  I.  Fig.  10,/,/).  Each 
of  these  tufts,  as  was  first  pointed-out  by  Prof  Goodsh,t  is  composed  of  an 

•  This  doctrine  was  first  announced  by  M.  Coste,  in  a  communication  to  the  Parisian 
Academy  of  Sciences,  on  the  basis  of  observations  on  two  Uteri  at  the  ■20th  and  25th  '1''^*.*! 
gestation.  (See  "  Comptes  Rendus,"  Mai  24,  1847.)  It  seems  to  be  altogether  that  wlncn 
is  most  in  harmony  with  observed  facts  ;  and  especially  with  those  which  have  been  ""'"^^ 
by  Professors  Weber  and  Sharpey.— See,  also,  the  Memoir  of  M.  Robin,  on  the  Mucous 
Membrane  of  the  Uterus,  in  the  "  Archiv.  Gen.  de  M6d.,"  4e  Ser.,  torn.  xvii.  xviii. 

f  "  Anatomical  and  Pathological  Observations,"  chap.  ix. 


More  advanced  stage  of  the  same. 
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iissemblage  of  nucleated  cells,  which  are  found  in  various  stages  of  deve- 
lopiueut ;  and  these  are  always  enclosed  within  a  layer  of  basement-mem- 
brane, which  seems  to  be  itself  composed  of  flattened  cells  united  by 
their  edges.  At  the  free  extremity  of  each  villus  is  a  bulbous  expansion, 
the  cells  composing  which  are  arranged  round  a  central  spot ;  and  it  is  at 
this  point  that  the  most  active  processes  of  growth  take  place,  the  villus 
elongating  by  the  development  of  new  cells  from  its  germinal  spot,  and 
(like  the  spongiole  of  the  plant)  drawing-in  nutriment  from  the  soil  in 
which  it  is  imbedded.  —  In  its  earliest  grade  of  development,  the  chorion 
and  its  villi  contain  no  vessels ;  and  the  fluid  drawn-in  by  the  tufts  is 
commimicated  to  the  embryo,  by  the  absorbing  powers  of  the  germinal 
membrane  of  the  latter.  But  when  the  tufts  are  penetrated  by  blood- 
vessels, and  their  communication  with  the  embryo  becomes  more  direct, 
the  means  by  which  they  communicate  with  the  parent  are  found  to  be 
still  essentially  the  same ;  namely,  a  double  layer  of  nucleated  cells,  one 
layer  belonging  to  the  foetal  tuft,  and  the  other  to  the  vascular  maternal 
surface.  It  is  from  these  elements  that  the  Placenta  is  formed,  in  the 
manner  next  to  be  described. 

980.  The  first  stage  in  this  process  consists  in  the  extension  of  the 
foetal  vessels  into  the  villi  of  the  Chorion  over  its  entire  surface,  in  the 
mariner  hereafter  to  be  detailed  (§  1001)  j  so  that  the  nutriment  which 
these  viUi  imbibe,  instead  of  being  merely  added  to  the  albuminous  fliiid 
smTounding  the  yolk-bag,  is  now  conveyed  directly  to  the  embryo.  This 
 the  earliest  and  simplest  mode  by  which  the  Foetus  effects  a  new  con- 
nection with  the  parent  —  is  the  only  one  in  which  it  ever  takes  place  in 
the  lower  Mammalia,  which  are  hence  properly  designated  as  '  non- 
placental,'  rather  than  as  ovo-viviparous.  In  the  higher  Mammalia, 
liowever,  there  soon  occurs  a  great  extension.of  the  vascular-  tufts  of  the 
foetal  chorion,  at  certain  points ;  and  a  corresponding  adaptation,  on  the 
part  of  the  uterine  structure,  to  afford  them  an  increased  supply  of  nutri- 
tious fluid.  These  specially-j)rolonged  portions  are  scattered,  in  the 
Ruminantia  and  some  other  Mammalia,  over  the  whole  surface  of  the 
chorion,  forming  what  are  termed  the  '  cotyledons but  in  the  higher 
orders,  and  in  Man,  they  are  concentrated  in  one  spot,  forming  the 
Placenta.   In  some  of  the  lower 

tribes,  the  maternal  and  the  Fig.  1 60. 

foetal  portions  of  the  placenta 
may  be  very  easily  separated ; 
the  foiTner  consisting  of  the 
thickened  decidua  j  and  the 
latter  being  composed  of  the 
jn-olonged  and  ramifying  vas- 
cular tufts  of  the  chorion, 
<lipping-down  into  it.  But  in 
the  Human  placenta,  the  two 
lements  are  mingled  together 
through  its  whole  substance. — 
On  looking  at  the  foetal  sur- 
i'ace  of  the  Human  placenta,  wo  perceive  that  the  umbilical  vessels  diverge 
in  every  direction  from  the  point  at  which  they  enter  it;  and  their  sub- 
divisions form  a  largo  mass  of  capillaries,  arranged  in  a  peculiar  manner. 


Portion  of  the  ultimate  r.amifications  of  the  Umbilical 
vessels,  forming  the  Fwtal  Villi  of  the  Placenta. 
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(Fig.  160),  and  constituting  what  are  known  as  foetal  villi.  Each  villus 
contains  one  or  more  capillary  loops,  communicating  with  an  artery  on 

one  side  and  with  a  vein  on  the  other;  hut 
^^'^^  161.  the  same  capillary  may  pass  into  several 

villi,  before  re-entering  a  larger  vessel. 
The  capillaries  of  the  villi  are  covered,  as 
in  the  chorion,  by  a  layer  of  cells  (Fig. 
161,  /),  inclosed  in  basement-membrane 
{e) ;  but  the  fcetal  tuft  thus  formed  is  in- 
closed in  a  second  series  of  envelopes  (a,  h,  c), 
derived  from  the  maternal  portion  of  the 
placenta  (Fig.  162),— a  space  (d)  being  left. 
Extremity  of  a.  Placental  Villus  :—a,ex-  howevcr,  bctwecn  the  two,  at  tlic  extremity 

ternal  membrane  of  the  villus,  continuous  _i?  j.!  j.  ^j. 
with  the  lining  membrane  of  the  vascular         ''"'^  lUib. 

system  of  the  mother;  6  external  cells  of  981.  Whilst  the  foetal  portiou  of  the 
the  villus,  belongmg  to  the  placental  de-  .      •     .i         i    •  ,    i   i  , 

cidua;  e,  f,  germinal  centres  of  the  exter-  l  iacenta  IS  thUS    DCmg  generated  by  the 

'^:i^iJ;J^:Z:ofZ^:^  extension  of  the  vascular_  tufts  of  the  cho- 

mtenial  membrane  of  the  villus,  continu-  riou,  the  matcriial  portion  is  formed  bv 
ous  with  the  external  membrane  of  the    xi  i  j.       it,  i      p  xi      j  • 

chorion ;  /,  the  internal  cells  of  the  villus,  ^^^c*  enlargement  ot  the  vessels  ol  the  deci- 
beionging  to  the  chorion ;  g,  the  loop  of  dua,  betwccn  which  they  dip-down.  "  These 

umbilical  vessels.  '  /  . 

vessels  assume  the  character  of  smuses; 


Fig.  162. 


and  at  last  swell  out  (so  to  speak)  around 
and  between  the  villi ;  so  that  finally  the 
villi  are  completely  bound  up  or  covered 
by  the  membrane  which  constitutes  the 
walls  of  the  vessels,  this  membrane  follow- 
ing the  contour  of  all  the  villi,  and  even 
passing  to  a  certain  extent  over  the  branches 
and  stems  of  the  tufts.  Between  this  mem- 
brane, or  wall  of  the  enlarged  decidual  ves- 
sels, and  the  internal  membrane  of  the 
villi,  there  still  remains  a  layer  of  the  cells 

Portion  of  the  external  membrane,  with  ^f  the  dccidua."  *  _  In  this  manner  is  formed 
the  external  cells,  of  a  Placental  Villus:  the  maternal  pOrtion  of  the  plaCCUta,  whlch 
' — a,  cells  seen  through  the  membrane ;  i  i  j    •      -x      j   ix    j.  i„  /„„  -mncj 

6,  cells  seen  from  within  the  villus ;  e,  cells  may  be  regarded  m  its  adult  state  (as  was 
villus    ^^''^'^  "^""^^      ^^^^  °^       ^^^^  pointed  out  by  Dr.  J.  Reid  t)  in  the 

light  of  a  large  sac  formed  by  a  prolouga- 
tion  of  the  inner  coat  of  the  uterine  vessels ;  against  the  foetal  sm-face  of 
which  sac,  the  tufts  just  described  may  be  said  to  push  themselves,  so 
as  to  dip-down  into  it,  carrying  before  them  a  portion  of  its  thin  wall, 
which  constitutes  a  sheath  to  each  tuft.  Now  as  every  extension  of  the 
uterine  vessels  carries  the  decidua  before  it,  every  one  of  the  vasoidai' 
tufts  that  dips  down  into  it  will  be  covered  with  a  layer  of  the  cellulai" 
structure  of  the  latter;  and  the  foetal  portion  of  each  tuft  will  thus  be 
inclosed  in  a  layer  of  maternal  cells  and  basement-membrane  (Fig.  161, 
a,b,G;  and  Fig.  162,  a,  b,  e).  In  this  manner,  the  whole  interior  of  the 
placental  cavity  is  intersected  by  numerous  tufts  of  foetal  vessels,  disposed 
in  fr-inges,  and  bound  down  by  reflections  of  the  delicate  membrane  that 

*  Prof.  Goodsir's  "  Anatomical  and  Pathological  Observations,"  p.  60.  i  i  r 

t  "Edinb:  Med.  and  Surg.  Journ.,"  Jan.  184 J;  and  "  Anat.,  Phys.,  and  Pathol,  re- 
searches,' chap.  VIII. 
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forms  its  proper  wall ;  just  as  the  intestines  are  held  in  their  places  by  the 
reflexions  of  the  peritoneum  that  covers  them.  This  view  was  suggested 
to  Dr.  K.  by  the  very  interesting  fact,  that  the  tufts  of  foetal  vessels  not 
uiifrequently  extend  beyond 
the  uterine  surface  of  the  pla- 
centa, and  dip-down  into  the 
uterine  sinuses  (Fig.  164)  ; 
where  they  are  still  covered, 
and  held  in  their  places,  by 
reflections  of  the  same  mem- 
brane. All  the  bands  which 
connect  and  tie-down  the  tufts 
(Fig.  163,  g),  are  formed  of  the 
same  elements  as  the  envelopes 
of  the  tufts  themselves  ;  name- 
ly, a  fold  of  the  lining  mem- 
brane of  the  decidual  sinuses, 
and  a  layer  of  the  cellular 
decidua. 


Diagram  illustrating  the  arrangement  of  the  Placental 
Decidua  : — a,  decidua  in  contact  with  the  interior  of  the 
uterus;  b,  venous  sinus  passing  obliquely  through  it  by  a 
mi      11      1    •  valvular  opening ;  c,  a  curling  artery  passing  in  the  same 

982.  The  blood  is  conveyed    direction;  rf,  the  lining  membrane  of  the  matemal  vascular 
—  -  system,  passing  in  from  the  artery  and  vein,  lining  the  bag 

of  the  placenta,  and  covering  e,  e,  the  fatal  tufts,  passing 
on  to  them  fi-om  their  stems  from  the  foetal  side  of  the 
cavity,  also  by  the  terminal  decidual  bars  /,/,  from  the 
uterine  side,  and  from  one  tuft  to  the  other  hy  the  lateral 
bar,  h,  h,  separated  foetal  tufts,  showing  the  internal 
membrane  and  cells,  which,  with  the  loops  of  umbilical 
vessels,  constitute  the  true  foetal  portion  of  the  tufts. 


into  the  Placental  cavity  by 
the  'curling  arteries'  of  the 
uterus  (Fig.  164,  e) ;  and  is 
returned  from  it  by  the  large 
veins,  that  are  commonly  de- 
signated as  sinuses  (6,  Fig.  164). 

The  foetal  vessels,  being  bathed  in  this  blood,  as  the  branchiae  of  aquatic 
animals  are  in  the  water  that  surrounds  them,  not  only  enable  the  foetal 
blood  to  exchange  its  venous  character  for  the  arterial,  by  parting  with 
its  carbonic  acid  to  the  maternal  blood,  and  receiving  oxygen  from  it ; 


Fig.  164. 


niagram  of  the  structure  of  the  Placenta;  showing  a,  the  substance  of  the  uterus ;  6,  the 
cavity  of  a  sinus ;  c,  c,  the  foetal  tufts  dipping-down  into  this ;  d,  d,  the  decidual  lining  of  the 
uterus ;  e,  curling  arteries, 

i  but  they  also  serve  as  rootlets,  by  which  certain  nutritious  elements  of 
t  the  maternal  blood  (probably  those  composing  the  liquor  sanguinis)  are 
taken  into  the  system  of  the  foetus.  In  this,  they  closely  correspond 
with  the  villi  of  the  intestinal  canal ;  and  there  is  this  further  very 
striking  analogy, — that  the  nutrient  material  is  selected  and  prepared  by 
two  sets  of  cells,  one  of  which  (the  maternal)  transmits  it  to  the  other 
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(the  foetal),  in  the  same  manner  as  the  epithelial  cells  of  the  intestinal 
villi  seem  to  take  np  and  prepare  the  nutrient  matter,  which  is  destined 
to  be  still  fiu-ther  assimilated  by  the  cells  that  float  in  the  circulating  cur- 
rent (§  4G1).  It  is  probable,  too,  that  the  placenta  is  to  be  regarded  as  an 
excreting  organ;  serving  for  the  removal,  through  the  maternal  blood,  of 
excrementitious  matter  whose  continued  circulation  through  the  blood  of 
the  foetus  would  be  prejudicial  to  the  latter.  And  it  will  be  in  this  mode 
that  the  blood  of  the  mother  may  become  impregnated  with  substances, 
or  impressed  with  attributes,  originally  belonging  to  the  male  parent,  so 
as  to  impart  these  to  the  products  of  subsequent  conceptions  by  a  difierent 
father  (§  975).  There  is  no  more  direct  communication  between  the 
mother  and  foetus,  than  that  which  is  afforded  by  this  immersion  of  the 
foetal  tufts  in  the  maternal  blood  ;  all  the  observations  which  have  been 
supposed  to  prove  the  existence  of  real  vascular  continuity,  having  been 
falsified  by  the  extravasation  of  fluid,  probably  consequent  upon  the  force 
used  in  injecting  the  vessels.  Moreover,  the  different  size  of  the  blood- 
corpusclcij  in  the  foetus  and  in  the  parent  (§  149)  shows  the  non-existence 
of  any  such  communication. 

983.  The  formation  of  the  Placenta,  in  the  manner  just  described,  com- 
mences in  the  latter  part  of  the  second  month ;  during  the  third,  the  organ 
acquires  its  proper  character;  and  it  subsequently  goes  on  increasing  in 
accordance  with  the  growth  of  the  ovum.  Towards  the  end  of  the  term 
of  gestation,  however,  it  becomes  more  dense  and  less  vascular ;  owing,  it 
would  seem,  to  the  obliteration  of  several  of  the  minuter  vessels,  which 
are  converted  into  hard  fibrous  filaments.  The  vessels  of  the  uterus 
undergo  great  enlargement  throughout,  but  especially  at  the  part  to 
which  the  placenta  is  attached ;  and  the  blood  in  moving  through  them 
produces  a  peculiar  murmur,  which  is  usually  distinctly  audible  at  an 
early  period  of  pregnancy,  and  may  be  regarded  (when  due  care  is  taken 
to  avoid  som'ces  of  fallacy),  as  one  of  its  most  unequivocal  positive  signs. 
The  'placental  bruit'  is  thus  described  by  Dr.  Montgomery.*  "The  char 
racters  of  this  jDhenomenou  are,  a  low  murmuring  or  somewhat  cooing 
sound,  resembling  that  made  by  blowing  gently  over  the  lip  of  a  -wide- 
mouthed  phial,  and  accompanied  by  a  slight  rushing  noise,  but  without 
any  sensation  of  impulse.  The  sound  is,  in  its  return,  exactly  synclu-on- 
ous  with  the  pulse  of  the  mother  at  the  time  of  examination ;  and  vai'ies 
in  the  frequency  of  its  repetitions,  with  any  accidental  vai'iation  which 
may  occur  in  the  maternal  circulation.  Its  situation  does  not  vary 
dm-ing  the  course  of  the  same  pregnancy ;  but  in  whatever  region  of  the 
uterus  it  is  first  heard,  it  will  in  ftiture  be  found,  if  recognized  at  all, 
for  it  is  liable  to  intermissions, — at  least,  we  shall  occasionally  be  unable 
to  hear  it  where  we  have  already  heard  it  a  short  time  before,  and  where 
we  shall  shortly  again  recognize  it.  According  to  my  experience,  it  will 
be  most  frequently  heard  about  the  situation  of  the  Fallopian  tube  of  the 
right  side ;  but  it  may  be  detected  in  any  of  the  lateral  or  anterior  parts 
of  the  uterus."  That  the  cause  of  thite  sound  exists  in  the  Uterus  itself, 
is  distinctly  proved  by  the  fact,  that  it  has  been  heard  when  that  organ 
was  so  completely  anteverted,  that  the  fundus  hung  down  between  the 
patient's  thighs.    A  sound  so  much  resembhng  this,  as  to  be  scai'cely 

*  "  Signs  of  Pregnancy,"  p.  121. 
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distiuguishable  from  it,  may  be  occasioned,  however,  by  a  cause  of  a  very 
diflerent  nature, — namely,  an  abdominal  tumour,  pressing  upon  the  aorta, 
iliac  arteries,  or  enlarged  vessels  of  its  own;  and,  in  doubtful  cases,  it  is 
necessary  to  give  full  weight  to  the  possibility  of  such  an  explanation. 
The  sound  may  be  imitated  at  any  time,  by  pressing  the  stethoscope  on 
the  iliac  arteries.  The  placental  bruit  has  been  not  unfrequently  heard 
in  the  11th  week;  but  it  cannot  generally  be  detected  before  the  fourth 
mouth,  when  the  fundus  uteri  rises  above  the  anterior  wall  of  the  pelvis. 

984.  The  amount  of  the  peculiar  tissue  of  the  Uterus  (§  305)  greatly 
increases  during  pregnancy.  At  the  same  time,  the  Mammary  gland  and 
its  appendages  undergo  a  fuUer  development;  and  from  this  a  valuable, 
but  not  unequivocal,  indication  of  pregnancy  may  be  drawn.  Occasional 
shooting  pains  in  the  Mammee  are  not  unfrequently  experienced  within 
a  short  period  after  conception ;  and  more  continued  tenderness  is  also  not 
unusual.  A  sense  of  distension  is  very  commonly  experienced  at  about 
the  end  of  the  second  month;  and  from,  that  time  a  distinct  "  knotti- 
ness"  usually  begins  to  present  itself,  increasing  with  the  advance  of 
pregnancy.  In  many  instances,  however,  these  mammary  sympathies 
are  entirely  absent;  and  they  may  be  simulated  by  changes  that  take 
place  in  consequence  of  various  affections  of  the  uterus.  A  change  of 
colom"  in  the  areola  is  a  very  common,  but  not  an  invariable,  occur- 
rence in  the  early  months  of  pregnancy;  but  another  sign  is  afforded  by 
the  areola  and  nipple,  which  is  of  more  value  because  more  constant, — 
namely,  a  iDuffy  turgescence,  and  an  increased  development  of  the  little 
glandular  follicles,  or  tubercles,  which  commonly  secrete  a  dewy  moisture. 
— Many  other  changes  in  the  constitution  take  place  during  pregnancy; 
indicated  by  the  buffiness  of  the  blood,  the  irritability  of  the  stomach, 
and  the  increased  excitability  of  the  mind.  ^All  these,  however,  are 
discussed  with  sufl&cient  amplification,  in  works  on  Obstetric  Medicine. 

985.  The  act  of  Conception,  being  one  of  a  purely  organic  nature,  is 
not  itself  productive  of  any  sensation  on  the  part  of  the  mother;  but 
there  are  some  women  in  whom  it  is  attended  with  certain  sympathetic 
affections,  such  as  faintness,  vertigo,  &c.,  that  enable  them  to  fix  upon 
the  particular  time  at  which  it  has  taken  place.  From  that  period, 
however,  the  mother  has  no  direct  consciousness  of  the  change  going  on 
in  the  uterus  (save  by  the  efiects  of  its  increasing  pressure  on  other 
parts),  until  the  occurrence  of  what  is  termed  *  quickening.'     This  is 

I  generally  described  as  a  kind  of  fluttering  movement,  attended  with  some 

<  degree  of  syncope  or  vertigo.  After  it  has  once  occurred,  and  has 
»  strongly  excited  attention,  it  is  occasionally  renewed  once  or  twice,  and 
t  then  gives  place  to  the  ordinary  movements  of  the  foetus.    Not  unfre- 

<  quently,  however,  no  movement  whatever  is  felt,  until  near  the  end  of 
i  the  term  of  gestation,  or  even  through  the  whole  of  it.  As  to  the  cause 
t  of  the  sensation.  Obstetricians  are  much  divided;  and  no  satisfactory 
f  account  has  been  given  of  it.  It  has  been  vulgarly  supposed  to  be  due 
1  to  the  first  movement  of  the  foetus,  which  was  imagined  then  to  become 

possessed  of  an  independent  life :  and  the  English  law  recognizes  the 
:  truth  of  this  doctrine,  in  varying  the  punishment  of  an  attempt  to  pro- 
cure Abortion,  according  to  whether  the  woman  be  '  quick  with  child' 
or  not ;  and  in  delaying  execution  when  a  woman  can  be  proved  to  be  so, 
though  it  is  made  to  proceed  if  she  is  not,  even  if  she  be  unquestionably 
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pregnant.  Whether  or  not  the  first  sensible  notions  of  the  foetus  are  the 
cause  of  the  peculiar  feeling  in  question,  there  can  be  no  doubt  that 
the  embryo  has  as  much  independent  vitality  before,  as  after,  the 
quickening.  From  the  time  that  the  ovum  quits  the  ovary,  it  ceases  to 
be  a  part  of  the  parent,  and  is  dependent  on  it  only  for  a  due  supply  of 
nourishment,  which  it  converts,  by  its  own  inherent  powers,  into  its 
proper  fabric.  This  dependence  cannot  be  said  to  cease  at  the  moment 
of  quickening;  for  the  connection  must  be  prolonged  during  several 
weeks,  before  the  foetus  becomes  capable  of  sustaining  life  without  such 
assistance.  The  earliest  period  at  which  this  may  occur,  will  be  pre- 
sently considered  (§  990), 

986.  At  the  conclusion  of  about  nine  (solar)  months  from  the  period 
of  conception,  the  time  of  Parturition  arrives.  In  this  act,  the  musculai- 
walls  of  the  uterus  are  primaiily  concerned ;  for  a  kind  of  peristaltic 
contraction  takes  place  in  them,  the  tendency  of  which  is  to  press  the 
contents  of  the  cavity  from  the  fundus  towards  the  os  uteri,  and  finally 
to  expel  them;  and  this  contraction  is  alone  sufficient  to  empty  the 
uterus,  when  no  impediment  is  presented  to  the  exit  of  the  foetus,  as  we 
see  in  the  occasional  occmTcnce  of  post-mortem  parturition.  It  is,  in 
fact,  in  the  contraction  of  the  fibres  of  the  fundus  and  body  of  the  uterus, 
and  in  a  I'elaxation  of  those  about  the  cervix  (which  relaxation  is  some- 
thing quite  different  from  a  mere  yielding  to  pressure,  and  is  obviously 
a  vital  phenomenon  that  marks  a  peculiarity  in  the  actions  of  this  part), 
that  the  first  stage  of  an  ordinary  labour  essentially  consists.  There  is 
no  proof  whatever  that  these  changes  are  dependent  upon  nervous  in- 
fluence ;  in  fact,  there  is  much  evidence  that  the  parturient  action  of  the 
uterus  is  not  the  i-esult  (as  some  have  maintained  it  to  be)  of  a  '  reflex' 
action  of  the  Spinal  Cord,  but  is  due  to  its  inherent  contractility;  for 
numerous  instances  have  occurred,  in  which  normal  pai'turition  has  taken 
place,  notwithstanding  the  destruction  of  the  lower  pai't  of  the  Cord,  or 
the  existence  of  a  state  of  complete  paraplegia  which  marked  its  func- 
tional inactivity;  and  the  continuance  of  the  peristaltic  action  for  some 
time  after  somatic  death,  when  neither  the  Cerebro-spinal  nor  the  Sym- 
pathetic system  can  afibrd  any  supply  of  nervous  power,  is  yet  a  more 
satisfactory  proof  of  the  same  position.  Nevertheless,  it  seems  quite  certain 
that  muscular  contractions  of  the  uterus  may  he  induced  by  reflex  action; 
for  in  no  other  way  can  we  account  for  numerous  phenomena,  which 
distinctly  mark  the  operation  of  remote  causes  acting  through  the 
nervous  system,  such  as  the  induction  of  uterine  contractions  by  the 
dash  of  cold  water  on  the  abdominal  surface,  by  the  injection  of  cold 
water  into  the  vagina,  by  the  ingestion  of  cold  water  into  the  stomach, 
or  even  by  dipping  the  hands  into  cold  water,  or  again  by  the  suctorial 
application  of  the  infant's  lips  to  the  nipple,  by  the  introduction  of  the 
hand  into  the  vagina,  by  violent  movements  of  other  parts  of  the  body, 
and  by  various  other  means.  This  general  fact  has  an  important  practical 
bearing ;  since  there  are  various  occasions  on  which  it  is  most  imijortant  to 
life,  that  the  previously  flaccid  uterus  should  be  excited  to  vigorous  con- 
traction, for  the  sake  of  accelerating  partmition  or  of  suppresing  ha)mor- 
rhage ;  whilst,  on  the  other  hand,  it  is  often  no  less  important  to  be  able 
to  prevent  or  to  antagonize  the  operation  of  causes  whicli  would  prcma- 
tiu-ely  induce  uterine  contractions,  to  the  destruction  of  the  ofi'spring  aucl 
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the  danger  of  the  mother. — When,  in  the  normal  act  of  Parturition,  the 
head  has  so  far  made  its  way  through  the  os  uteri  as  to  begin  to  distend 
the  lower  part  of  the  genital  canal,  a  new  kind  of  expulsive  effort  is 
superadded  to  that  of  the  uterus  itself;  the  assistance  of  the  Expiratory- 
muscles  being  then  called-in  (§  723),  through  the  intermediation  of  the 
Spinal  Cord,  which  is  probably  excited  to  this  action  by  the  stimulus  thus 
applied  to  the  afferent  nerves  of  the  compressed  parts;  and  it  is  chiefly 
by  the  instrumentality  of  these  muscles,  that  the  normal  act  of  partu- 
rition is  usually  completed.  The  same  action  which  expels  the  foetus, 
also  detaches  the  placenta;  and  if  the  uterus  contract  with  sufficient 
force  after  this  has  been  thrown  off,  the  orifices  of  the  vessels  which  com- 
municated with  it  are  so  effectually  closed,  that  little  or  no  haemorrhage 
takes  place.  If,  however,  the  uterus  does  not  contract,  or  relaxes  after 
ha"\ang  contracted,  a  large  amount  of  blood  may  be  lost  in  a  short  time 
from  the  open  orifices.  For  some  little  time  after  parturition,  a  sero- 
sangiuneous  discharge,  termed  the  locliia,  is  poured  out  from  the  uterus ; 
and  this  commonly  contains  shreds  of  the  deciduous  membrane,  which 
had  not  been  previously  detached,  together  with  a  quantity  of  fat- 
globules,  and  of  other  products  of  disintegration  of  the  uterine  tissue 
(§  593).*  Within  a  few  weeks  after  delivery,  the  uterus  regains  (at 
least  in  a  healthy  subject)  its  previous  condition;  and  it  is  probable  that 
the  portion  of  its  mucous  membrane  which  had  been  thrown  off  as 
Decidua,  is  very  early  reproduced. 

987.  As  to  the  reason  why  the  period  of  Parturition  should  be  just 
nine  months  after  the  occurrence  of  Conception,  we  know  nothing  more 
than  we  do  of  that  of  similar  periodical  phenomena  in  the  history  of  the 
life  of  Man  and  of  other  living  beings ;  all  of  which  must  be  considered 
as  occasional  manifestations  of  changes  that  are  constantly  in  progress, 
whose  rate,  being  dependent  upon  the  degree  of  Heat  supplied,  is  so  uni- 
form in  warm-blooded  animals,  as  to  secure  a  very  close  conformity  to  a 
common  standard,  t  There  is  evidence  that  the  occurrence  of  the  uterine 
nisiLs  may  be  induced  by  a  variety  of  causes,  several  of  which  probably 
concur  in  the  normal  act  of  Parturition.  For,  in  the  first  place,  the  state 
of  development  of  the  muscular  substance  of  the  uterus  can  scarcely  be 
without  a  considerable  influence  on  this  operation.  We  see  it  undergoing 
a  gradual  augmentation  during  the  period  of  pregnancy,  without  any 
demand  being  made  upon  its  functional  activity ;  it  gradually  becomes 
more  and  more  irritable,  contractions  being  far  more  readily  excited  in  it 
by  electi'ical  or  other  stimulation,  in  the  later,  than  in  the  earlier  months 

*  In  addition  to  the  evidence  already  cited,  of  the  rapid  occurrence  of  fatty  degeneration 
of  the  uterine  structure  after  parturition,  the  Author  may  mention  that  he  has  been  informed 
by  Dr.  Retzius  (Professor  of  Midwifery  at  Stockholm)  that  he  has  detected  a  large  number 
of  fat-globules  in  the  urine  of  puerperal  women.  Is  it  not  possible — it  may  be  further  asked 
— that  some  of  the  oleaginous  matter  so  copiously  poured  forth  by  the  mammary  glands,  may 
be  derived  from  this  source  ?  Such  an  economy  of  nutrient  material  would  be  consistent 
with  what  we  elsewhere  meet  with  ;  and  the  idea  is  conformable  to  the  fact,  that  the  pro- 
portion of  butyrine  in  the  milk  is  much  greater  in  the  earlier,  than  in  the  later  months  of 
lactation. 

+  This  may  be  best  illustrated  by  the  analogy  of  a  Leyden  jar  which  is  being  charged 
by  the  continuous  action  of  an  Electrical  Machine,  and  which  is  so  arranged  as  to  r/zscharge 
itself  spontaneously  whenever  the  disturbance  in  its  equilibrium  attains  a  certain  intensity. 
If  the  movement  of  the  machine  be  uniform,  and  other  conditions  remain  the  same,  the 
discharge  will  take  place  at  regular  intervals. 
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of  pregnancy;  and  at  last  this  irritability  seems  to  reach  its  acme,  m 
virtue  of  the  nutritive  changes  which  have  been  progi-essively  takin^ 
place  in  it,  and  to  discharge  itself  in  one  powerful  effort. — That  the  pait 
turient  effort,  however,  is  not  solely  dependent  upon  the  state  of  develop- 
ment of  the  Uterus,  appears  from  several  considerations :  and,  in  the  first 
place,  from  the  very  curious  fact  that,  in  cases  of  Extra-uterine  pregnancy, 
contractions  resembling  those  of  labour  take  place  in  its  walls.  More- 
over, various  states  of  the  constitution,  especially  that  which  is  designated 
as  irritability,  may  induce  the  occurrence  of  the  parturient  efforts  at  an 
earlier  period;  and  this  constitutes  Abortion,  or  Prematiue  DeHvery, 
according  to  the  viahility  of  the  child.    There  are  some  women,  in  whom 
this  regularly  happens  at  a  certain  month,  so  that  it  seems  to  be  an  action 
natural  to  them ;  but  it  is  always  to  be  prevented,  if  possible,  being  inju- 
rious alike  to  the  mother  and  the  child ;  and  this  prevention  is  to  be 
attempted  by  rest  and  tranquillity  of  mind  and  body,  and  by  a  careftd 
avoidance  of  all  the  exciting  causes  which  may  produce  uterine  contractions 
by  their  operation  on  the  Nervous  system.  Among  the  causes  of  Abortion, 
however,  the  death  of  the  foetus,  or  an  abnormal  state  of  the  placental 
structiu-e,  is  one  of  the  most  common ;  and  thus  we  have  a  very  distinct 
proof  of  the  influence  which  the  state  of  the  contents  of  the  uterus  has  on 
the  induction  of  the  parturient  effort.    In  fact,  what  may  be  termed  the 
matitration  of  the  uterus  and  its  contents, — a  condition  analogous  to  that 
which  precedes  the  dropping  of  rijDe  fruit,  and  which  is  acquired  by  the 
completion  of  the  developmental  process, — appears  to  have  more  influence 
in  determining  the  normal  parturient  effort,  than  any  other  cause  which 
can  be  assigned.    Certain  prej)aratory  changes  are  known  to  be  taking 
place  in  the  uteiiis  itself  during  the  last  two  or  three  weeks  of  gestation ; 
for  its  xipper  part  contracts  itself  more  closely  around  its  contents,  as  if  it 
were  bracing  itself  up  for  the  coming  encounter;  whilst  there  is  a  greater 
disposition  to  relaxation  of  its  lower  part,  as  also  in  the  soft  parts  sur- 
rounding the  orifice  of  the  pelvis,  so  that  the  whole  mass  descends.    It  is 
well  known  that  there  is  far  less  aptitude  for  dilatation  in  the  os  uteri 
before  this  change  takes  place ;  so  that  premature  labom's  are  frequently 
reude}'ed  very  difficidt  and  tedious  by  the  resistance  which  the  foetus 
encounters  from  the  soft  parts,  notwithstanding  that  its  smaller  size 
enables  it  to  pass  more  readily  through  the  pelvic  canal.    The  placenta 
of  the  fully-developed  foetus,  again,  is  somewhat  in  the  condition  of  the 
footstalk  of  a  ripening  fruit;  that  is,  having  attained  its  fidl  evolution  as 
an  organ  of  temporary  function,  its  connection  tends  to  become  dissevered 
in  virtue  of  the  further  changes  which  take  place  in  itself,  quite  irrespec- 
tively of  any  external  agency.'^    This  is  very  strikingly  evinced  by  the 
fact,  that  when  the  uterus  contains  two  foetuses,  and  one  of  them  is 
expelled, — either  in  consequence  of  impeded  development  or  of  disease  m 
itself,  or  because  it  has  attained  its  own  full  term  of  development  (as  m 
cases  of  superfoetation,  §  990),— the  other,  if  its  development  at  this 
period  is  far  from  complete,  is  often  retained,  and  goes  on  to  its  full  term, 
its  placenta  not  being  detached  in  the  first  parturient  effort,  because  it  was 

•  Such  a  change  may  be  easily  verified  in  the  placenta  of  many  of  the  lower  •i"'™"^'' ^^".11 
as  the  cat,  in  which  the  foetal  and  maternal  portions  remain  more  distmct  than  y'^-^'  -^j 
the  human  female  ;  for  these  become  far  more  easily  separable  from  each  other,  as  ttie  p 
of  parturition  draws  near,  than  they  arc  at  any  previous  time. 
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I  not  then  prepared  for  the  separation.  It  is  obvious  that  this  view  affords 
:  a  rational  explanation  of  the  occurrence  of  uterine  action  in  cases  of  extra- 
uterine foetation ;  for,  if  the  condition  of  the  placental  attachment  furnish 
its  exciting  cause,  it  will  do  so  equally,  whether  the  placenta  be  attached 
to  the  lining  of  the  uterus,  or  to  that  of  the  Fallopian  tube,  or  to  any- 
other  organ.  It  is  an  additional  indication  that  the  immediate  stimulus 
to  the  partiu'ient  effort  of  the  uterus  is  given  by  some  change  in  the  con- 
dition of  its  foetal  connexions,  that  the  term  of  gestation  seems  capable  of 
being  prolonged  by  peculiarities  in  the  constitution  or  rate  of  develop- 
ment of  the  foetus,  which  are  derived  from  the  male  parent;  for  it  was 
ascertained  by  the  late  Earl  Spencer,*  that  of  75  cows  in  calf  by  a  parti- 
cular bull,  the  average  period  was  288|  days,  instead  of  280;  none  of 
these  having  gone  less  than  281  days,  and  two-fifths  of  them  having 
exceeded  289  days.t 

988.  Although  the  duration  of  Pregnancy  is  commonly  stated  at  nine 
solar  months,  it  would  be  more  correct  to  fix  the  period  at  40  weeks,  or  280 
days ;  which  exceeds  nine  calendar  months  by  from  5  to  7  days,  according 
to  the  months  included. :{:  This,  at  least,  is  the  average  result  of  observa- 
tion, in  cases  in  which  the  period  of  Conception  could  be  fixed,  from 
peculiar  circumstances,  with  something  like  certainty;  but  there  can  be 
no  doubt  that  variations  of  a  few  days,  more  or  less,  are  of  continual 
occuiTence.  The  period  of  Quickening  may  be  relied  on  in  some  women, 
in  whom  it  occm's  with  gTcat  regularity  in  a  certain  week  of  Pregnancy ; 
but  in  general  there  is  great  latitude  as  to  the  time  of  its  occurrence. 
The  usual  or  average  time  is  probably  about  the  18th  week. 

989.  The  question  of  the  extreme  limit  of  Gestation,  is  one  of  great 
importance  both  to  the  Practitioner  and  to  the  Medical  Jurist;  but  it  is 
one  which  cannot  yet  be  regarded  as  satisfsTctorily  decided.    Many  per- 

*  See  Dr.  J.  C.  Hall  in  «  Medical  Gazette,"  May  6,  1842. 

+  The  very  ingenious  doctrine  has  heen  propounded  by  Dr.  Tyler  Smith  ("  Parturition, 
and  the  Principles  and  Practice  of  Obstetrics,"  London,  1849),  that  the  exciting  cause  of 
parturition  is  to  be  found  in  the  recurrence  of  the  periodical  excitement  of  the  ovary,  acting 
by  reflexion  on  the  uterus  through  the  spinal  system  of  nerves,  the  ovarian  nerves  being  the 
excHoTs  and  the  uterine  the  motors ;  this  excitement  continuing  during  the  entire  period  of 
gestation,  and  giving  a  special  tendency  to  abortion  at  each  return ;  and  acting  with  such 
potency  at  the  eleventh  recurrence  as  then  to  induce  the  parturient  effort.  He  assigns  no 
other  cause,  however,  why  this  eleventh  recurrence  should  be  so  much  more  effectual  than 
the  rest,  than  that  by  this  time  there  is  a  much  greater  aptitude  to  contraction  in  the  uterus 
itself,  and  an  increased  readiness  to  be  thrown-off  on  the  part  of  the  placenta, — conditions 
which  seem  to  the  Author  to  be  in  themselves  adequate  to  account  for  the  result.  Dr.  Tyler 
Smith's  hypothesis  is  distinctly  negatived  by  the  following  facts ; — 1.  The  period  of  gestation, 
although  commonly  a  multiple  of  the  menstrual  interval,  is  by  no  means  constantly  so  ;  the 
former  remaining  normal  when  the  latter  is  shorter  or  longer  than  usual.  2.  Parturient 
efforts  take  place  in  the  uterus,  notwithstanding  the  previous  removal  of  the  lower  part  of  the 
spinal  cord.  3.  The  removal  of  the  ovaries  in  the  later  part  of  gestation  does  not  interpose 
the  least  check  to  the  parturient  action,  as  Prof.  Simpson  of  Edinburgh  has  experimentally 
ascertained.  The  Author  considers  himself  fully  justified,  therefore,  in  asserting  that  this 
hypothesis  does  not  possess  the  slightest  claim  even  to  be  entertained  as  a  possible  one  ;  and 
would  refer,  for  a  more  detailed  examination  of  it,  to  the  "  Brit,  and  For.  Med.-Chir.  Review," 
vol.  iv.  p.  ] . 

+  The  mode  of  reckoning  customary  among  women,  is  to  date  from  the  middle  of  the 
month  after  the  last  appearance  of  the  Catamcnia ;  but  it  is  certain  that  Conception  is  much 
more  likely  to  take  place  soon  after  they  have  ceased  to  flow,  or  even  just  before  their  access, 
than  in  the  intervening  period  (§  9(j6)  ;  so  that,  in  most  instances,  it  would  be  most  cor- 
rect to  expect  labour  at  forty  weeks  and  a  few  days  after  the  last  recurrence  of  the  Menses. 
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sons,  whose  experience  should  give  much  weight  to  their  opinion,  main- 
tain that  the  regular  period  of  40  weeks  is  never  extended  for  more  than 
two  or  three  days ;  whilst,  on  the  other  hand,  there  are  numerous  cases 
on  record,  which,  if  testimony  is  to  be  believed  at  all  (and  in  many  of 
these,  the  character  and  circumstances  of  the  parties  place  them  above 
suspicion),  furnish  ample  evidence,  that  Gestation  may  be  prolonged  for 
at  least  three  weeks  beyond  the  regular  term.*  The  English  law  fixes 
no  precise  limit;  and  the  decisions  which  have  been  given  in  om*  comis, 
when  questions  of  this  kind  have  been  raised,  have  been  mostly  formed 
upon  the  collateral  circumstances.  The  law  of  France  provides  that  the 
legitimacy  of  a  child  born  Avithin  300  days  after  the  death  or  departure 
of  the  husband  shall  not  be  questioned ;  and  a  child  born  after  more  than 
300  days  is  not  declared  a  bastard,  but  its  legitimacy  may  be  contested. 
By  the  Scotch  law,  a  child  is  not  declared  a  bastard,  unless  born  after  the 
tenth  month  from  the  death  or  depoi-tm-e  of  the  husband. — Very  im- 
portant evidence  on  this  subject  is  afforded  by  observations  on  the  lower 
animals,  which  are  free  from  those  som'ces  of  fallacy  which  attend  human 
testimony.  The  observations  of  Tessier,  which  were  continued  during 
a  period  of  forty  years,  with  eveiy  precaution  against  inaccm-acy,  have 
furnished  a  body  of  results  which  seems  quite  decisive.  In  the  Cow, 
the  ordinary  period  of  gestation  is  about  the  same  as  in  the  Human 
female;  but  out  of  577  individuals,  no  less  than  20  calved  beyond  the 
298th  day,  and  of  these,  some  went  on  to  the  321st,  making  an  excess  of 
nearly  six  weeks.  Of  447  Mares,  whose  natural  period  of  gestation  is 
about  335  days,  42  foaled  between  the  359th  and  the  419th  days,  the 
greatest  protraction  being  thus  84  days,  or  just  one-fourth  of  the  usual 
term.  Of  912  Sheep,  whose  natural  period  is  about  151  days,  96  yeaned 
beyond  the  153rd  day;  and  of  these,  7  went  on  until  the  157th  day, 
making  an  excess  of  6  days.  Of  161  Rabbits,  whose  natural  period  is 
about  30  days,  no  fewer  than  25  littered  between  the  32nd  and  35th; 
the  greatest  protraction  was  here  one-sixth  of  the  whole  period,  and  the 
proportion  in  which  there  was  a  manifest  prolongation  was  also  nearly 
one-sixth  of  the  total  number  of  individuals.  In  the  incubation  of  the 
common  Hen,  Tessier  found  that  there  was  not  unfrequently  a  prolouga- 
tion  to  the  amount  of  three  days,  or  one-seventh  of  the  whole  period. — 
In  regard  to  Cows,  the  observations  of  Tessier  have  been  confirmed  by 
those  of  Eaid  Spencer,  who  has  pubhshed  t  a  table  of  the  period  of 
gestation  as  observed  in  764  individuals;  he  considers  the  average  period 
to  be  284  or  285  days;  but  no  fewer  than  310  calved  after  the  285th 
day;  and  of  these,  3  went  on  to  the  306th  day,  and  1  to  the  313th.  It  is 
cmious  that,  among  the  calves  born  between  the  290th  and  300th  days, 
there  was  a  decided  preponderance  of  males, — these  being  74  to  32 
females;  whilst  all  of  those  born  after  the  300th  day  were  females.  The 
additional  series  of  observations  subsequently  made  by  Earl  Spencer,  in 
regard  to  the  constant  protraction  of  the  period  in  75  cows  in  calf  by  a 
particiilar  buU,  has  been  already  noticed  (§  987).— Another  series  of  obser- 
vations has  been  published  by  Mr.  C.  N.  Bement  of  Albany,  U.S.,J  who  has 

*  A  good  collection  of  such  cases  will  be  found  in  Dr.  Montgomery's  excellent  work  on 
the  "  Signs  of  Pregnancy,"  and  in  Dr.  A.  Taylor's  "Medical  Jurisprudence." 
+  "Journal  of  the  English  Agricultural  Society,"  1839. 
t  "  American  Journal  of  the  Medical  Sciences,"  October,  1 845. 
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recorded  the  period  of  gestation  of  62  Cows.  The  longest  period  was  336 
days;  the  shortest,  213  days.  The  average  period  for  male  calves  was 
288  days;  and  for  females,  282  days. — On  the  whole,  it  may  be  con- 
sidered, that  in  regard  to  the  Human  female,  the  French  law  is  a  very  rea- 
sonable one;  and  there  is  quite  sufficient  analogical  evidence  to  support 
the  assertions  of  females  of  good  character,  having  no  motive  to  deceive, 
which  lead  to  the  conclusion  that  a  protraction  of  at  least  four  weeks  is 
quite  possible,  and  that  a  protraction  to  the  extent  of  six  weeks  is 
scai'cely  to  be  denied.* 

990.  In  regard  to  the  shortest  period  at  which  Gestation  may  termi- 
nate, consistently  with  the  viability  of  the  Child,  there  is  a  still  greater 
degree  of  uncertainty.  Most  practitioners  are  of  opinion,  that  it  is  next 
to  impossible  for  a  foetus  to  live  and  grow  to  maturity,  which  has  not 
nearly  completed  its  seventh  month;  but  it  is  unquestionable  that 
infants  bom  at  a  much  earlier  period,  have  lived  for  some  months,  or 
even  to  adult  age.  Tt  is  rare  in  such  cases,  however,  that  the  date  of  con- 
ception can  be  fixed  with  sufficient  precision  to  enable  a  definite  state- 
ment to  be  given.  Of  the  importance  of  the  question,  a  case  which  some 
time  since  occmTed  in  Scotland  affords  sufficient  proof  A  vast  amount 
of  contradictory  evidence  was  adduced  on  this  trial;  but,  on  the  general 
rule  of  accepting  positive  in  preference  to  negative  testimony,  it  seems 
that  we  ought  to  consider  it  possible  that  a  child  may  live  for  some 
months,  which  has  been  born  at  the  conclusion  of  24  weeks  of  ges- 
tation. In  the  case  in  question,  the  Presbytery  decided  in  favour  of 
the  legitimacy  of  an  infant  bom  alive  within  25  weeks  after  marriage. t 
A  very  interesting  case  is  on  record,:};  in  which  the  mother  (who  had 
borne  five  children)  was  confident  that  her  j)eriod  of  gestation  was  less 
than  19  weeks;  the  facts  stated  respecting  the  development  of  the 
child  are  necessarily  very  imperfect,  as  it  was  important  to  avoid  ex- 
posing his  body,  in  order  that  his  temperature  might  be  kept  up;  but 
at  the  age  of  three  weeks,  he  was  only  13  inches  in  leng-th,  and  his 
weight  was  no  more  than  29  oz.  At  that  time,  he  might  be  regarded, 
according  to  the  calculation  of  the  mother,  as  corresponding  with  an  infant 
of  22  weeks  or  5|  months;  but  the  length  and  weight  were  greater  than 
is  usual  at  that  period,  and  he  must  have  been  probably  bom  at  about 
the  25th  week.  It  is  an  interesting  feature  in  this  case,  that  the  calorific 
power  of  the  infant  was  so  low,  that  artificial  heat  was  constantly  needed 
to  sustain  it ;  but  that,  under  the  influence  of  heat  of  the  fire,  he  evidently 
became  weaker,  whilst  the  warmth  of  a  person  in  bed  rendered  him  lively 
and  comparatively  strong.  During  the  first  week,  it  was  extremely  diffi- 
cult to  get  him  to  swallow ;  and  it  was  nearly  a  month  before  lie  could 
suck.  At  the  time  of  the  report,  he  was  four  months  old,  and  his  healtli 
appeared  very  good. — Another  case  of  very  early  viability  has  been  more 
recently  put  on  record  by  Mr.  Dodd  :§  in  this,  as  in  the  former  instance, 
the  determination  of  the  child's  age  rests  chiefly  on  the  opinion  of  the 

*  See  especially  two  cases,  183  and  184,  detailed  by  Dr.  Murphy  in  his  "  Report  of  the 
Obstetric  Practice  of  University  College  Hospital"  for  1844  ;  and  another  case  since  pub- 
lished by  him  in  the  "Medical  Gazette"  for  1849,  vol.  xlviii,  p.  683. 

+  "Report  of  Proceedings  against  the  Rev.  Fergus  Jardine,"  Edinburgh,  1839. 

X  "  Edinb,  Med.  and  Surg.  Journal,"  vol.  xi. 

$  "  Provincial  Medical  and  Surgical  Journal,"  vol.  ii.  p.  474. 
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mother;  but  there  appears  no  reason  for  suspecting  any  fallacy.  The 
child  seems  to  have  been  born  at  the  26th  or  27th  week  of  gestation; 
and  having  been  placed  under  judicious  management,  it  has  thriven  well. 
— One  of  the  most  satisfactory  cases  on  record,  is  that  detailed  by  Dr. 
Outrepont*  (Professor  of  Obstetrics  at  Wurtzburgh),  and  stated  by  Dr. 
Christison  in  his  evidence  on  the  case  first  alluded  to.  The  evidence  is 
as  complete  as  it  is  possible  to  be  in  any  case  of  the  kind;  being  derived 
not  only  from  the  date  assigned  by  the  mother  to  her  conception,  but 
also  from  the  structure  and  history  of  the  child.  The  gestation  could 
have  only  lasted  27  weeks,  and  was  very  probably  less.  The  length  of 
the  child  was  13|  inches,  and  its  weight  was  24  oz.  Its  development 
was  altogether  slow;  and  at  the  age  of  eleven  years,  the  child  seemed  no 
more  advanced  in  iDody  or  mind,  than  most  other  lads  of  seven  yeai-s 
old.  In  this  last  point,  there  is  a  very  striking  correspondence  with  the 
results  of  other  observations  upon  premature  children,  made  at  an 
earlier  age.  A  very  remarkable  case  has  been  since  put  on  record  by 
Dr.  Barker  of  Dumfries,t  in  which  the  child  is  affirmed  to  have  been  bom 
on  the  158th  day  of  gestation,  or  in  the  middle  of  the  twenty-third  week 
after  intercourse.  Its  size,  weight,  and  gi-ade  of  development  were  con- 
formable to  the  asserted  period :  for  it  weighed  only  1  lb.  and  measured 
11  inches;  it  had  only  rudimentary  nails,  and  scarcely  any  haix*  except 
a  little  of  reddish  colom'  on  the  back  of  the  head ;  the  eyelids  were  closed, 
and  did  not  open  until  the  second  day ;  the  skin  was  shrivelled.  "WTien 
born  it  was  wrapped  up  in  a  box  and  placed  before  the  fire.  The  child 
did  not  suck  properly  until  after  the  lapse  of  a  month,  and  did  not  walk 
until  she  Avas  nineteen  months  old.  Three  years  and  a  half  afterwards, 
this  child  was  in  a  thriving  state,  and  very  healthy,  but  of  small  make ; 
she  then  weighed  29^ lbs. 

991.  There  is  another  question  regarding  the  function  of  the  Female 
in  the  Reproductive  act,  which  is  of  great  interest  in  a  scientific  point  of 
view,  and  which  may  become  of  importance  in  Juridical  inquiries; — 
namely,  the  possibility  of  Superfostation,  that  is,  of  two  distinct  concep- 
tions at  an  interval  of  greater  or  less  duration;  so  that  two  foetuses  of 
different  ages,  the  offspring  perhaps  of  different  parents,  may  exist  in  the 
uterus  at  the  same  time. — The  simplest  case  of  Superfoetation,  the  fre- 
quent occiu'rence  of  which  places  it  beyond  reasonable  doubt,  is  that  in 
which  a  female  has  intercourse  on  the  same  day  with  two  males  of  diffe- 
rent complexions,  and  beai'S  twins  at  the  full  time;  the  two  infants 
resembling  the  two  parents  respectively.  Thus,  in  the  slave-states  of 
America,  it  is  not  uncommon  for  a  black  woman  to  bear  at  the  same  time 
a  black  and  a  mulatto  child;  the  former  being  the  offspring  of  her  black 
husband,  and  the  latter  of  her  white  paramom\  The  converse  has  occa- 
sionally, though  less  frequently,  occurred :  a  white  woman  bearing  at  the 
same  time  a  white  and  a  mulatto  child.  There  is  no  difficulty  in  account- 
ing for  such  facts,  when  it  is  remembered  that  nothing  has  occurred  to 
prevent  the  uterus  and  ovaria  from  being  as  ready  for  the  second  con- 
ception as  for  the  first;  since  the  orifice  of  the  former  is  not  yet  closed 
up ;  and,  at  the  time  when  one  ovum  is  matured  for  fecundation,  there 
are  usually  more  in  the  same  condition. — But  it  is  not  easy  thus  to 

*  "  Henke's  Zeitschrift,"  band  vi. 

+  "  Medical  Times,"  Sept.  7,  and  Oct.  12,  1850. 
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iccouut  for  the  birth  of  two  children,  each  apparently  mature,  at  an 
nterval  of  five  or  six  months;  since  it  might  have  been  supposed  that 
the  .uterus  was  so  completely  occupied  with  the  first  ovum,  as  not  to 
.illow  of  the  transmission  of  the  seminal  fluid  necessary  for  the  fecunda- 
tion of  the  second.  In  cases  where  two  children  have  been  produced  at 
the  same  time,  one  of  which  was  fully-formed,  whilst  the  other  was  small 
and  seemingly  premature,  there  is  no  occasion  whatever  to  imagine  that  the 
two  were  conceived  at  different  periods;  since  the  smaller  foetus  may  have 
been  '  blighted,'  and  its  development  retarded,  as  not  unfrequently  happens 
in  other  cases.  Nor  is  it  necessary  to  infer  the  occurrence  of  Superfoeta- 
tion  in  every  case,  in  which  a  living  child  has  been  produced  a  month 
or  two  after  the  birth  of  another;  since  the  latter  may  have  been  some- 
what premature,  whilst  the  former  has  been  carried  to  the  full  term. 
But  such  a  difference  can  scarcely  be,  at  the  most,  more  than  2i  or 
3  months;  and  there  are  several  cases  now  on  record,  in  which  the 
interval  was  from  110  to  170  days,  whilst  neither  of  the  children  pre- 
sented any  indication  of  being  otherwise  than  mature.''* 

4. — Development  of  the  Embryo. 

992.  The  history  of  the  evolution  of  the  germ,  from  its  first  appearance 
is  a  single  cell  lying  in  the  midst  of  the  yolk,  to  the  time  when  it  presents 
the  form  and  structm-e  characteristic  of  its  parent-species,  and  is  capable 
)f  maintaining  an  independent  existence, — including  the  details  of  the 
i  progressive  development  of  each  separate  organ  and  tissue,  from  its  first 
ippearance  as  an  aggregation  of  simple  cells  formed  by  the  duplicative 
-ubdivision  of  the  primordial  vesicle,  to  that  stage  of  completeness  in 
A'hich  it  is  able  to  bear  a  part  in  the  vital  economy  of  the  new  being, — 
xud  embracing,  also,  the  succession  of  changes  in  the  provisions  for  the 
lutrition  of  the  embryo  in  the  successive  phases  of  its  existence,  and  the 
idaptations  of  its  general  organization  to  each  respectively, — constitutes 
^ne  of  the  most  interesting  departments  of  Physiological  Science,  and  one 
vvhich  has  of  late  yeai's  received  more  attention  than  any  other.  It  is  a 
n-anch  of  the  inquiry,  however,  which  has,  and  seems  likely  to  have,  less 
■>ractical  bearing  than  any  other;  for  neither  as  regards  the  preservation 
'f  the  body  in  health,  nor  in  its  restoration  from  disease,  is  it  easy  to  see 
vvhat  direct  benefit  the  most  exact  knowledge  of  Embryonic  Development 
s  likely  to  afford.  The  chief  subject  on  which  it  throws  light,  is  that  of 
Jongenital  Malformations  and  Deficiencies ;  many  of  which  are  now  dis- 
iuctly  traceable  to  arrest  or  irregularity  of  the  developmental  processes, 
ome  of  them,  indeed,  to  excess  (§  59  G). — For  these  reasons,  the  topic 
jcfore  us  will  be  passed-over  much  more  lightly  in  the  present  Treatise, 
han  its  scientific  importance  might  seem  to  demand ;  and  all  that  will 
'G  here  attempted,  will  be  a  mere  sketch  of  the  mode  in  which  the  evolu- 
lon  of  the  germ  takes  place,  this  being  followed  in  the  first  instance  as  a 
vhole,  whilst  its  principal  organs  will  be  afterwards  separately  considered 
i«  they  successively  present  themselves. 

99.3.  This  sketch,  however,  will  serve  to  convey  an  idea  of  the  nature 
'f  the  process,  and  to  illustrate  its  conformity  in  Man  to  that  great  law  of 

'  See  the  Article  '  Supcrfoetation,'  in  Dr.  Beck's  "  Elements  of  Medical  Jurisprudence." 
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progress /ro?>i  the  general  to  the  s2:>ecial,  which  is  equally  manifested  iu  the 
development  of  every  other  organized  being.  For,  when  we  first  discern 
the  primordial  cell  which  is  to  evolve  itself  into  the  Human  organism  we 
can  trace  nothing  that  essentially  distinguishes  it  from  that  which  might 
give  origin  to  an//  other  form  of  organic  structure,  either  Vegetable  or  Ani- 
mal ;  its  condition,  in  fact,  being  permanently  represented  by  the  humblest 
single-celled  Plants  and  Animals.  The  earliest  stage  of  its  development 
consists  in  simple  multiplication  by  duplicative  subdivision,  so  that  a 
mass  of  cells  comes  to  be  produced,  amidst  the  several  individuals  of 
which  no  difference  can  be  traced  j  and  this  also  finds  its  parallel  among 
the  simpler  organisms  of  both  kingdoms.  Soon,  however,  this  homogeneous 
condition  gives  rise  to  a  heterogeneous  one;  the  further  changes  which 
different  parts  of  the  mass  undergo,  not  being  of  the  same  uniform  cha- 
racter, so  that  a  marking-out  of  organs,  or  instrumental  parts  adaj)ted  for 
different  purposes  in  the  economy,  comes  to  be  discernible.  The  organs, 
however,  whose  distinctness  first  becomes  apparent,  are  not  usually  those 
which  we  trace  in  the  completed  structure,  but  have  a  merely  temporary 
character ;  being  evolved  either  as  a  sort  of  scaffolding  or  frame-work  for  the 
building-up  of  the  more  permanent  parts,  or  with  a  view  to  the  nutrition 
of  the  embryo  during  the  evolution  of  these.  Although  the  first  indica- 
tions of  heterogeneousness  in  the  germinal  mass  are  of  nearly  the  same 
kind  in  all  animals, — consisting  in  the  formation  of  a  blastodermic  mem- 
brane (composed,  however,  of  nothing  else  than  layers  of  cells)  upon  its 
exterior,  which  serves  as  a  sort  of  temporary  stomach,  whilst  a  large  pai't 
of  the  included  mass  undergoes  liquefaction,  and  serves  as  the  nutrient 
material  for  the  tissues  which  are  to  be  evolved  from  it, — yet  indications 
arc  very  speedily  manifested,  of  the  primary  division  of  the  Animal  King- 
dom of  which  the  new  being  is  a  member; — thus,  in  the  case  of  the 
Human  embryo,  as  of  that  of  all  Vertebrated  animals,  the  first  indication 
of  the  permanent  organization  is  shown  in  the  'primitive  trace' which 
marks  out  the  line  of  the  vertebral  column  (Plate  II.,  Fig.  11);  and  in 
this  we  very  soon  discern  the  foundations  of  the  separate  vei-tebrffi 
(Fig.  12,  c).  But  there  is  nothing  at  this  period  to  distinguish  the  germ  of 
Man  from  that  of  any  other  Vertebrated  animal,  this  early  part  of  the 
developmental  j)rocess  being  carried-on  upon  the  same  plan  in  eveiy 
member  of  that  sub-kingdom ;  and  it  is  not  until  we  meet  with  indications 
of  the  plans  which  are  peculiar  to  the  respective  classes  of  that  sub-king- 
dom, that  we  can  discover  whether  the  germ  in  course  of  evolution  is  to 
become  a  Mammal,  Bird,  Reptile,  or  Fish.  So,  even  when  it  has  been 
recognised  as  belonging  to  the  Mammalian  class,  there  is  at  fu'st  nothing 
to  distinguish  it  from  that  of  any  other  Mammal ;  and  it  is  only  with  the 
advance  of  the  developmental  process,  that  indications  successively  present 
themselves,  which  enable  us  to  distinguish,  one  after  another,  the  charac- 
ters of  the  order,  the  family,  the  genus,  the  species,  the  variety,  the  sex, 
and  the  individual, — the  more  s2oecial  features  j)rogressively  evolving  thm- 
selves  out  of  the  more  general,  which  is  the  expression  of  the  law  of  develop- 
ment common  to  all  Organized  beings.* 

*  See,  on  this  subject,  the  Author's  "  Princ  of  Phys.,  Gen.  and  Comp.,"  chaps,  viii. 
and  xviii. ;  in  the  former  of  which  will  be  found  an  examination  of  tlic  commonly-recen 
doctrine,  that  tlie  higher  forms  in  the  course  of  their  development  pass  through  the  pH 
whicli  remain  permanently  characteristic  of  the  lower. 
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994.  With  this  progressive  alteration  in  the  condition  of  the  embryo 
itself,  a  very  remarkable  series  of  alterations  takes  place,  pari  passu,  in 
the  mode  in  which  it  is  supplied  with  nutrient  material,  and  in  the  pro- 
visions for  the  aemtion  of  its  circulating  jQuid. — The  fii'st  evolution  of  the 
germ  takes  place  entirely  at  the  expense  of  the  yolk;  of  which,  however, 
the  store  contained  in  the  Mammalian  ovum  is  very  small.  The  whole 
of  this  is  very  speedily  incorporated  in  the  substance  of  the  germ,  by  the 
peculiar"  process  to  be  presently  described ;  and  there  is  no  residual  store 
of  '  food-yolk,'  such  as  that  which,  in  the  Bird,  serves  for  the  nutrition  of 
the  embryo  during  the  whole  remainder  of  the  developmental  process, 
being  gradually  absorbed  into  the  substance  of  the  blastodermic  mem- 
brane, and  there  converted  into  blood.  The  Mammalian  ovum,  however, 
from  the  time  it  reaches  the  Uterus,  is  furnished  with  a  new  supply  of 
nourishment,  in  the  fluid  secreted  by  the  Decidual  membrane  (§  977)  j 
and  for  the  absorption  of  this,  it  is  particularly  adapted  by  the  villosities 
which  develope  themselves  from  its  own  external  envelope.  These,  at 
first  entu'ely  destitute  of  blood-vessels,  are  subsequently  penetrated  at  a 
certain  part  of  the  surface,  by  the  i^oetal  capillaries  brought  to  them  by 
an  organ,  the  Allantois,  which  is  developed  in  Birds  as  the  temporary  in- 
strument of  respiration ;  and  thus  is  originated  the  foetal  portion  of  the 
Placenta,  of  whose  formation  details  will  be  presently  given.  From  the 
time  that  this  organ  is  completed,  up  to  the  birth  of  the  Infant,  the 
embiyo  draws  its  nutrient  materials  direct  from  the  maternal  blood, 
though  not  receiving  that  blood  as  such  into  its  own  organism ;  and  it  is 
through  the  same  medium  that  the  aeration  of  its  own  blood  is  effected, 
its  pulmonary  apparatus  being  as  yet  inoperative.  Its  circulating  system, 
arranged  in  accordance  with  these  requirements,  presents  many  pecu- 
liarities which  mark  its  foetal  character;  and  the  alteration  in  the  course 
of  the  blood,  which  takes  place  as  soon  as  the  respiratory  organs  come 
into  play,  constitutes  the  essential  difference  between  intra-uterine  and 
extra-uterine  life.  If,  as  sometimes  happens,  the  lungs  of  the  new-born 
infant  exj)and  but  impeifectly  or  scarcely  at  all,  the  circulation  continues 
to  be  caiiied-on,  in  a  greater  or  less  degree,  upon  its  intra-uterine  plan; 
and  this,  when  the  placenta  is  no  longer  capable  of  supplying  the  needed 
aeration,  is  incompatible  Avith  the  persistence  of  life. 

995.  Om-  knowledge  of  the  first  stages  of  the  developmental  process 
in  the  Mammahan  ovum,  is  in  many  respects  incomplete;  and  it  is  requi- 
site to  interpret  what  has  been  obscurely  seen  in  the  ova  of  this  class,  by 
the  clearer  Adews  derived  from  observation  of  those  of  the  lower  animals.* 
— As  ah'eady  stated,  the  germinal  vesicle  disappears  at  or  about  the  time 
>f  fecundation ;  but  its  disappearance  is  not  a  result  of  fecundation, 
^ince  it  also  takes  place  in  the  unimpregnated  egg,  in  consequence  (it 
liay  be  presumed)  of  the  completion  of  its  term  of  life,  and  of  those 
operations  which  it  was  developed  to  perform.  Its  place  is  seen  to  be 
occupied,  at  an  early  period  after  fecundation,  by  a  new  and  peculiar  cell, 
he  ongin  of  which  is  obscm-e,  but  the  destination  of  which  is  most 

*  The  researches  of  Kcilliker  ("Miiller's  Archiv.,"  1843,  p.  G8)  and  Bagge  ("Do  Evohit. 
^trongyli  et  Ascarid.,  Diss.  Inaug.,"  1841)  on  the  ova  of  Entozoa, — tliose  of  Mr.  Newport 
■'  Philos.  Transact.,"  IJJ.'jl)  on  the  ova  of  Ratrachia,— and  those  of  Bischoif  ("  Entwicke- 
iingsgeschiclite  des  llunde-eics,"  1845)  on  the  ova  of  the  Bitch,— are  tlie  most  valuable 
vhich  wc  at  present  possess. 
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important;  for  it  is  by  the  duplicative  subdivision  of  this  cell,  first  into  2 
then  into  4,  then  into  8,  and  so  on,  and  by  the  metamorphoses  which  its 
progeny  undergo,  that  the  whole  embryonic  fabric  is  gradually  evolved. 
Hence  this  cell  may  be  termed  the  emhryo-cell*  At  the  same  time  a 
peculiar  change  begins  to  take  place  in  the  yolk,  the  whole  sphere  of 
which  is  first  marked-out  by  a  furrow  into  two  hemispheres,  and  is  at  last 
completely  divided  by  the  extension  of  this  fission  to  the  centre  •  each 
half  is  again  furrowed  and  then  cleft  in  the  same  manner,  and  thus  the 
entire  yolk  is  broken-up  into  a  mass  of  segments  (Fig.  165).    This  'seg- 

FiG.  IS."), 


Progressive  stages  in  the  Sefi;mfntutioii  of  the  Yolk  of  the  Mammalian  Ovum:— a,  its  first 
division  into  two  halves;  b,  subdivision  of  each  half  into  two;  C,  further  subdivision,  producing 
numerous  segments. 

mentation '  takes  place  pari  passu  with  the  multiplication  of  the  embryo- 
cells,  each  of  which  is  surrounded  by  a  distinct  portion  of  the  yolk;  and 
there  seems  every  probability  that  it  is  determined  by  that  multiplication, 
and  that  each  cell  of  the  pair  that  is  formed  by  the  duplicative  subdivi- 
sion of  its  predecessor,  draws  around  itself  its  proper  share  of  the  nutritive 
material. — These  changes  take  place,  in  the  Mammalian  Ovum,  during 
its  transit  along  the  Fallopian  tube  to  the  uterus;  so  that,  by  the  time  of 
its  arrival  there,  the  whole  cavity  of  the  Zona  pellucida  is  occupied  by 
minute  spherules  of  yolk,  each  containing  a  transparent  vesicle,t  the 
aggregation  of  which  gives  it  a  mulberry -like  aspect  (Fig.  166,  a);  and  by 
a  continuance  of  the  same  process  of  subdivision,  the  component  seg- 
ments becoming  more  and  more  minute,  the  mass  comes  to  present  a 
finely-granular  aspect  (b). 

996.  At  this  stage  it  does  not  appear  that  the  several  segments  of  the 
yolk  have  a  distinct  enveloping  membrane;  but  an  envelope  is  now 
formed  around  each  of  them,  converting  it  into  a  ceU,  of  which  the  in- 
cluded vesicle  constitutes  the  nucleus,  and  of  which  the  portion  of  the 
yolk  surrounding  this  forms  the  contents.  This  happens  first  to  the  peri- 
pheral portions  of  the  mass;  and  as  its  cells  are  fully  developed,  they 
arrange  themselves  at  the  surface  of  the  yolk  into  a  kind  of  membi-aue, 

*  The  embryo-cell  has  not  yet  been  clearly  made  out  in  the  Mammalian  ovum ;  j*"' 
the  conformity  of  the  subsequent  appearances  to  those  which  are  seen  in  the  ova  of  the  o 


which  it  certainly  is  in  the  oviim  of  many  of  the  lower  animals;  its  appearance,  ^^''l^"]^'  ^ 
rated  from  the  yolk-granules  which  surround  it,  being  rather  that  of  a  fat-  or  oil-glo  u 
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mid  at  the  same  time  assume  a  pentagonal  or  hexagonal  shape  from 
mutual  pressure,  so  as  to  resemble  pavement-epithelmm  (Plate  I.  Fig.  5). 
As  the  globular  masses  of  the  interior  are  gradually  converted  into  cells, 
they  also  pass  to  the  surface  and  accumulate  there,  thus  increasing  the 


Fig.  166. 
A  Ti 


Latter  stage  iu  the  Segmentation  of  the  Yolk  of  the  Mammalian  Ovum;  at  a  is  shown  the 
'mulberry  mass'  formed  by  the  minute  subdivision  of  the  vitelline  spheres;  at  b,  a  further 
increase  has  brought  its  surface  into  contact  with  the  vitelline  membrane,  against  which  the 
spherules  are  flattened. 

!  thickness  of  the  membrane  already  formed  by  the  more  superficial  layer 
(  of  cells,  while  the  central  part  of  the  yolk  remains,  filled  only  with  a 
t  clear  fluid.    By  this  means  the  exterior  of  the  yolk  is  speedily  converted 
1  into  a  kind  of  secondary  vesicle,  situated  within  the  Zona  pellucida,  and 
I  named  by  Bischoflf  the  blastodermic  vesicle.    This  vesicle,  very  soon  after 
i  its  formation,  presents  at  one  point  an  opac^ue,  roundish  S23ot  (Plate  I. 
]  Fig.  6),  which  is  produced  by  an  accumulation  of  cells  and  nuclei  of  less 
t  transparency  than  elsewhere  ;  this  is  termed  the  area  germinativa.  The 
1  wall  of  the  vesicle,  which  is  termed  the  germinal  membrane,  increases  in 
'  extent  and  thickness,  by  the  formation  of  new  cells  (whose  mode  of  pro- 
duction has  not  been  clearly  made  out)  j  and  it  subdivides  into  iwo  layers 
(Plate  I,  Fig.  7),  which,  although  both  at  first  composed  of  cells,  soon 
present  distinctive  characters,  and  are  concerned  in  very  different  ulterior 
operations.    The  outer  one  of  these  is  commonly  known  as  the  serous 
layer  (Fig.  8);  but  being  the  one  in  whose  substance  the  foundation  is 
laid  for  the  vertebral  column  and  the  nervous  system,  it  is  sometimes 
called  the  animal  layer.    The  inner  one  is  usually  known  as  the  mucous 
layer  (Fig.  9) ;  and  being  the  one  chiefly  concerned  in  the  formation  of  the 
nutritive  apparatus,  it  is  sometimes  called  the  vegetative  layer.    This  divi- 
sion is  at  first  most  evident  in  the  neighbourhood  of  the  area  germinativa ; 
Imt  it  soon  extends  from  this  point,  and  implicates  nearly  the  whole  of 
the  germinal  membrane. 

097.  The  Area  Germinativa,  at  its  first  appearance,  has  a  rounded 
fonn;  but  it  soon  loses  this,  becoming  first  oval,  and  then  pear-shaped 
(Plate  J  I.  Fig,  11).  While  this  change  is  taking  place  in  it,  there  gra- 
'lually  appears  in  its  centre  a  clear  space,  termed  the  area  pellucida  (a) ; 
;md  this  is  bounded  externally  by  a  more  opaque  circle  (whose  opacity  is 
due  to  the  greater  accumulation  of  cells  and  nuclei  in  that  part  than  iu 
the  area  pellucida),  which  subsequently  becomes  the  area  vasculosa.  In 
t  he  formation  of  these  two  spaces,  both  the  serous  and  mucous  layers  of 
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the  germinal  membrane  seem  to  take  their  share;  but  the  foundation  of 
the  embryonic  structure,  known  as  the  primitive  trace,  is  laid  in  the 
serous  lamina  only.    This  consists  in  a  shallow  groove  (c),  lying  between 
two  oval  masses  (b),  known  as  the  lamince  dorsales.    The  form  of  these 
changes  with  that  of  the  area  pellucida;  at  first  they  ai*e  oval,  then 
pyriform,  and  at  last  become  of  a  guitar-shape.    At  the  same  time,  they 
rise  more  and  more  from  the  surface  of  the  area  pellucida,  so  as  to  form 
two  ridges  of  higher  elevation,  with  a  deeper  groove  between  them ;  and 
the  summits  of  tliese  ridges  tend  to  approach  each  other,  and  gradually 
unite,  so  as  to  convert  the  groove  into  a  tube.    At  the  same  time,  the 
anterior  portion  of  the  groove  dilates  into  three  recesses  or  vesicles  (Plate 
II.  Fig.  12,  b),  which  indicate  the  position  of  the  three  principal  divisions 
of  the  Encephalon,  afterwards  to  be  developed  as  the  prosencephalon,  the 
mesencep)halon,  and  the  epencephalon  (§  1012).    The  most  internal  parts  of 
these  lamina),  bounding  the  bottom  and  sides  of  the  groove,  appear  to  fur- 
nish the  iTidiments  of  the  nervous  centres  which  this  cranio-vertebral  canal 
is  to  contain;  whilst  the  oiiter  parts  are  developed  into  the  rudiments  of 
tlie  vertebral  column  and  cranium.  Even  before  the  laminae  dorsales  have 
closed  over  the  primitive  groove,  a  few  square-shaped  and  at  first  indis- 
tinct plates,  which  are  the  rudiments  of  vertebrEe  (c),  begin  to  appear  at 
about  the  middle  of  each.    The  position  of  the  bodies  of  the  vertebras  is 
indicated  at  this  period,  in  the  embiyos  of  Birds  and  Fishes,  by  a  distinct 
cylindrical  rod  of  nucleated  cells,  termed  the  chorda  dorsalis;  and  this 
retains  its  embryonic  type  in  the  Myxinoid  Fishes  (§  1010).    While  this 
is  going  on,  an  accumulation  of  cells  takes  place  between  the  two  lamiuse 
of  the  germinal  membrane  at  the  '  area  vasculosa ; '  and  these  cells 
speedily  form  themselves  into  a  distinct  layer,  the  vascular  lamina,  m 
which  the  first  blood-vessels  of  the  embryo  are  developed,  as  will  be  pre- 
sently described  (§  998).    From  the  dorsal  lamina)  on  either  side,  a  pro- 
longation passes  oiitwards  and  then  downwards,  forming  what  is  known 
as  the  ventral  lamina;  in  this  are  developed  the  ribs  and  the  transverse 
processes  of  the  vertebrse ;  and  the  two  have  the  same  tendency  to  meet 
on  the  median  line,  and  thus  to  close-in  the  abdominal  cavity,  which  the 
dorsal  lamince  have  to  inclose  the  spinal  cord.    At  the  same  time,  the 
layers  of  the  germinal  membrane  which  lie  beyond  the  extremities  of  the 
embryo,  are  folded-in,  so  as  to  make  a  depression  on  the  yolk ;  and  their 
folded  mai-gins  gi-adually  approach  one  another  under  the  abdomen.  The 
first  rudiment  of  the  intestinal  canal  presents  itself  as  a  channel  along 
the  imder  surface  of  the  embryonic  mass,  formed  by  the  rising-up  of  the 
inner  layer  of  the  germinal  membrane  into  a  ridge  on  either  side.  The 
two  ridges  gradually  arch-over  and  meet,  so  as  to  form  a  tube,  which  is 
thus  (so  to  speak)  pinched-off"  the  general  vitelline  sac ;  and  it  remains  m 
connection  with  this,  by  means  of  an  unclosed  portion,  which  constitutes 
the  'vitelline  duct'  (Figs.  169,  170). 

998.  Whilst  these  new  structures  are  being  produced,  a  very  remayK- 
able  change  is  taking  place  in  that  part  of  the  serous  lamina  whicn 
surrounds  the  area  pellucida.  This  rises  up  on  either  side  in  two  tolas, 
and  these  gradually  approach  one  another,  at  last  meeting  in  the  spa 
between  the  general  envelope  and  the  embryo,  and  thus  fornnug 
additional  investment  to  the  latter.  As  each  fold  contains  two  laye^^ 
of  membrane,  a  double  envelope  is  thus  formed ;  of  this,  the  outer  hnni 
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adheres  to  the  general  envelope ;  whilst  the  inner  remains  as  a  distinct 
sac,  to  which  the  name  of  Amnion  is  given.  (See  Figs.  168,  169,  and 
170.)  This  takes  place  during  the  third  day  in  the  Chick;  the  period 
at  which  it  occurs  in  the  Human  Ovum  is  difficult  to  be  ascertained, 

Fig.  167.  Fig.  168. 


Fig.  167. — Plan  of  early  Uterine  Ovum.  Within  the  external  ring,  or  zona  pellucida,  are  the 
serous  lamina,  a;  the  yolk,  6;  and  the  incipient  embryo,  c. 

Fig.  168. — Diagram  of  Ovum  at  the  commencement  of  the  formation  of  the  Amnion: — a,  cho- 
rion ;  b,  yolk-sac ;  c,  embryo ;  d,  and  e,  folds  of  the  serous  layer  rising  up  to  form  the  amnion. 

owing  to  the  small  number  of  normal  specimens  which  have  come  under 
observation  at  a  sufficiently  early  stage. — During  the  same  period,  a  very 
important  provision  for  the  future  support  of  the  embryo  begins  to  be 
made,  by  the  development  of  blood-vessels  and  the  formation  of  blood. 
Hitherto,  the  embryonic  structure  has  been  nourished  by  direct  absorp- 
tion of  the  alimentary  materials  supplied  to  it  by  the  yolk ;  but  its  increas- 
ing size,  and  the  necessity  for  a  more  free  .communication  between  its 
parts  than  any  structure  consisting  of  cells  alone  can  permit,  call  for  the 
development  of  vessels  through  which  the  nutritious  fluid  may  be  con- 
veyed. These  vessels  are  first  seen  in  that  part  of  the  Vascular  lamina 
of  the  germinal  membrane  (§  294),  which  immediately  siu-rounds  the 
embryo ;  and  they  form  a  network,  bounded  by  a  circular  channel,  which 
is  known  under  the  name  of  the  Vascular  Area  (Plate  II.  Fig.  13). 
This  gradually  extends  itself,  until  the  vessels  spread  over  the  whole 
of  the  membrane  that  contains  the  yolk.  The  first  blood-discs  appear  to 
be  formed  from  the  nuclei  of  the  cells,  whose  cavities  have  become  con- 
tinuous with  each  other  to  form  the  vessels  (§  149);  and  from  these,  the 
ubsequent  blood-discs  of  the  first  series  are  probably  generated.  This 
network  of  blood-vessels  serves  the  purposes  of  absorbing  the  nutritious 
matter  of  the  yolk,  and  of  conveying  it  towards  the  embryonic  struc- 
tures, which  are  now  in  process  of  rapid  development.  The  first  move- 
ment of  the  fluid  is  towards  the  embryo;  and  this  can  be  witnessed 
l)efore  any  distinct  heart  is  evolved.  The  same  process  of  absorption 
from  the  yolk,  and  of  conversion  into  blood,  probably  continues  as  long 
aa  there  is  any  alimentary  material  left  in  the  sac. 

999,  The  Yolk-sac  is  early  separated  in  the  Mammalia,  by  a  constric- 
tion of  the  portion  which  is  continuous  with  the  abdomen  of  the  Em- 
biyo;  and  it  is  known  from  that  time  under  the  name  of  the  Umbilical 
Vesicle  (Plate  I.  Fig.  10,  i).  The  communication,  liowever,  remains  oj)en 
for  a  time  through  the  vitelline  duct ;  and  even  after  this  has  been  cut 
'  'ff,  the  trunks  which  connect  the  circulating  system  of  the  embryo  with 
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that  of  the  vascular  area  are  discernible ;  these  are  called  On^yhalo-Mesenteric, 
Meseraic,  or  Vitelline  vessels  (Figs.  171,  172,  q,  r).  It  was  formerly 
believed  that  the  nutrient  matter  of  the  yolk  passes  directly  through 
the  vitelline  duct,  into  the  (future)  digestive  cavity  of  the  embryo,  and 
is  from  it  absorbed  into  its  structure ;  but  there  can  now  be  little  doubt, 
that  the  vitelline  vessels  are  the  real  agents  of  its  absorption,  and  that 
they  convey  it  through  the  general  circulating  system,  to  the  tissues  in 
process  of  formation.  They  correspond,  in  fact,  to  the  Mesenteric 
veins  of  Invertebrated  animals,  which  are  the  sole  agents  in  the  absorp- 
tion of  nutriment  from  their  digestive  cavity  (§  459) ;  and  the  blasto- 
dermic vesicle  is  to  be  regarded  as  the  temporary  stomach  of  the  embryo, 
— remaining  as  the  permanent  stomach  in  the  Radiated  tribes.* 

1000.  The  formation  of  the  Heart,  which  is  the  first  of  the  pennanent 
organs  of  the  Embryo  that  comes  into  functional  activity,  takes  place  in 
the  substance  of  the  vascular  layer,  beneath  the  upper  part  of  the  spinal 
column.  Its  first  rudiment  consists  of  an  aggregation  of  ceUs,  of  which 
the  inner  part  break-down  to  form  its  cavity,  whilst  the  outer  remain  to 
constitute  its  walls.  For  a  long  time  after  it  has  distinctly  commenced 
pulsating,  and  is  obviously  exerting  a  contractile  force,  its  wails  obvi- 
ously retain  the  cellular  character,  and  only  become  muscular  by  a  pro- 
gressive histological  transformation  (§  310).  The  first  appearance  of  the 
Heart  in  the  Chick  is  at  about  the  27th  hour;  the  time  of  its  formation 
in  Mammalia  has  not  been  distinctly  ascertained.  In  its  earliest  form,  it 
has  the  same  simple  character  which  is  presented  by  the  central  impel- 
ling cavity  of  the  lower  Invertebrata ;  being  a  mere  prolonged  canal, 
which  at  its  posterior  extremity  receives  the  veins,  and  at  its  anterior 
sends  forth  the  arteries.  After  a  short  time,  however,  it  becomes  bent 
upon  itself  (Plate  II.  Fig.  13,  d);  and  it  is  soon  subdivided  into  three 
cavities,  which  exist  in  all  Vertebrata,  viz.,  a  simple  auricle  or  receiving 
cavity,  a  simple  ventricle  or  propelling  cavity,  and  a  hulhus  arteriosm  at 
the  origin  of  the  aorta.  The  circulation  is  at  first  carried  on  exactly 
upon  the  plan  which  is  permanently  exhibited  by  Fishes.  The  Aoiia 
subdivides  into  four  or  five  arches  on  either  side  of  the  neck  (Figs.  171, 
172,  e,  e',  e"),  wdiich  are  separated  by  fissures  much  resembling  those  form- 
ing the  entrances  to  the  gill-cavities  of  Cartilaginous  Fishes ;  and  these 
arches  re-unite  to  form  the  descending  aorta,  which  transmits  branches  to 
all  parts  of  the  body. — Such  is  the  first  phase  or  aspect  of  the  Circulating 
Apparatus,  which  is  common  to  all  Vertebrata  during  the  earliest  period 
of  their  development,  and  which  may,  therefore,  be  considered  as  its  most 

*  Previously  to  the  ninth  day  of  incubation  (in  the  Fowl's  egg),  a  series  of  folds  are  fomied 
by  the  lining  membrane  of  the  yolk-bag,  which  project  into  its  cavity;  these  become 
gradually  deeper  and  more  crowded,  as  the  bag  diminishes  in  size  by  the  absorption  ot  its 
contents.     The  vitelline  vessels  that  ramify  upon  the  yolk-bag,  send  into  these  folds  (o^ 
valvuliB  conniventes)  a  series  of  inosculating  loops,  which  immensely  increase  the  ^-^tf^  ^ 
this  absorbing  apparatus.    But  these  minute  vessels  are  not  in  immediate  contact  with  t 
yolk  ;  for  there  intervenes  between  them  (as  was  first  noticed  by  Mr.  D''^lryniple)^a  layer 
nucleated  cells,  which  is  easily  washed  away.    (See  Dr.  Baly's  Translation  of  '  Wi'l'c 
Physiology,"  pp.  1557-1559.)    It  was  from  the  colour  of  these,  communicated  to  the  vesse 
beneath,  that  Hal ler  termed  the  latter  vasalutea;  when  the  layer     removed,  the  vck^ 
present  their  usual  colour.    There  seems  good  reason  to  believe  that  these  cells,  like  tn 
the  Intestinal  Villi  in  the  adult  (§  461),  are  the  real  agents  in  the  process  of  absorbing 
assimilating  the  nutritive  matter  of  the  yolk  ;  and  that  they  deliver  this  up  to  the  vessels,  j 
themselves  undergoing  rupture  or  dissolution,  being  replaced  by  new  layers. 
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o;encral  form.  It  remains  permanent  in  the  class  of  Fishes  j  and  in  them 
the  vascular  system  undergoes  further  development  on  the  same  type,  a 
number  of  minute  tufts  being  sent-forth  from  each  of  the  arches,  which 
'^uter  the  filaments  of  the  gills,  and  serve  for  the  aeration  of  the  blood, 
la  higher  Vertebrata,  however,  the  plan  of  the  circulation  is  afterwards 
entirely  changed,  by  the  formation  of  new  cavities  in  the  heart,  and  by 
the  production  of  new  vessels ;  these  changes  will  be  presently  described. 
It  is  incorrect,  therefore,  to  speak  of  the  vascular  arches  in  their  necks  as 
branchial  arches;  since  no  branchiae  or  gills  are  ever  developed  from 
them.  The  clefts  between  them  may  be  very  distinctly  seen  in  the 
Human  Foetus  towards  the  end  of  the  first  month ;  dming  the  second, 
they  usually  close-up  and  disappear. 

1001.  With  the  evolution  of  a  Circulating  apparatus,  adapted  to  absorb 
nom'ishment  from  the  store  prepared  for  the  use  of  the  Embryo,  and 
to  convey  it  to  its  difierent  tissues,  it  becomes  necessary  that  a  Respira- 
tory apparatus  should  also  be  provided,  for  depurating  the  blood  from 
the  carbonic  acid  with  which  it  becomes  charged  during  the  course  of  its 
circulation.  The  temporary  Respiratory  apparatus  now  to  be  described, 
bears  a  strong  resemblance  in  its  own  character,  and  especially  in  its 
vascular  connections,  to  the  gills  of  the  Mollusca;  which  are  prolonga- 
tions of  the  external  surface  (usually  near  the  termination  of  the  intes- 
tinal canal),  and  which  almost  invariably  receive  their  vessels  from  that 
part  of  the  system.  This  apparatus,  which  is  termed  the  Allantois, 
sprouts-forth  from  the  caudal  extremity  of  the  embryo,  at  first  as  a  little 
mass  of  cells,  which  soon  exhibits  a  cavity  (probably  formed  by  the 
liquefaction  of  the  cells  of  the  internal  part),  so  that  a  vesicle  is  formed 
(Figs.  169,  170,  g),  which  looks  like  a  divert^iculum  from  the  lower  part 


Fig.  169. 


Fig.  170. 


Fig.  iCo.-Diagram  of  an  early  Human  Om»»,  with  the  Amnion  in  process  of  formation 
n,  the  chorion;  6,  the  vitelline  mass,  surromulcd  by  the  blastodermic  vesicle ;  c,  the  embryo; 
die,  and  /,  external  and  internal  folds  of  the  serous  layer,  forming  the  amnion;  g,  incipient 

"^'S^Tro.-Diagram  representing  a  Human  Ovum  in  second  month  :-a.  I  smooth  portion  of 
Chorum  a  2,  villous  portion  of  chorion ;  k,  k,  elongated  villi,  beginning  to  collect  into  Placenta; 
h,  vitelline  or  umbilical  vesicle;  c,  embryo;  /,  amnion  (inner  layer);  g,  alluntois;  h,  outer  layer 
of  amnion,  coalescing  with  chorion. 

of  the  di-restive  cavity.  This  vesicle,  in  Birds,  soon  becomes  so  large  as 
to  extend'^itself  around  the  whole  yolk-sac,  intervening  between  it  and  the 
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membrane  of  the  shell,  and  coming  through  the  latter  into  relation  with 
the  external  air ;  but  in  the  embryos  of  Mammalia,  being  early  super- 
seded by  another  provision  for  the  aeration  of  the  blood,  the  allautois 
seldom  attains  any  considerable  dimensions.    Its  chief  office  in  them  is 
to  convey  the  vessels  of  the  embryo  to  the  chorion;  and  its  extent  bears 
a  pretty  close  correspondence  with  the  extent  of  surface,  through  which 
the  chorion  comes  into  vascular  connection  with  the  decidua.    Thus,  in 
the  Carnivora,  whose  placenta  extends  like  a  band  around  the  whole  oram, 
the  allantois  also  lines  nearly  the  whole  inner  surface  of  the  chorion  ;  on 
the  other  hand,  in  Man  and  the  Quadrumana,  whose  placenta  is  restricted 
to  one  spot,  the  allantois  is  small,  and  conveys  the  foetal  vessels  to  one 
portion  only  of  the  chorion.    When  these  vessels  have  reached  the 
chorion,  they  ramify  in  its  substance,  and  send  filaments  into  its  villi;  and 
in  proportion  as  these  villi  form  that  connection  with  the  uterine  structure 
which  has  been  already  described  (§§  977-982),  do  the  vessels  increase 
in  size.    They  then  pass  directly  from  the  foetus  to  the  chorion;  and 
the  allantois,  being  no  longer  of  any  use,  shrivels-up,  and  remains  as  a 
minute  vesicle,  only  to  be  detected  by  carefid  examination.    The  same 
thing  happens  in  regard  to  the  umbilical  vesicle,  from  which  the  entire 
contents  have  been  by  this  time  Avithdi-awn;  and  from  henceforth  the 
foetus  is  comiDletely  dependent  for  the  materials  of  its  growth  upon  the 
supply  it  receives  through  the  placenta,  which  is  conducted  to  it  by 
the  vessels  of  the  umbilical  cord.    This  state  of  things  is  represented  in 
Figs.  171,  172,  nn',  oo'. — The  Allantois  has  a  correspondence  in  origin 
with  the  Urinary  Bladder ;  but  it  is  only  the  lowest  part  of  it,  pinched  off, 
as  it  were,  from  the  rest,  which  remains  as  such.    The  duct  by  which  it 
is  connected  with  the  abdomen  gradually  shrivels ;  and  a  vestige  of  this 
is  permanent,  forming  the  Urachus  or  suspensory  ligament  of  the  Bladder 
by  which  it  is  connected  with  the  Umbilicus.    Before  this  takes  place, 
however,  the  Allantois  is  the  receptacle  for  the  secretion  of  the  Corpora 
Wolffiana,  and  of  the  true  Kidneys,  when  they  are  formed  (§  1007). 

1002.  It  will  be  seen  from  the  succeeding  diagram,  that  the  Umbilical 
Cord  receives  an  investment  fi'om  the  Amnion,  which  forms  a  kind  of 
tubular  sheath  aroimd  it ;  it  is  continuous  at  the  umbilicus  with  the 
integument  of  the  foetus ;  and  at  the  point  where  the  cord  enters  the 
placenta,  it  is  reflected  over  its  internal  or  foetal  sm-face.  The  Amnion 
(which  thus  forms  a  shut  sac,  like  that  of  the  pleura,  arachnoid,  &c.) 
contains  a  fluid  known  as  the  liquor  amnii ;  this  consists  of  water  hold- 
ing in  solution  a  small  quantity  of  albumen  and  saline  matter,  and  resem- 
bling, therefore,  very  diluted  serum.  During  the  first  two  months  of 
gestation,  the  amnion  and  the  inner  lining  of  the  chorion  (which  is 
really  the  reflected  layer  of  the  amnion,  just  as  the  lining  of  the  abdo- 
minal cavity  is  formed  by  the  peritoneum)  are  separated  by  a  gelatinous- 
looking  substance ;  which  probably  aids  in  the  nutrition  of  the  embryo, 
previously  to  the  formation  of  the  placenta.  This  is  absorbed 
during  the  second  month;  and  the  amnion  is  then  found  immediately 
beneath  the  chorion. — In  the  Umbilical  Cord,  when  it  is  completely 
formed,  the  following  parts  may  be  traced.  1.  The  tubular  sheath 
afforded  by  the  Amnion.  2.  The  Umbilical  Vesicle  (Fig.  171,  t),  ™ 
its  pedicle,  or  vitelline  duct.  3.  The  Vasa  Omphalo-Meseraica  {q,  r),  oi 
mesenteric  vessels  of  the  embryo,  by  which  the  yolk  was  absorbed  into 
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rs  body  ;  these  accompany  the  pedicle.  4.  The  Urachus,  and  remains  of 
I  lie  Allautois.  5.  The  Vasa  Umbilicalia  {nn,  o),  which,  in  the  later  period 
of  gestation,  constitute  the  chief  part  of  the  Cord.  These  last  vessels  con- 
sist in  Man  of  two  arteries  and  one  vein.  The  arteries  are  the  main 
branches  of  the  Hypogastric ;  and  they  convey  to  the  placenta  the 


Fig.  171.  Fig.  172. 


Fig.  1/1 , — Diagram  of  the  Circulation  in  the  Human  Embryo  and  its  Appendages,  as  seen  in 
profile  from  the  right  side,  at  the  commencement  of  the  formation  of  the  Placenta: — a,  venous 
sinus  receiving  all  the  systemic  veins;  b,  right  auricle;  b',  left  auricle;  c,  right  ventricle; 
d,  bulbus  aorticus,  subdividing  into  e,  e',  e",  branchial  arteries ;  /,  arterial  trunk  formed  by 
their  confluence;  g,  vena  azygos  superior;  h,  confluence  of  the  superior  and  inferior  azygos; 
j,  vena  cava  inferior;  k,  vena  azygos  inferior;  m,  descending  aorta;  n,  n,  umbilical  arteries  pro- 
ceeding from  it;  o,  umbilical  vein  ;  q,  omphalo-mesenteric  vein ;  r,  omphalo-mesenteric  artery, 
distributed  on  the  walls  of  the  vitelline  vesicle  t;  v,  ductus  venosus;  y,  vitelline  duct;  z,  chorion. 

Fig,  172. — The  same,  as  seen  from  the  front, 

l)lood  which  has  to  be  aerated  and  otherwise  revivified,  by  being  brought 
into  relation  with  that  of  the  mother.  The  vein  returns  this  to  the 
foetus,  and  discharges  a  part  of  it  into  the  Vena  Porta3,  and  a  part 
directly  through  the  Ductus  Venosus  into  the  Vena  Cava. 

1003.  A  change  in  the  type  of  the  Circulating  system  of  the  foetus,  from 

'  that  at  first  presented  by  it  (§  1000),  takes  place  at  a  very  early  period. 
At  about  the  4th  week,  in  the  Human  Embryo,  a  septum  begins  to  be 

1  formed  in  the  ventricle;  and  by  the  end  of  the  8th  week  it  is  complete. 

'  The  septum  auriculorum  is  formed  at  a  somewhat  later  period,  and  it 

J  remains  incomplete  during  the  whole  of  foetal  life;  it  is  partly  closed  by 
the  valvular  fold  covering  the  foramen  ovale,  which  fold  is  developed 
in  the  3rd  month.  During  the  same  period,  a  transformation  takes 
place  in  the  an*angement  of  the  large  vessels  proceeding  from  the  heart ; 
wliicli  ends  in  their  assumption  of  the  form  they  present  until  the  end  of 
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Foetal  life;  and  this  undergoes  but  a  slight  alteration,  when  the  plan  of 
the  circulation  is  changed  at  the  moment  of  the  first  inspiration.  The 
number  of  aortic  arches  on  each  side,  which  was  five  at  first,  soon  becomes 
reduced  in  the  Mammalia  to  three,  by  the  obhteration  of  the  two  highest 
pairs.  The  '  bulbus  aorticus'  is  subdivided,  by  the  adhesion  of  its  walls 
at  opposite  points,  into  two  tubes,  of  which  one  becomes  the  Aorta  and 
the  other  the  Pulmonary  Artery :  and  of  the  three  pairs  of  (branchial) 
arches,  the  highest,  being  connected  with  the  aortic  trunk,  contributes  to 
the  formation  of  the  Subclavian  and  Carotid  arteries ;  whilst  of  the  middle 
pair,  the  arch  on  the  right  side  is  obliterated,  and  the  other  becomes  the 
'  arch  of  the  aorta.'  The  lowest  j)air  arises  from  the  Pulmonaiy  trunk, 
and  forms  the  right  and  left  Pulmonary  arteries ;  that  on  the  left  side, 
however,  goes  on  to  join  the  descending  aorta  as  before,  and  thus  consti- 
tutes  the  Ductus  Arteriosus.  A  knowledge  of  these  diff'erent  stages  in 
the  development  of  the  Heart  and  Arterial  system  enables  us  to  explain 
many  of  the  malformations  which  they  occasionally  present  in  Man;  these 
being  for  the  most  part  due  to  arrest  of  development,  whereby  the  circu- 
lating apparatus  is  permanently  fixed  in  conditions  that  are  properly 
characteristic  of  cold-blooded  animals.  And  it  is  interesting  to  remai-k, 
too,  that  the  vai'ieties  Avhich  not  unfrequently  present  themselves  in  the 
arrangement  of  the  principal  trunks  given-ofF  from  the  Aorta,  find  their 
analogues  in  the  ai'rangements  that  are  normally  characteristic  of  some 
or  other  of  the  Mammalia.* — The  Venous  system  undergoes  changes 
which  are  even  more  remarkable  than  those  of  the  arterial  trunks.  In 
its  earliest  condition,  it  has  been  ascertained  by  Rathket  to  present 
essentially  the  same  type  in  the  embryoes  of  all  Vertebrated  animals,  the 
peculiarities  of  each  group  being  acquired  by  a  process  of  subsequent 
transformation.  There  is  at  first  a  pair  of  anterior  venous  trunks  (Figs. 
170,  171,  g,  ff'),  receiving  the  blood  from  the  head,  and  a  pair  of  pos- 
terior trunks  {k,  k'),  formed  by  the  confluence  of  the  veins  of  the  trunk, 
Wolflian  boches,  &c. ;  the  former  are  persistent  as  the  jugular  veins ;  the 
latter  remain  sepai-ate  in  most  Fishes,  where  they  are  designated  the  car- 
dinal veins ;  but  in  Man  (as  in  warm-blooded  Vertebrata  generally)  they 
are  only  represented  by  the  vence  azygos,  major  and  minor,J  which 
coalesce  into  a  common  trunk  for  a  considerable  part  of  their  length. 
One  of  the  anterior  trunks  and  one  of  the  posterior  unite  on  either 
side,  to  form  a  canal  which  is  known  as  the  Ductus  Cuvieri ;  and  the 
ducts  of  the  two  sides  coalesce  to  form  a  shorter  main  canal,  which 
enters  the  auricle,  at  that  time  an  undivided  ca^dty.  This  common  canal 
is  absorbed  into  the  auricle  at  an  early  period,  in  all  Vertebrata  above 
Fishes;  and  after  the  septum  auriculorum  is  formed,  the  two  Cuvicrian 
ducts  separately  enter  the  right  auricle.  This  arrangement  is  persistent 
in  Birds  and  the  inferior  Mammals,  in  which  we  find  two  Vente  Cav£c 
superiores,  entering  the  right  auricle  separately;  but  in  the  higher  Mam- 
malia and  in  Man,  the  left  duct  is  obliterated  and  the  right  alone  remains 
as  the  single  Vena  Cava  superior,  a  transverse  communicating  braiicn 
being  formed,  to  bring  to  it  the  blood  of  the  left  side.§  The  double  \ena 

»  See  "  Princ.  of  Pliys,,  Gen.  and  Coinp.,"  $§  491,  492.  „ 
t  "  Ueber  den  Ban  und  die  Entwickclung  dcs  Vcnensystenis  der  Wirbclthicrc, 
X  See  Miiller's  "  Vcrleichende  Anatomic  der  Myxinoiden,"  Berlin,  1840.  ,r„„],„il 
§  The  stages  of  this  transformation  have  been  particularly  well  made  out  by  Mr-  -i^i"' 
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'ava  sometimes  presents  itself  as  a  monsti^osity  in  the  Human  subject. 
3  tlie  anterior  extremities  are  developed,  the  subclavian  veins  are 
-rmed  to  return  the  blood  from  them ;  and  these  discharge  themselves 
•ito  the  jugulars.     The  Omphalo-Mesenteric  vein  (§  999),  which  is 
luother  primitive  trunk  common  to  all  Vertebrata,  is  formed  by  the 
)ufluence  of  the  veins  of  the  yolk-bag  and  intestinal  canal,  and  passes  by 
cself,  with  the  two  Cuvierian  ducts,  into  the  auricle.    The  upper  part 
>f  this  remains  to  constitute  the  upper  part  of  the  Inferior  Cava  (Figs. 
171,  172,  j),  the  lower  portion  of  which  arises  between  the  Wolfi&an 
lodies,  and  originally  enters  the  omphalo-mesenteric  vein  above  the 
iver.    "When  the  liver  is  formed,  the  omphalo-mesenteric  vein  becomes 
connected  with  it  both  by  aflferent  and  by  efferent  trunks,  the  former 
•emaining  as  the  Vena  Portae,  and  the  latter  as  the  Hepatic  vein ;  and 
ifter  giving  off  the  former  tmnks,  the  omphalo-mesenteric  vein  is  itself 
obliterated,  so  that  all  the  blood  which  it  conveys  passes  through  the 
iver.    The  Inferior  Cava,  which  receives  the  hepatic  vein,  is  gradually 
enlarged  by  the  reception  of  most  of  the  veins  from  the  inferior  part  of 
:he  trunk  and  the  lower  extremities,  and  the  vena  azygos  is  reduced  in 
the  same  proportion;  in  some  rare  cases  of  abnormal  formation,  however, 
the  vena  cava  fails  to  be  developed,  and  then  the  blood  from  the  lower 
[•arts  of  the  body  is  conveyed  to  the  superior  cava  through  the  system  of 
the  vena  azygos.    The  Umbilical  Vein  is  to  be  regarded  as  a  product  of 
the  combination  of  the  veins  of  the  allantois  with  an  anterior  vein  of  the 
ibdominal  parietes;  it  being  probably  through  this  latter  channel  that  it 
comes  to  discharge  itself  into  the  vena  portse,  which  lies  in  a  part  of  the 
l)ody  veiy  distant  from  that  at  which  the  allantois  was  developed.  As 
[lie  omphalo-mesenteric  vein  diminishes  in  size,  the  umbilical  vein  in- 
■reases,  becoming  the  chief  source  of  supply  to 'the  vena  portse;  and  it 
dso  forms  an  anastomosis  with  the  inferior  cava,  which  constitutes  the 
Ductus  Venosus. 

1004.  The  following  is  the  course  of  the  Circulation  in  the  mature 
I  'oetus. — The  fluid  brought  from  the  placenta  by  the  umbilical  vein  is 
partly  conveyed  at  once  to  the  ascending  Cava  by  means  of  the  ductus 
venosus,  and  partly  flows  through  the  vena  portte  into  the  Liver,  whence 
it  reaches  the  ascending  Cava  by  the  hej^atic  vein.  Having  thus  been  trans- 
mitted through  the  two  great  depurating  organs,  the  Placenta  and  the 
footal  Liver,  it  is  in  the  condition  of  arterial  blood ;  but,  being  mixed  in 
the  vessels  with  that  which  has  been  returned  from  the  trunk  and  lower 
'■x'tremitics,  it  loses  this  character  in  some  degree,  by  the  time  that  it 
i'rives  at  the  Heart.  In  the  right  auricle,  which  it  then  enters,  it  would 
l»G  also  mixed  with  the  venous  blood  brought  thither  by  the  descending 
Cava;  were  it  not  that  a  very  curious  provision  exists,  to  prevent  (in 
ui'eat  degree,  if  not  entirely)  any  such  further  dilution.  The  Eustachian 
\  alve  has  been  found,  by  the  experiments  of  Dr.  J.  Eeid,*  to  serve  the 
l)urpose  of  directing  the  arterial  blood,  which  flows  upwards  from  the 
"scendinf/  Cava,  through  the  foramen  ovale,  into  the  left  auricle,  whence  it 

in  his  elaborate  Memoir  '  On  the  Development  of  the  Great  Anterior  Veins  in  Man  and 
Mammalia'  ("  Phil. Trans.,"  1!!50) ;  and  he  has  further  shown  that  some  vestiges  of  the  origi- 
nal arrangement  n)ay  be  traced  even  in  the  normal  condition  of  the  venoussystem  in  tlic  adult. 

*  "  Edinb.  Med.  and  Surg.  Journal,"  vol.  xliii. ;  and  "Anat.,  Piiysiol.,  and  Pathol. 
Hpsearches,"  Chap.  ix. 
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Fig.  173.  passes  into  the  /e/i!  ventricle;  whilst 

it  also  directs  the  venous  blood,  that 
has  been  returned  by  the  descending 
Cava,  into  the  right  ventricle.  When 
the  ventricles  contract,  the  arterial 
blood  which  the  left  contains  is  pro- 
pelled into  the  ascending  Aorta,  and 
supplies  the  branches  that  proceed  to 
the  head  and  upper  extremities,  be- 
fore it  undergoes  any  admixture; 
whilst  the  venous  blood,  contained  in 
the  right  ventricle,  is  forced  through 
the  Pulmonary  artery  and  Ductus 
Arteriosus  into  the  descending  Aorta, 
mingling  with  the  arterial  cun-ent 
which  that  vessel  previously  conveyed, 
and  passing  thus  to  the  trunk  and 
lower  extremities.    Hence  the  head 
and  superior  extremities,  whose  deve- 
lopment is  required  to  be  in  advance 
of  that  of  the  lower,  are  supplied  with 
blood  nearly  as  j^ure  as  that  which 
returns  from  the  placenta;  whilst  the 
rest  of  the  body  receives  a  mixture 
of  this  with  what  has  previously 
ch'culated  through  the  system ;  and 
of  this  mixture  a  portion  is  trans- 
mitted to  the  placenta,  to  be  reno- 
vated by  coming  into  relation  with  the 
maternal  fluid.    At  birth,  the  course 
of  the  current  is  entirely  changed 
by  its   diversion  into  the  Lungs, 
which  takes  place  immediately  on 
the  first  inspiration.     The  Ductus 
Venosus  and  Ductus  Arteriosus  soon 
shrivel  into  ligaments;  the  Foramen 
Ovale  becomes  closed  by  its  valve; 
and  the  circirlation,  which  was  before 

from  8,  to  9,  the  left  auricle.    10.  The  left  ven"-  Carried  OU  UpOU  the  plan  of  that  of 

tricle ;  the  blood  follo\ving  the  arrow  to  the  arch  the  higher  ReptilcS,  UOW  bcCOmCS  that 
of  the  aorta  (11),  to  be  distributed  through  the      c  ±.^  i         it  j  TVir.^„..r.iol 

branches  given  off  by  the  arch  to  the  head  and  Ot    the    Complete   Jiu'd  Or  MamnicU. 

upper  extremities.  The  arrovv  12  and  13,  repre-  J^;  jg  j^q  mcaUS  UnfrcqUCnt,  hoW- 
sent  the  return  of  the  blood  from  the  head  and  >'  p  j       l  on+ 

upper  extremities  through  the  jugular  and  sub-  eVCr,  lOr  SOme  arrCSt  01  aevelopilieui 

clavianveins,  to  the  superior  vena  cava  (14),  to  the  j.     T-)v,pvpnt  the   mmnletiou  of  theSC 
right  auricle  (8),  and  m  the  course  of  the  arrow         preveui  tno  COUipiKLluu 

through  the  right  ventricle  (15),  to  the  puimonar)'  changes;  and  various  malformations, 

artery  (16).    17.  The  ductus  arteriosus,  which  ap-    .P.  .  „    ,    ji-  „i,„vo-p  of 

pears  to  be  a  proper  continuation  of  the  pulmonary   mvolviug  au  imperlcct  dlSCHaige  W 
artery;  the  offsets  at  each  side  are  the  right  and   ^J^g  fuUCtion,  maV  heUCC  rCSult. 
left  pulmonary  artery  cut  off ;  these  are  of  ex-  '  J 

tremely  small  size  as  compared  with  the  ductus  .  .    .i  g 

arteriosus.    The  ductus  arteriosus  joins  the  descending  aorta  (18,  18),  which  dmeics  ■ 
common  iliacs,  and  these  into  the  internal  iliacs,  which  become  the  umbilical  arteries  ' 
return  the  blood  along  the  umbilical  cord  to  the  placenta,  and  external  iliacs  (20),  whicn  "™  f^" 
tinued  into  the  lower  extremities.    The  arrows  at  the  termination  of  these  vessels  mark  tne  rci 
of  the  venous  blood  by  the  veins  to  the  inferior  cava. 


u  u 


The  Foetal  Circulation:— I.  The  umbilical  cord 
consisting  of  the  umbilical  vein  and  two  umbilical 
arteries;  proceeding  from  the  placenta  (2).  3.  The 
umbilical  vein  dividing  into  three  branches;  two 
(4,  4)  to  be  distributed  to  the  liver;  and  one  (5), 
the  ductus  venosus,  which  enters  the  inferior  vena 
cava  (6).  7.  The  portal  vein,  returning  the  blood 
from  the  intestines,  and  uniting  with  the  right 
hepatic  branch.  8.  The  right  auricle;  the  course 
of  the  blood  is  denoted  by  the  arrow  proceeding 


DEVELOPMENT  OF  THE  EMBRYO. 


1037 


Fig,  174. 


1005.  The  Alimentary  Canal  has  been  shown  (§  997)  to  have  its  origin 
1  the  blastodermic  vesicle ;  being  a  portion  pinched  off  (as  it  were)  frona 
lat  pai't  of  it  which  is  just 
oueath  the  spinal  column 
t'  the  embryo,  whilst  the 
emainder,  which  is  at  that 
line  the  largest  part  of  it, 
jrms  the  vitelline  or  umbi- 
:cal  vesicle.  In  its  earliest 
Drm,  it  is  merely  a  long 
arrow  tube  (Fig.  174,  m), 
early  straight,  and  com- 
(umicating  with  the  umbi- 
leal  vesicle  {n,  n)  at  about 
lie  middle  of  its  length; 
luis  it  may  be  regarded  as 
omposed  of  the  union  of 
wo  divisions,  an  upper  and 

lower.  At  first,  neither 
aouth  nor  anus  exists;  but 
liese  are  formed  early  in 
he  second  month,  if  not 

p  TViQ  +  ^11         Embryo  of  Dog,  25  days  after  last  copulation ;— a,  a, 

101  e.     ine  tUOe  graauaily  nostrils;  b,  b,  eyes;  c,  c,  first  visceral  arch,  forming  the  lower 

uanifestS  a  distinction  into  J^^;  rf,  d,  second  visceral  arches ;  e,  right  auricle  ;  /Jeft  auricle; 

.  ,  j^,  right  ventricle;  /i,  left  ventricle  ;  t,  aortic  bulb ;  Af,  «,  liver, 

;S  special  parts,  oesophagus,  between  the  two  lobes  of  which  is  seen  the  divided  orifice  of  the 

fnmonVi      cTYinll      i'ti+qo+i*vi n  omphalo-mesenteric  vein  ;/,  stomach;  m,  intestine,  communi- 

uOmacn,     small     intestine,  editing  with  the  umbilical  vesicle  n.w;   0,0,  corpora  Wolfiiana; 

nd    lai'ge    intestine;     and  P,  allantols;    q,  q,  anterior  extremities;  r,  r,  posterior  ex- 

he  first  change  in  its  posi-  *  ' 

ion  occurs  in  the  stomach,  which,  from  being  disposed  in  the  line 
>f  the  body,  takes  an  oblique  direction.  The  curves  of  the  large 
nd  small  intestines  present  themselves  at  a  later  period.  It  is  at  the 
iwer  part  of  the  small  intestine,  near  its  termination  in  the  large, 
hat  the  entrance  of  the  vitelline  duct  exists;  and  a  remnant  of  this 
■anal  is  not  unfrequently  preserved  throughout  life,  in  the  form  of  a 
maU  pouch  or  diverticulum  from  that  part  of  the  intestine.  —  In 
lumediate  connection  with  the  intestinal  tube,  we  find  the  first  rudi- 
uent  of  the  Liver,  which  is  formed  by  the  thickening  of  the  cells  in  the 
^■all  of  the  canal,  at  the  spot  at  which  the  hepatic  duct  is  subsequently 
o  discharge  itself  This  thickening  increases,  so  as  to  form  a  projection 
ipon  the  exterior  of  the  canal;  and  soon  afterwards  the  lining  mem- 
jrane  of  the  intestine  dips  down  into  it,  so  that  a  kind  of  ctecum  is 
'trmed,  surrounded  by  a  mass  of  cells,  as  shown  in  Fig.  175.  The  in- 
■I'easc  of  the  organ  seems  to  take  place  by  a  continual  new  budding -forth 
f  cells  from  its  peripheral  portion ;  and  a  considerable  mass  is  thus 
'n-med,  before  the  c£ecum  in  its  interior  undergoes  any  extension  by 
ami fi cations  into  it.  Gradually,  however,  the  cells  of  the  exterior  become 
uetamorphosed  into  fibrous  tissue  for  the  investment  of  the  organ;  those 
f"  the  interior  break  down  into  ducts,  which  are  developed  in  continuity 

ith  the  cajcum  derived  from  the  intestine,  and  which  are  lined  by 
nnscular  and  fibrous  tissues  developed  from  the  primitive  cellular  blas- 

ina;  whilst  those  which  occupy  the  intervening  space,  and  which  form 
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tlie  bulk  of  the  gland,  give  origin  to  the  proper  secreting  cells,  which 
are  now  to  come  into  active  operation.    As  this  is  going  on,  the  hepatic 

mass  is  gradually  removed  to  a 
Fig.  175.  distance  from  the  wall  of  the  ali- 

mentary canal ;  and  the  caecum  is 
narrowed  and  lengthened,  so  as  to 
become  a  mere  connecting  pedicle, 
forming,  in  fact,  the  main  truuk  of 
the  hepatic  duct.  In  the  Human 
embryo,  the  formation  of  the  liver 
begins  at  about  the  third  week  of 
intra-uterine  existence;  the  organ 
is  from  the  first  of  very  large  size, 
when  compai-ed  with  that  of  the 

Origin  of  the  Liver  from  the  intestinal  wall,  in  the  i     j            j   \    ±           j.i          •   i  i 

enihrvo  of  the  Fowl,  on  the  fourth  day  of  inrubation  :  L)Oay ;  and  between  the  thU'd  aild 

— n,  iicart;  A,  intestine ;   c   everted  portion  giving  the  fifth  WCCks,  it  is  OUC-half  the 

origin  to  liver;  a,  liver;  e,  portion  of  vitelline  vesicle.  •  i  ,     o    i  • 

weight  01  the  entn-e  embiyo.  It 
is  at  that  period  divided  into  several  lobes.  By  the  third  lunar 
month,  the  liver  extends  nearly  to  the  pelvis,  and  almost  fills  the 
abdomen;  the  right  side  now  begins  to  gain  upon  the  left;  the  gall- 
bladder begins  to  appear  at  this  time.  The  subsequent  changes  chiefly 
consist  in  the  consolidation  of  the  viscus,  and  the  diminution  of  its  pro- 
portional size.  Up  to  the  period  of  birth,  however,  the  bulk  of  the  fiver, 
relatively  to  that  of  the  entire  body,  is  much  greater  than  in  the  adult; 
the  jDroportion  being  as  1  to  18  or  20  in  the  new-bom  child,  whilst  it  is 
about  1  to  3 G  in  the  adult;  and  the  difference  between  the  right  and  left 
sides  is  still  inconsiderable.  During  the  first  year  of  extra-uterine  life, 
however,  a  great  change  takes  place ;  the  right  lobe  increases  a  little  or 
remains  stationary,  whilst  the  left  lobe  undergoes  an  absolute  diminution, 
being  reduced  nearly  one-half ;  and  as,  during  the  same  period,  the  bulk 
of  the  rest  of  the  body  has  been  rapidly  increasing,  the  projjortion  is  much 
more  reduced  during  that  period,  than  in  any  subsequent  one  of  the  same 
length.  According  to  Meckel,  the  liver  of  the  newly-born  infant  weighs 
one-fourth  heavier  than  that  of  a  child  of  eight  or  ten  months  old;  and 
as  the  weight  of  the  whole  body  is  more  than  doubled  during  the  same 
time,  it  is  obvious  that  the  change  in  the  proportion  of  the  two  must  be 
principally  effected  at  this  epoch.  The  liver  seems  to  be  actively  en- 
gaged, during  fojtal  life,  in  the  depuration  of  the  blood  (as  appeal's  fi:ora 
the  accumulation  of  meconium,  which  is  chiefly  altered  bile,  iu  the 
intestinal  canal  at  birth),  whilst  at  the  same  time  it  is  serving  as  a  blood- 
making  organ  (§  150  note). — The  general  history  which  has  just  been 
given  of  the  development  of  the  Liver,  seems  equally  applicable  to  the 
other  glands  that  are  evolved  from  the  parietes  of  the  Alimentary  canal, 
such  as  the  Salivary/  glands  and  Pancreas;  since  they  all  seem  to  com- 
mence in  little  masses  of  cells,  formed  by  an  increased  development, 
at  certain  spots,  of  the  layer  of  blastema  which  originally  constitutes  its 
wall ;  and  whilst  some  of  these  cells  give  origin  to  the  proper  tissues  o 
each  gland,  others  form  its  ducts  and  tubuli  by  their  deliquescence. 

1006.  The  Lungs  also  are  developed  in  immediate  relation  Avith  the 
upper  part  of  the  Alimentary  canal,  their  first  rudiments  shootiug  fort 
as  a  pair  of  bud-like  processes  (Fig.  17G,  a)  from  its  oesophageal  portion. 
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Hiese  were  originally  described  by  Von  Bar  as  hollow,  and  as  in  reality 
fiverticula  from  the  tube  itself.  13ut  most  later  observers  agree  in  stating 
hat  the  bud-like  processes  are  not  at  first  hollow,  but  are  solid  aggrega- 
ious  of  cells,  formed  by  a  multiplication  of  the  cells  constituting  the 
o^ternal  waU  of  the  alimentary  tube,  into  which  its  internal  tunic  is  not 
[)rolonged.  These  gradually  increase  in  size,  extending  downwards  by  the 
;  multiplication  of  their  component  cells  in  that  direction  j  and  cavities  are 
formed  in  them  (probably,  as  in  the  preceding  instances,  by  the  deli- 
quescence or  fusion  of  some  of  the  cells  of  their  interior),  which  at  first 
communicate  with  the  pharynx  by  separate  apertures ;  these,  however, 
■oalescing  into  one,  as  the  channels  are  elongated  into  tubes,  and  the 
pulmouai-y  organs  are  removed  to  a  distance  from  their  point  of  exit. 
This  process  commences,  in  the  Chick,  about  the  4th  day  of  incubation ; 
md  on  the  5th  or  6th,  the  lungs  are  completely  detached  from  the  ceso- 
[.bagus,  and  each  has  its  own  bronchial  tube  connecting  it  with  the 
:rachea  common  to  both  (Fig.  176,  b).  The  upper  portion  of  the  lung 
lias  much  thicker  walls  than  the 

lower;  and  these  appear  to  con-  Yig.  176. 

,  tain  a  large  quantity  of  vesicular 

:  parenchyma,  in  which  the  ramifi- 

;  I  cations  of  the   bronchial  tubes 

•-subsequently  extend  themselves. 
About  the  tenth  or  eleventh  day 
jf  incubation,  these  ramifications 
jossess  nearly  their  permanent 

u  jhai'acter  and  situation.  The  first 

:  :race  of  the  Glottis  appears  about 
he  fifth  day;  it  is  then  a  mere 
ilit  in  the  walls  of  the  oesophagus, 
resembling  that  by  which  the  ductus  pneumaticus  of  some  Fishes  opens 
ito  the  alimentary  canal.    The  formation  of  the  cartilaginous  rings  of 
he  trachea  does  not  commence  until  after  the  twelfth  day,  when  they 
iret  appear  as  transverse  strise  on  the  median  line  of  the  front  only;  they 
^a-adually  become  solid,  and  extend  themselves  on  either  side,  until  at 
last  they  nearly  meet  on  the  median  line,  on  the  back  or  vertebral  side  of 
the  tube. — The  history  of  the  process,  in  the  Human  embryo,  ajijpears  to 
')e  very  nearly  the  same.    The  first  appearance  of  the  Lungs  takes  place 
it  about  the  6th  week,  at  which  time  they  are  simple  elevations  of  the  ex- 
jiHal  layer  of  the  oesophageal  wall.  Their  surface,  however,  soon  becomes 
studded  with  numerous  little  wart-like  projections;  and  these  are  caused 
liy  the  formation  of  corresponding  enlargements  of  their  cavity.  These 
ulargements  soon  become  prolonged,  and  develope  con-esponding  bud- 
ikc  enlargements  from  their  sides;  and  in  this  manner,  the  form  of  the 
irgans  is  gradually  changed,  a  progressive  increase  in  their  bulk  taking 
[)lace  from  above  downwards,  in  consequence  of  the  extension  of  the 
bronchial  ramifications  from  the  single  tube  at  the  apex.    At  the  same 
Lime,  however,  a  corresponding  increase  in  the  amount  of  the  parenchy- 
laatous  tissue  of  the  lung  is  taking  place;  for  this  is  dci^osited  in  all  the 
uterstices  between  the  bronchial  ramifications,  and  might  be  compared 
with  the  soil  filling  up  the  spaces  amongst  the  roots  of  a  tree.    It  is  in 
his  parenchyma  that  the  pulmonary  vessels  are  distributed;  and  the 


•a 


First  appearance  of  the  Lungs : — a,  in  a  Fowl  at  four 
days;  b,  in  a.^owl  at  six  days;  c,  termination  of 
bronchus  in  a  very  Joung  Pig. 
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portion  of  it  which  extends  beyond  the  terminations  of  the  bronchial 
tubes,  seems  to  act  as  the  nidus  for  their  further  extension.  It  can  be 
easily  shown  that,  up  to  a  late  period  of  the  development  of  the  luugs, 
the  dilated  terminations  of  tlie  bronchi  constitute  the  only  air-cells 
(Fig.  176,  c);  but,  as  already  mentioned,  the  parenchyma  subsequently 
has  additional  cavities  formed  within  it. — It  is  a  fact  of  some  interest,  as 
an  example  of  the  tendency  of  certain  diseased  conditions  to  produce  a 
return  to  forms  which  are  natural  to  the  foetal  organism,  or  which  present 
themselves  in  other  animals,  that  up  to  a  late  period  in  the  develop- 
ment of  the  Human  embryo,  the  lungs  do  not  nearly  fill  the  cavity  of  the 
chest,  and  the  pleura  of  each  side  contains  a  good  deal  of  serous  fluid. 

1007.  The  embryological  development  of  the  Urinary  organs  in  Ver- 
tebra ted  animals  is  a  subject  of  peculiar  interest;  owing  to  the  correspon- 
dence which  may  be  traced  between  the  transitory  forms  they  present  in 
the  higher  classes,  and  their  permanent  condition  in  the  lower.  In  this 
respect,  there  is  an  evident  analogy  with  the  Kespiratory  system.  The 
first  appearance  of  anything  resembling  a  Urinary  apparatus  in  the  Chick, 
is  seen  on  the  second  half  of  the  third  day.  The  form  at  that  time  pre- 
sented by  it,  is  that  of  a  long  canal,  extending  on  each  side  of  the  spinal 
column,  from  the  region  of  the  heart,  towards  the  allantois  (Fig.  174,  o,  o); 
on  the  sides  of  this,  are  a  series  of  elevations  and  depressions,  indicative  of 
the  incipient  development  of  caeca.  On  the  4th  day,  the  Corpora  Wolfiana, 
as  they  are  then  termed,  are  distinctly  recognized  as  composed  of  a  series 
of  oa3cal  appendages  which  are  attached  along  the  whole  course  of  the 
first-mentioned  canal,  ojiening  into  its  outer  side  (Fig.  177  a).    On  the 

5th  day,  these  appendages  are  convoluted;  and 
the  body  which  they  form  acquires  increased 
breadth  and  thickness.   They  evidently  then  pos- 
sess a  secreting  function,  and  the  fluid  which  they 
separate  is  poured  by  their  long  straight  canals 
(h,  h)  into  the  cloaca.    Between  their  component 
shut  sacs,  numbers  of  small  points  appear,  which 
consist  of  little  clusters  of  convoluted  vessels, 
exactly  analogous  to  the  Corpora  Malpighiana  of 
the  true  kidney.    These  bodies  remain  as  the 
permanent  urinary  organs  of  Fishes ;  but  in  the 
higher  Vertebrata  they  give  place  to  the  true 
Kidneys,  the  development  of  which  commences  in 
the  Chick  about  the  5th  day.    These  ai-e  seen 
on  the  6th  day,  as  lobulated  greyish  masses  (c), 
Avhich  seem  to  sprout  from  the  outer  edges  of 
the  Wolffian  bodies,  but  which  are  really  inde- 
pendent formations,  springing  from  a  mass  of  blas- 
tema behind  them ;  and  as  they  gradually  increase 
in  size  and  advance  in  development,  the  "\^oII- 
fian  bodies  retrograde;  so  that  at  the  end  of  fa3t<a 
life,  the  only  vestige  of  them  is  to  be  found  as  a  shrunk  rudiment,  situated 
(in  the  male)  near  the  testes.— The  history  of  the  development  of  the  Uri- 
nary organs  in  the  Human  embryo,  seems  to  correspond  closely  with  tue 
foregoing.  The  Wolffian  bodies  begin  to  appear  towards  the  end  of  the  hrst 
month :  and  it  is  in  the  course  of  the  7th  week,  that  the  true  Kidneys 


Fig.  177. 


State  of  the  Urinary  undi  Geni- 
tal Appiiratus  in  the  early  em- 
bryo of  the  Bird  :  —  a,  corpora 
Wolffiana;  b,  b,  their  excretory 
ducts;  c,  kidneys;  d,  ureter; 
e,  e,  testis. 
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first  present  themselves.    From  the  beginning  of  the  3rd  month,  the 
diminution  in  the  size  of  the  Wolffian  bodies  goes  on  pari  passu  with  the 
increase  of  the  Kidneys ;  and  at  the  time  of  birth,  scarcely  any  traces  of  the 
former  can  be  found.     At  the  end  of  the  3rd  month,  the  kidneys  consist 
of  seven  or  eight  lobes,  the  futm-e  pyramids ;  their  excretory  ducts  still 
terminate  in  the  same  canal,  which  receives  those  of  the  "Wolffian  bodies 
and  of  the  sexual  organs;  and  this  opens,  with  the  rectum,  into  a  sort  of 
cloaca,  or  sinus  urogenitalis,  analogous  to  that  which  is  permanent  in  the 
oviparous  Vertebrata.    The  Kidneys  are  at  this  time  covered  by  the 
Supra-Renal  capsules,  which  equal  them  in  size;  about  the  6th  month, 
liowever,  these  have  decreased,  whilst  the  kidneys  have  increased,  so  that 
their  proportional  weight  is  as  1  to  2i.    At  birth,  the  weight  of  the 
Kidneys  is  about  three  times  that  of  the  Supra-Renal  capsules,  and  they 
bear  to  the  whole  body  the  proportion  of  1  to  80  j  in  the  adult,  however, 
they  are  no  more  than  1  to  240.    The  Corpora  Wolffiana  are,  when  at 
theu-  gi-eatest  development,  the  most  vascular  parts  of  the  body  next  to 
the  liver;  fom-  or  five  branches  from  the  aorta  are  distributed  to  each, 
and  two  veins  are  returned  from  each  to  the  vena  cava.    The  upper  veins 
md  thek  coiTesponding  arteries  are  converted  into  the  Renal  or  emulgent 
vessels ;  and  the  lower  into  Spermatic  vessels.    The  lobulated  appearance 
of  the  kidney  gradually  disappears ;  partly  in  consequence  of  the  con- 
I  densation  of  the  areolar  tissue  which  connects  its  different  portions,  and 
i ;  partly  through  the  development  of  additional  tubuli  in  the  interstices. 
!  iThe  Urinary  Bladder  is  formed  quite  independently  of  the  secreting  appa- 
i  '  ratus,  being  a  part  of  the  allantois,  which  itself  serves  as  the  receptacle 
•  for  the  urinary  secretion  formed  by  the  Corpora  Wolffiana.    The  part  of 
he  tube  below  this  forms  the  Cloaca,  or  common  termination  of  the 
utestinal  and  vesical  apparatus.     The  sides  of  this  cloaca,  however, 
rraduaUy  approach  one  another,  so  as  to  form  a  transverse  partition, 
ivhich  separates  the  Rectum  from  the  Genito-urinary  canal;  and  the 

Irirethra  of  the  female  is  afterwards  separated  fi'om  the  Vagina  by  a  similar 
iDrocess. 
1008.  The  essential  parts  of  the  Generative  Apparatus,  namely,  the 
'  Testes  in  the  male,  and  the  Ovaria  in  the  female,  are  first  developed  in 
inmediate  proximity  with  the  Corpora  Wolffiana  (Fig.  177,  e,  e),  and 
!  lave  been  supposed  to  sprout  forth  from  them ;  this,  however,  is  not 
ally  the  case,  as  they  have  an  independent  origin  in  a  mass  of  blastema 
■oculiar  to  themselves.    They  make  their  first  appearance  in  the  Chick 
tl)0ut  the  fom-th  day,  as  delicate  strise  on  the  Wolffian  bodies;  and  at 
liis  period  no  difference  can  be  detected  between  the  Testes  and  the 
k'Jvaria,  which  originate  in  precisely  the  same  manner.    Like  the  kidneys, 
he  germ-preparing  organs  increase  in  proportion  with  the  diminution  in 
lie  temporary  structures;  at  first,  their  efferent  ducts  open  into  those  of 
f  he  Wolffian  bodies,  but  they  are  subsequently  separated  by  the  formation 
if  a  partition,  like  that  which  separates  the  rectum  from  the  cloaca.  In  the 
kiman  embryo,  the  rudiments  of  the  sexual  organs, — whether  testes  or 

i>varia, — first  present  themselves  soon  after  the  kidneys  make  their  appear- 
mcc,  that  is,  towards  the  end  of  the  7  th  week.  They  arc  at  first  much 
)rolonged,  and  seem  to  consist  of  a  kind  of  soft,  homogeneous  blastema, 
II  which  the  structure  characteristic  of  each  subsequently  developes  itself, 
lie  Testis  gradually  assumes  its  permanent  form;  the  epididymis  appears 
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in  the  tenth  week ;  and  the  gubernaculum  (a  membranous  process  from 
the  filamentous  tissue  of  the  scrotum,  analogous  to  the  round  ligament 
arising  from  the  labium  and  attached  to  the  ovary  of  the  female),  wliich 
is  originally  attached  to  the  vas  deferens,  gradually  fixes  itself  to  the  lower 
end  of  the  testis  or  epididymis.  The  Testes  begin  to  descend  at  about 
the  middle  period  of  pregnancy ;  at  the  seventh  month  they  reach  the 
inner  ring;  in  the  eighth  they  enter  the  passage;  and  in  the  ninth  they 
usually  descend  into  the  scrotum.  The  cause  of  this  descent  is  not  veiy 
clear  :  it  can  scarcely  be  due  merely,  as  some  have  supposed,  to  the  conr 
traction  of  the  gubernaculum ;  since  that  does  not  contain  any  fibrous 
structure,  until  after  the  lowering  of  the  testes  has  commenced.  It  is 
well  known  that  the  testes  are  not  always  found  in  the  scrotum  at  the 
time  of  birth,  even  at  the  full  period.  Upon  an  examination  of  97  new- 
born infants,  Wrisberg  found  both  testes  in  the  scrotum  in  67,  one  or 
both  in  the  canal  in  17,  in  8  one  testis  in  the  abdomen,  and  in  3  both 
testes  within  the  cavity.  Sometimes  one  or  both  testes  remain  in  the 
abdomen  during  the  whole  of  life ;  but  this  circumstance  does  not  seem  to 
impair  their  function.  This  condition  is  natural,  indeed,  in  the  ram. — The 
Ovary  undergoes  much  less  alteration,  either  in  its  intimate  stmcture,  or 
in  its  position.  The  efierent  canal  of  the  genital  apparatus,  which  in  the 
male  forms  a  continuous  connection  with  the  tubular  stmctm-e  of  the 
testes,  remains  detached  from  the  ovary  in  the  female,  having  a  fi'ee 
terminal  aperture,  and  thus  constituting  the  ralloj)ian  tube.  These 
tubes  are  at  first  distinct  on  the  two  sides,  but  they  gradually  coalesce 
higher  and  higher  up;*  and  it  is  by  an  increased  development  of  this 
coalesced  portion,  that  the  Uterus  is  formed,  the  homolog-ue  of  which  in 
the  male  seems  to  be  the  (so-called)  Vesicula prostatica,  or  'sinus  pocularis,' 
which  is  sometimes  developed  to  a  considerable  size,  and  the  relation  of 
which  to  the  orifices  of  the  vasa  deferentia  is  then  seen  to  be  essentially 
the  same  as  that  of  the  female  uterus  to  the  Fallopian  tubes,  t 

1009.  The  history  of  the  development  of  the  External  Organs  of  Gene- 
ration in  the  two  sexes,  presents  matter  of  great  interest,  from  the  light 
which  is  thrown  by  a  knowledge  of  it  upon  the  malformations  of  these 
organs,  wliich  are  among  the  most  common  of  all  departures  from  the 
normal  type  of  Human  organization.  —  Not  only  is  the  distinction  of 
sexes  altogether  wanting  at  first;  but  the  conformation  of  the  external 
parts  of  the  apparatus  is  originally  the  same  in  Man  and  the  higher 
Mammalia,  as  it  permanently  is  in  the  Oviparous  Vertebrata.  For,  about 
the  5th  or  6th  week  of  embryonic  life,  the  opening  of  a  cloaca  may  be 
seen  externally,  which  receives  the  termination  of  the  intestinal  canal, 
the  ureters,  and  the  efferent  ducts  of  the  sexual  organs ;  but  at  the  lOth 
or  11th  week,  the  anal  apertm-e  is  separated  from  that  of  the  genito- 
urinary canal  or  '  urogenital  sinus,'  by  the  development  of  a  transverse 
band ;  and  the  urogenital  sinus  itself  is  gradually  separated,  by  a  process 
of  division  extending  from  before  backwards  or  from  above  downwards, 
into  a  'pars  urinaria'  and  a  'pars  genitalis,'  the  former  of  which,  extend- 

*  For  a  sketch  of  those  different  conditions  presented  by  the  Uterus  in  the  several  orders 
of  the  Mammalian  class,  which  depend  upon  the  degree  of  this  coalescence,  see  the  Author  s 
"  Princ.  of  Phys.,  Gen.  and  Comp.,"  §  326  aa.  , 

+  See  Prof.  E.  Weber's  "  Zusiitzc  zur  Lchre  vom  Baue  und  den  Vcrrichtungen  aer 
Geschlechtsorgane,"  Leipzig,  1846, 
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ing  towards  the  urachus,  is  converted  into  the  urinary  bladder.  A 
partial  representation  of  this  phase  of  development,  is  found  in  the 
permanent  condition  of  tlie  Struthious  Birds  and  of  the  Implacental 
Matomalia.     The  external  opening  of  this  canal  is  soon  observed  to  be 
bounded  by  two  folds  of  skin,  the  rudiments  of  the  labia  majora  in  the 
female,  and  of  the  two  halves  of  the  scrotum  in  the  male ;  whilst 
between  and  in  front  of  these,  there  is  formed  a  penis-like  body,  sur- 
mounted by  a  gland,  and  cleft  or  furrowed  along  its  under  surface.  This 
body  in  the  female  is  retracted  into  the  genito-urinary  canal,  and  becomes 
the  clitoris;  whilst  the  margins  of  its  furrow  are  converted  into  the 
nymph£e  or  labia  minora.    In  the  male,  on  the  other  hand,  it  increases 
in  prominence,  and  becomes  the  penis;  and  the  margins  of  the  furrow,  at 
its  under  surface  unite  (at  about  the  1 4th  week),  and  form  a  continuation 
of  the  now-contracted  genito-urinary  canal, — the  previous  orifice  of  which 
then  closes-up.     Now  in  a  large  proportion  of  eases  of  so-called  Herma- 
pltrodism,  there  has  been  either  a  want  of  completeness  in  the  develop- 
ment of  the  male  organs,  so  that  they  present  a  gi'eater  or  less  degree  of 
resemblance  to  those  of  the  female;  or  the  developmental  process  has  gone 
on  to  an  abnormal  extent  in  the  female  organS;,  so  that  they  come  to  pre- 
sent a  certain  degree  of  resemblance  to  those  of  the  male.    One  of  the 
most  common  malformations  of  the  male  organs  is  '  hypospadias,'  or  an 
abnormal  opening  of  the  urethra  at  the  base  of  the  penis ;  this  arises 
fi'om  incompleteness  in  the  closure  of  the  edges  of  its  original  furrow. 
But  when  the  developmental  process  has  been  checked  at  an  earlier  period, 
the  urogenital  sinus  may  retain  more  nearly  its  original  character,  and 
may  have  a  wide  external  opening  beneath  the  root  of  the  penis,  so  as  to 
resemble  the  female  vagina,  whilst  the  penis  is  itself  destitute  of  any  trace 
of  the  urethral  canal ;  in  some  of  these  cases,  again,  the  testes  have  not 
descended  into  the  scrotum;  whilst  the  absence  of  beard,  the  shrillness  of 
the  voice,  and  the  fidness  of  the  mammae,  have  contributed  to  impart  a 
feminine  character  to  these  individuals,  their  male  attributes,  however, 
being  determined  by  the  seminiferous  character  of  the  essential  organ,  the 
testes.*     In  the  female  organs,  on  the  other  hand,  a  greater  or  less 
degree  of  resemblance  to  those  of  the  male  may  be  produced  by  the 
enlargement  of  the  clitoris,  by  its  furrowing  or  complete  perforation  by 
the  lu-ethra,  by  the  closure  of  the  entrance  of  the  vagina  and  the  cohesion 
of  the  labia,  so  as  to  present  a  likeness  to  the  unfissured  perineum  and 
scrotum  of  the  male,  by  the  descent  of  the  ovaries  through  the  inguinal 
ring  into  the  position  of  the  male  testes,  by  the  imperfect  development  of 
the  uterus  and  mammae;  and  with  these  are  usually  associated  rough- 
ness of  the  voice  and  growth  of  hair  on  the  chin,  and  a  psychical  charac- 
ter more  or  less  virile.    Trite  Hermaphrodism,  in  which  there  is  an  abso- 
lute combination  of  the  essential  male  and  female  organs  in  the  same 
individual,  is  comparatively  rare.    It  may  occur  under  the  forms  of 
lateral  hermaphrodism,  in  which  there  is  a  genuine  ovary  on  one  side  and 
a  testis  on  the  other,  in  which  case  the  external  organs  are  usually  those 
of  a  hypospadic  male ;  transverse  hermaphrodism,  in  which  the  external 
and  internal  organs  do  not  correspond,  the  former  being  male  and  the 

*  vesicnla  prostatica,  ot:  '  uterus  masculinus,'  has  presented  an  unusual  development 
in  some  of  these  cases  ;  see  Prof.  Weber  (loc,  cit.),  and  Prof.  Theilc's  '  Account  of  a  Case  of 
Hypospadias,'  in  "  MUllcr's  Archiv.,"  H547. 
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latter  female,  or  vice  versd  ;  —  and  douhle  or  vertical  heimaplirodism,  iu 
which  the  proper  organs  characteristic  of  one  sex  have  existed,  with  the 
addition  of  some  of  those  of  the  other;  this  is  the  rarest  of  all,  and  it  is 
not  certain  that  the  coexistence  of  testes  and  ovaria  on  the  same  side  has 
ever  been  observed  in  the  Human  species.* 

1010.  We  have  now  to  follow  the  course  of  the  development  of  the 
principal  organs  of  Animal  Hfe;  and  shall  first  notice  that  of  the  Skeleton. 
— We  have  seen  that,  in  the  embryo  of  the  Vertebrated  animal,  the 
future  vertebral  column  is  marked-out  at  an  earlier  period  than  any 
other  permanent  organ  (§  997);  and  that  indications  of  a  division  into 
vertebra3  are  very  speedily  presented  in  the  embiyo  of  the  higher  classes. 
The  earliest  formation,  however,  is  one  of  which  we  recognize  no  traces 
in  the  adult  condition  of  Man ;  namely,  a  longitudinal  column,  tapering- 
ofF  to  a  point  at  the  cranial  and  caudal  extremities  of  the  embryo,  and 
occupying  the  place  of  the  future  bodies  of  the  vertebrae.    This,  which 
is  termed  the  *  chorda  dorsalis,'  is  of  gelatinous  consistence,  and  is  com- 
posed entirely  of  cells ;  it  is  enclosed  in  a  sheath,  which  gradually  acquires 
the  structure  of  a  fibrous  membrane,  and  which  also  invests  the  neural 
axis  itself;  and  this  condition  is  persistent  in  the  Amphioxus  and  the 
Myxinoid  Fishes,t  which  have  never  any  other  spinal  column  than  the 
cliorda  dorsalis.    The  vertebra)  seem  to  be  developed,  in  the  inferior 
Vertebra ta,  in  the  fibrous  sheath  of  the  chorda  dorsalis ;  but  in  Birds  and 
Mammals,  the  quadi-angular  plates  which  show  themselves  at  a  veiy 
early  period  (Plate  II.  Fig.  12),  appear  to  have  an  independent  origin. 
These  gradually  increase  in  number  and  size,  so  as  to  surround  the  chorda 
both  above  and  below ;  sending  out,  at  the  same  time,  prolongations  fi'om 
the  inferior  sm'face,  to  form  the  arches  destined  to  enclose  the  Spinal 
Cord  or  nem-al  axis,  which  are  hence  termed  by  Prof.  Owen  the  neural 
arches.    In  this  primitive  condition,  the  body  and  arches  of  each  ver- 
tebra are  formed  by  one  piece  on  each  side ;  and  these,  becoming  carti- 
laginous, are  imited  inferiorly  by  a  suture,  so  as  to  enclose  the  chorda 
in  a  sort  of  case  formed  by  the  bodies  of  the  vertebrae,  which  ai-e  still 
hollow,  so  as  to  aUow  the  segments  of  the  chorda  partially  separated  fi'om 
each  other,  to  communicate  together.    This  condition  also  remains  per- 
sistent in  certain  of  the  Cartilaginous  Fishes.  With  the  concentric  gi-owth 
of  the  bodies  of  the  vertebrce,  however,  the  chorda  dorsalis  gradually 
wastes,  and  at  last  disappears;  but  previously  to  its  disappearance,  the 
ossification  of  the  bodies  and  nem-al  arches  of  the  vertebrae  begins,  the 
former  from  a  single  point  on  the  median  line,  the  latter  by  sepai'ate 
points  on  the  two  sides. — The  complete  typical  vertebra  (Fig.  178,  a) 
essentially  consists,  according  to  Prof  Owen,|  of  the  centrum,  ai-oiind 
which  are  arranged  four  arches  enclosed  by  processes  in  connection  with 
it :  viz.,  superiorly,  the  neural  arch,  which  encloses  the  neural  axis,  and  is 
formed  by  a  ]Dair  of  '  neurapophyses '  (w,  w)  and  a  'neural  spine  '  (?i«); 
inferiorly  the  haemal  arch,  which  is  in  like  special  relation  with  the 
centres  of  the  circulation,  but  may  be  expanded  around  the  visceral 

*  On  the  subject  of  Hermaphrodism,  see  Prof.  Simpson's  Article  in  the  "  Cyclop,  of  Anat. 
and  Phys.,"  vol.  ii. 

f  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  %  321  a,  322,  and  322  a.  ..  , 

X  See  liis  "Archetype  Skeleton,"  his  "Lectures  on  Comparative  Anatomy,"  vol.  n., 
his  "  Discourse  on  the  Nature  of  Limbs," 
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Ccavitj  generally,  and  which  is  formed  of  a  pair  of  '  heemapophyses ' 
(A,  1i)  and  the  'htemal  spine'  {h  s) ;  and  two  lateral  arches,  enclosing  vascu- 
lar canals,  which  ai-e  bounded  by  the  '  diapophyses ' [d,  d)  and  the  '  para- 
pophyses'  {p,  p),  and  are  completed  by  the  '  pleurapophyses'  {pi,  pi).  Of 
these  elements,  the  centrum  is  the  most  constant;  and  next  to  these  are 
the  neural  arches,  which  we  find  in  every  part  of  the  vertebral  column 


Elements  of  a  Vertebra,  according  to  Prof.  Owen:— A,  ideal  typical  vertebra: — B,  actual 
thoracic  vertebra  of  a  Bird :— c,  centrum,  giving  off  d,  d,  the  diapophyses,  and  p,  p,  the  parapo- 
physes  ;  the  neural  arch,  enclosing  the  spinal  cord  *,  is  formed  by  n,  n,  the  neiirapophyses  and 
ns,  the  neural  spine  ;  the  hsemal  arch,  enclosing  the  great  centres  of  the  circulation,  is  formed 
by  h,  h,  the  hsemapophyses,  and  h  s,  the  haemal  spine.  From  both  the  neurapophyses  and 
biemapophyses  may  be  given  off  the  zygapophyses,  z,  z.  The  lateral  arches,  vphich  may  enclose 
the  vertebral  arteries  o  o,  are  completed  by  the  pleurapophyses,  pi ;  these  in  b  are  bent  down- 
wards, so  as  to  form  part  of  the  haemal  arch,  and  give  off  the  diverging  appendages  a,  a, 

through  which  the  nem-al  axis  passes,  and  which  are  enormously  developed 
in  the  cranial  segments,  in  accordance  with  the  high  development  of  the 
nervous  mass.  The  haemal  arches  are  often  almost  entirely  deficient,  as 
in  the  cei-vical  and  lumbar  vertebrte  of  Man  and  the  Mammalia :  but  in 
the  dorsal  vertebree  they  are  very  largely  developed,  and  the  elements  of 
the  lateral  arches  are  brought  into  connection  with  them,  so  as  to  form 
the  enclosure  of  the  visceral  cavity  (Fig.  178,  b).  From  the  pleura- 
pophyses are  occasionally  developed  a  pair  of  '  diverging  appendages ' 
(a,  a),  which  are  well  seen  in  the  ribs  of  Birds ;  and  these  are  considered 
by  Prof  Owen  to  be  the  fundamental  elements  of  the  bones  of  the 
'  extremities '  or  '  limbs,'  those  of  the  anterior  extremity  being  the 
diverging  appendages  of  the  occipital  vertebra  (§  1011),  and  those  of  the 
posterior  extremity  standing  in  the  same  relation  to  one  of  the  sacral 
vertebra).* — The  extremities  themselves  are  developed,  in  all  Vertebrata, 
as  leaf-like  elevations  from  the  parietes  of  the  trunk  (Fig.  174,  q,  q,  r,  r); 
those  peculiarities  of  fonn  by  which  they  are  adapted  to  specialities  of 
function,  being  determined  by  subsequent  processes  of  development. 

*  The  beautiful  chain  of  reasoning  by  which  this  position  is,  in  the  Author's  opinioii, 
irrefutably  established,  is  contained  in  the  works  of  Prof.  Owen  already  referred-to  ;  a 
sketch  of  it,  and  of  the  whole  '  Vertebral  Theory,'  will  be  found  in  the  Author's  "  Princ.  of 
Phys.,  Gen.  and  Comp.,"  §  320  et  seq. 
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Thus  in  the  Human  foetus,  the  fingers  are  at  first  united  by  the  primi- 
tive blastema,  as  if  webbed  for  swimming ;  but  this,  as  Prof  Miiller  justly 
remarks,  is  less  to  be  regarded  as  an  approximation  to  the  form  of  the 
extremity  characteristic  of  aquatic  animals,  than  as  the  primitive  and 
most  general  form  of  the  hand,  the  individual  parts  of  which  subse- 
quently become  more  completely  isolated  in  such  animals  as  require  to 
use  them  separately. 

1011.  It  is  in  the  cranial  segments  that  the  vertebral  elements  un- 
dergo their  most  remarkable  transformations,  the  departiu-e  from  the 
'  archetype '  being  more  complete  in  Man  than  in  any  other  animal ;  so 
that  it  is  only  by  tracing  them  through  their  simplest  to  their  most 
complicated  forms  and  arrangements,  that  the  true  nature  of  the  latter 
can  be  elucidated.* — The  number  of  the  segments  entering  into  the  skidl 
has  been  a  subject  of  much  discussion  among  those  who  adopt  the 
*  vertebral  theory'  of  its  composition;  but  Prof  Owen  agrees  with  Okea 
(the  original  propoundcr  of  the  theory)  in  fixing  the  number  at  four, 
which  corresponds  with  that  of  the  primary  divisions,  succeeding  each 
other  in  a  linear  series,  that  are  distinctly  marked  in  the  early  develop- 
ment of  the  Encephalon,  namely  (proceeding  from  behind  forwards),  the 
EjDencephalon,  the  Mesencephalon,  the  Prosencephalon,  and  the  Rhiueuce- 
phalon  ;t  and  also  corresi)onding  with  the  number  of  the  nerves  of  special 
sense,  the  Auditory,  Gustative,  Optic,  and  Olfactory,  which  issue  from 
this  part  of  the  neural  axis  with  the  same  segmental  regularity  that  the 
ordinary  sensori-motor  nerves  do  elsewhere.  J 

*  See  especially  Prof.  Owen's  "  Archetype  Skeleton,"  and  the  sketch  contained  in  the 
Author's  "  Princ.  of  Phys.,  Gen.  and  Comp.,"  %  320  i,  320  I. 

■f  Tlie  Rhinenccphalon  (consisting  of  the  Olfactive  ganglia)  is  seldom  distinctly  marked- 
out  in  tlie  early  stage  of  development  of  the  higher  Vertebrata,  but  is  obvious  enough  in 
Fishes  (Fig.  128,  a). 

X  Under  the  guidance  of  the  iinerring  light  of  Comparative  Anatomy  and  Development,  the 
composition  of  the  Cranial  portion  of  the  skull — consisting  of  the  bodies  and  neural  arches  of 
the  four  cranial  vertebra — has  been  determined  by  Prof.  Owen  as  follows,  each  of  the  '  ele- 
ments' enumerated  being  marked  as  distinct,  by  the  separateness  of  its  centre  of  ossification. 

TABLE  I. 

Composition  of  tlie  Neural  Arclies  of  the  Cranial  Veriebree,  in  Man. 

I.  Epencephalic  or  Occipital  Vertebra. 

Centrum  ;  Basi-occipital  portion  of  the  Occipital  bone. 

p  7       .    r  Coalesced  into  the  lateral  or  condyloid  portions  of  the  Occipital 

p  I  ly     >    J     bone,  the  parapophyses  being  marked  by  the  scabrous  ridge 
etn  apop  ly  ■  ,  ^     giving  attachment  to  the  rectus  lateralis  muscle. 
Neural  Spine;  Proper  Occipital  bone. 

II.  Mesencephalic  or  Parietal  Vertebra. 

Centrum;  Basi-sphenoid,  or  body  of  the  posterior  or  spheno-temporal  part  of  the 

Sphenoid  bone. 
Parafopliyses  ;  Mastoid  portion  of  the  Temporal  bones. 
Neurapophyses ;  Great  wings  of  Sphenoid  bone,  or  Ali-spheiioids. 
Neural  Spine  ;  Parietal  bones. 

III.  Prosencephalic  or  Frontal  Vertebra. 

Centrum;  Pre-sphenoid,  or  body  of  the  anterior  or  spheno-orbital  part  of  the 
Sphenoid  bone.  . 
Parapophyses;  External  angular  processes  of  Frontal  bone  (the  post-frontals  o 
Fishes). 

Neurapophyses ;  Small  wings  of  Sphenoid  bone,  or  Orbito-sphenoids. 
Neural  Spine;  Frontal  bone. 
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1012.  Within  the  Crauio-spinal  canal  thus  formed,  the  rudiment  of 
he  Cerebro-spinal  axis  is  found,  at  first  under  a  very  different  aspect 
rom  that  which  it  subsequently  presents,  especially  as  regards  the  rela- 
ive  proportions  of  its  different  segments.  The  Encephalon,  at  about  the 
ith  week,  is  seen  as  a  series  of  vesicles  arranged  in  a  line  with  each 
)ther  (Fig.  179);  of  which  those  that  represent  the  Cerebrum  (6)  are  the 
smallest,  wliilst  that  which  represents  the  Cerebellum  {d)  is  the  largest. 
The  latter  (or  JlJpencephalon),  as  in  Fishes,  is  single,  covering  the  fourth 
V  entricle  on  the  dorsal  surface  of  the  Medulla  Oblongata.  Anterior  to 
liis  is  the  single  vesicle  {a)  of  the  Corpora  Quadrigemina  (or  Mesence- 
ihalon),  from  which  the  optic  nerve  chiefly  arises;  this  has  in  its  interior 

!  V.  Rhinencephalic  or  Nasal  Vertebra. 
Centrum  ;  Vomer. 

Neurapophyses  ;  Ossa  plana  of  Ethmoid  bone. 
Neural  Spine  ;  Nasal  bones. 

'n  connection  with  the  foregoing,  we  have  two  ossified  '  sense-capsules ;'  the  Auditory 
ormed  by  the  petrosal  portion  of  the  Temporal  bone  ;  and  the  Nasal  formed  by  the  principal 
)art  of  the  Ethmoid  bone  with  the  Turbinate  bones. 

The  licemal  arches  of  the  cranial  vertebrae  form  the  bones  of  the  Face  and  of  some  other 
jarts,  as  will  be  seen  from  the  following  table. 

TABLE  II. 

Composition  of  the  Hmmal  Arches  of  the  Cranial  Vertebra,  in  Man, 

I..  Epencephalic  or  Occipital  Vertebra. 
Pleurapophyses ;  Scapulae. 

Diverging  Appendages ;  Bones  of  Arm,  Fore-arm,  and  Hand. 

Hcemapophyses ;   Coracoid  processes  of  Scapulae  (Coracoid  bones  of  Oviparous 

Vertebrata). 
Hcemal  Spine;  Deficient. 

[The  Clavicles  and  first  segment  of  the  Sternum,  which  complete  the  Scapular  arch 
in  the  Mammalia,  are  regarded  by  Prof.  0  wen  as  the  haemapophyses  and  haemal 
spine  of  the  atlas,  or  highest  vertebra  of  the  trunk.] 

II.  Mesencephalic  or  Parietal  Vertebra. 

Pleurapophyses ;  Styloid  processes  of  Temporal  bone. 
Diverging  Appendages;  Greater  comua  of  Hyoid  bone,  or  Thyro-hyals. 
Hcemapophyses ;  Lesser  comua  of  Hyoid  bone,  or  Cerato-hyals. 
Hcemal  Spine  ;  Body  of  Hyoid  bone. 

III.  Prosencephalic  or  Frontal  Vertebra. 

Pleurapophyses  ;  Tympanic  portion  of  Temporal  bone. 
Diverging  Appendages ;  Deficient. 
Hamapophyses  ;  Articular  portion  of  Inferior  Maxilla. 
Hcemal  Spine;  Dental  portion  of  inferior  Maxilla. 

I IV.  Rhinencephalic  or  Nasal  Vertebra. 
Pleurapophyses ;  Palatine  bones. 

Diverging  Appendages ;  Pterygoid  and  Malar  bones,  with  sq^uamosal  and  zygomatic 

portions  of  Temporal  bones. 
Hmmapophyses  ;  Superior  Maxillary  bones. 
HeBinal  Spine  ;  Intermaxillary  bones. 

Thus  we  see  that,  in  the  anterior  segment,  we  have  the  highest  development  of  the  visceral 
jiortion,  co-existing  with  the  lowest  development  of  the  neural ;  this  lust  being  obviously 
related  to  the  comparatively  low  development  of  the  ganglionic  mass  which  it  is  destined  to 
protect. — The  development  of  the  soft  parts  of  the  face  takes  place  in  conformity  with  that 
iif  tlie  vertebral  segments;  these  being  foi-mcd  by  '  visceral  arches'  which  meet  on  the  median 
line  (Fig.  174,  c,  dd);  and  the  knowledge  of  this  fact  enables  us  to  explain  those  congenital 
malformations  which  result  from  want  of  union  of  the  two  halves  on  the  median  plane,  such 
as  cleft  palate  and  hare-lip. 
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Fig.  ]79. 


a  cavity,  the  ventricle  of  Sylvius,  which  is  persistent  in  the  adult  Bird, 
thougli  obliterated  in  the  adult  Mammal.  In  front  of  this  is  the  vesicle 
(c)  of  the  Third  Ventricle  (or  Deutencephalon),  which  contains  also  the 
Thalami  Optici ;  as  development  proceeds,  this,  like  the  preceding,  is  cover- 
ed by  the  enlarged  hemispheres ;  whilst 
its  roof  becomes  cleft  anteriorly  on  the 
median  line,  so  as  to  communicate  with 
the  cavities  which  they  include.  StiU 
more  anteriorly  (&)  is  the  double  vesicle 
(or  Prosencephalon)  wliich  represents 
the  hemispheres  of  the  Cerebrum;  this 
has  a  cavity  on  either  side,  the  floor  of 
which  is  formed  by  the  Corpora  Striata, 
and  which  has  at  first  no  opening  except 
into  the  third  ventricle  ;  the  '  fissm-e  of 
Sylvius '  (which  enables  the  membranes 
of  the  brain  to  be  reflected  into  the 
lateral  ventiicles)  being  formed  at  a 
later  period.  In  the  small  proportion 
Human  Embryo  of  sixth  week,  enlarged  which  the  Cerebral  Hemispheres  bear 

about  three  times :  —  a,  vesicle  of  Corpora    ,  ,     ,^       i  p 

Quudrigemina ;  6,  vesicle  of  Cerebral  Hcmi-    tO  tlie  Other  JDartS,  the  abSeUCC  01  COUVO- 

l^tions,  the  deficiency_  of  commissures, 
e.jiuditory  vesicle; /,  olfactory  fossa;  /i,  liver;  and  the  general  simplicity  of  structure 
caul   extremity.  whole,  there  is  a  certain  corre- 

sj)ondence  between  the  brain  of  the  Human  embryo  at  this  period,  and 
that  of  a  Fish;  but  the  resemblance  is  much  stronger  between  the 
fcetal  brain  of  the  Fish  and  that  of  the  Mammal;  indeed  at  this  early 
period  of  their  formation,  the  two  could  scarcely  be  distinguished ;  and 
it  is  the  large  amount  of  change  which  the  latter  undergoes,  as  com- 
pared with  the  former,  that  causes  the  wide  dissimilaiity  of  their  adult 
forms. — At  about  the  12th  week  we  find  the  Cerebral  Hemispheres 
much  increased  in  size,  and  arching-back  over  the  Thalami  and  Corpoi'a 
Qiiadrigemina  (Fig.  180);  still,  however,  they  are  destitute  of  convolu- 
tions, and  imperfectly  connected  by  commissures;  and  there  is  a  lai'ge 


Fig.  180, 


-el 


tL- 


Brain  of  Human  Embryo  at  twelfth  week :— a,  seen  from  behind  ;  b,  side  ^^ew;  c,  sectional 
\aew; — a,  corpora  quadrigemina;  bb,  hemispheres;  (i,  cerebellum  j  e,  medulla  oblongata;  /,  optic 
thalamus;  g,  floor  of  third  ventricle;  i,  olfactory  nerve. 

cavity  still  existing  in  the  Corpora  Quadrigemiua,  which  freely  com- 
municates with  the  Third  Ventricle.  In  all  these  particulars,  there  is 
a  strong  analogy  between  the  condition  of  the  brain  of  the  Human 
embryo  at  this  period,  and  that  of  the  Bird.— Up  to  the  end  of  tlie 
3rd  month,  the  Cerebral  Hemispheres  present  only  the  rudiments  o 
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'nterior  lobes,  and  do  not  pass  beyond  that  grade  of  development 
vhich  is  permanently  characteristic  of  the  Marsupial  Mammalia,  the 
llialami  being  still  but  incompletely  covered-in  by  them.  During  the 
th  imd  pai-t  of  the  5th  months,  however,  the  middle  lobes  are  developed 
rem  their  posterior  aspect,  and  cover  the  Corpora  Quadrigemina  j  and 
he  j)osterior  lobes,  of  which  there  was  no  previous  rudiment,  subse- 
[uently  begin  to  sprout  from  the  back  of  the  middle  lobes,  remaining 
oparated  fr-om  them,  however,  by  a  distinct  furrow,  even  in  the  brain  of 
:lie  matm-e  foetus,  and  sometimes  in  that  of  older  persons.  In  these  and 
jther  particulai's,  there  is  a  very  close  correspondence  between  the  pro- 
gressive stages  of  development  of  the  Human  Cerebrum,  and  those  which 
we  encounter  in  the  ascending  scale  of  Mammalia.* 

11013.  The  development  of  the  two  principal  Organs  of  Sense,  the  Eye 
und  the  Ear,  has  been  made  the  subject  of  careful  study  (in  the  Chick) 
i)y  Mr.  H.  Gray.t — The  development  of  the  Eye  commences  by  a  protru- 
sion from  the  posterior  part  of  the  anterior  cerebral  vesicle,  representing 
the  'vesicle  of  the  thalami  optici,'  which  is  at  that  time  hollow;  and 
fctthe  cavity  of  the  protrusion  is  continuous  with  that  of  the  vesicle  itself, 
\which  remains  as  the  'third  ventricle,'    This  protrusion  is  lined,  like 
tthe  cerebral  vesicle,  with  granular  matter,  which  gradually  becomes 
^distinctly  cellular,  forming  a  layer  of  a  truly  ganglionic  character;  and 
\*whilst  this  change  is  taking  place,  the  protrusion  increases,  becomes 
[peai-shaped,  and  is  at  last  connected  only  by  a  naixow  pedicle  with  the 
vesicle  from  which  it  sprang.    This  pedicle  closes  up,  so  as  completely  to 
sepai-ate  the  two  cavities ;  and  the  one  which  has  been  thus  budded-forth 
cconstitutes  the  rudiment  of  the  eye,  whilst  the  other  goes-on  to  form  the 
ganglionic  bodies  at  the  base  of  the  cerebrum,  the  connecting  pedicle 
Ihecoming  the  optic  nerve,  which  connects  the  retina  wdth  its  ganglionic 
(centre.    The  spherical  extremity  of  the  protrusion  is  absorbed,  and  the 
iretina,  or  vesicular  lining,  becomes  attached  to  the  margin  of  the  lens, 
vwhich  is  in  the  mean  time  developed  in  the  interior  of  the  cavity,  and 
i  is  at  first  completely  sm-rounded  by  the  retina.    The  formation  of  the 
I  coats  of  the  Eye  takes  place  subsequently;  the  development  even  of  the 
• '  fibrous  lamina '  and  of  the  '  membrana  Jacobi '  of  the  retina  itself,  not 
t  taking  place  until  after  its  cellular  layer  has  been  very  distinctly  formed, 
lit  is  a  curious  cu'cumstance,  and  one  not  very  easy  to  account  for,  that 
the  development  of  the  Eye  should  take  place  from  the  Deutencephalic 
and  not  from  the  Mesencephalic  vesicle;  as  it  is  in  the  latter  that  the 
proper  '  optic  ganglia '  originate,  with  which  the  optic  nerves  come  at  last 
!  to  have  their  principal  connection,  their  connection  with  the  'thalami 
I  optici '  being  much  less  close.  —  The  Auditory  apparatus  takes  its 
I  origin  in  a  portion  of  the  Epencephalic  vesicle,  which  protrudes  on 
'  cither  side,  its  cavity  at  first  communicating  with  that  of  the  vesicle, 
I  which  remains  permanent  as  the  'fourth  ventricle.'    As  its  protrusion 
increases,  it  becomes  elongated  and  pear-shaped,  and  is  only  connected 
with  the  central  mass  by  a  pedicle  whose  canal  gradually  closes-np ;  the 
sac  thus  cut  off  becomes  the  vestibular  cavity,  and  the  pedicle  the 
i  auditory  nerve.  At  first  there  is  no  vestige  either  of  cochlea,  semicircular 

*  See  an  account  of  the  observations  of  Prof.  Retzius  on  the  Development  of  tlie  Cere- 
brum, in  the  "  Archives  d'Anatomie  Gen^rale  et  de  Physiologie,"  1846. 
t  "  Philosophical  Transactions,"  18.50. 
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canals,  or  tympanic  apparatus ;  but  the  sac  presents  the  simple  character 
which  it  permanently  retains  in  the  Cephalopoda  and  the  lower  Fishes 
Gradually,  however,  the  semicircular  canals  are  developed,  by  a  contrac- 
tion and  folding-in  of  the  walls  of  the  vestibular  sacj  and  the  cochlea  is 
probably  formed  as  an  offset  from  it.  At  the  same  time,  the  formation 
of  cartilage,  and  subsequently  of  bone,  takes  -place  around  the  auditory 
sac  and  its  prolongations,  forming  the  'sense-capsule,'  which,  iu  the 
higher  Vertebrata,  coalesces  with  the  vertebral  elements  to  form  the 
temporal  bone. — It  is  very  interesting  to  remark,  that  the  membranous 
labyrinth,  between  the  eighth  and  thirteenth  days  in  the  Chick,  has  a 
structui'e  almost  precisely  similar  to  that  of  the  retinal  expansion  of  the 
same  period ;  consisting,  like  it,  of  a  distinct  but  very  delicate  fibrous 
mesh,  in  the  spaces  between  which  are  deposited  a  quantity  of  gi-auular 
matter  and  numerous  nucleated  cells,  whilst  its  exterior  is  composed  of  a 
dense  mass  of  niiclei,  almost  precisely  analogous  to  the  gi-anidar  particles 
which  form  a  large  part  of  the  entire  substance  of  the  retina. 

1014.  There  can  be  no  reasonable  doubt,  that  the  developmental  pro- 
cess must  be  greatly  influenced  by  the  quality  of  the  nutriment  suppUed 
by  the  maternal  blood.    "  We  have  demonstrative  evidence,"  says  Dr. 
A.  Combe,*  "that  a  fit  of  passion  in  a  nurse  vitiates  the  quahty  of  the 
milk  to  such  a  degree,  as  to  cause  cholic  and  indigestion  (or  even  death) 
in  the  suckling  inftmt.    If,  in  the  child  already  born,  and  in  so  far  inde- 
pendent of  its  parent,  the  relation  between  the  two  is  thus  strong,  is  it 
imreasonable  to  suppose  that  it  should  be  yet  stronger,  when  the  infant 
lies  in  its  mother's  womb,  is  nourished  indirectly  by  its  mother's  blood, 
and  is,  to  all  intents  and  pui'poses,  a  part  of  her  own  body  1   If  a  sudden 
and  powerful  emotion  of  her  own  mind  exerts  such  an  influence  upon  her 
stomach  as  to  excite  immediate  vomiting,  and  upon  her  heart  as  almost 
to  arrest  its  motion  and  induce  fainting,  can  we  beheve  that  it  wiU  have 
no  effect  on  her  womb  and  the  fragile  being  contained  within  it  ?  Facts 
and  reason,  then,  alike  demonstrate  the  reality  of  the  influence:  and 
much  practical  advantage  would  result  to  both  parent  and  child,  were 
the  conditions  and  extent  of  its  operations  better  understood."  Among 
facts  of  this  class,  there  is,  perhaps,  none  more  striking  than  that  quoted 
by  the  same  author  from  Baron  Percy,  as  having  occurred  after  the  siege 
of  Landau  in  1793.    In  addition  to  a  violent  cannonading,  which  kept 
the  women  for  some  time  in  a  constant  state  of  alarm,  the  arsenal  blew 
up  with  a  terrific  explosion,  which  few  could  hear  with  unshaken  uei-ves. 
Out  of  92  children  born  in  that  district  within  a  few  months  afterwards, 
Baron  Percy  states  that  16  died  at  the  instant  of  birth;  33  languished 
for  from  8  to  10  months,  and  then  died;  8  became  idiotic,  and  died 
before  the  age  of  5  years;  and  2  came  into  the  world  with  numerous 
fractures  of  the  bones  of  the  limbs,  caused  by  the  cannonading  and  ex- 
plosion.   Here,  then,  is  a  total  of  59  children  out  of  92,  or  within  a 
trifle  of  2  out  of  every  3,  actually  killed  thi'ough  the  medium  of  tue 
Mother's  alarm  and  the  natm-al  consequences  upon  her  own  organization , 
an  experiment  (for  such  it  is  to  the  Physiologist)  upon  too  large  c 
scale  for  its  results  to  be  set  down  as  mere  '  coincidences.'— M  so""^  ? ' 
judging  Physiologist  of  the  present  day  is  likely  to  fiill  into  the  popuJ 

*  "  On  tlie  Management  of  Infancy,"  p.  76. 
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)Y,  of  supposing  that  'marks'  upon  the  Infant  are  to  be  referred  to 
le  transient  though  strong  impression  upon  the  imagination  of  the 
:her;  but  there  appear  to  be  a  sufficient  number  of  facts  on  record,  to 
>e  that  habitual  mental  conditions  on  the  part  of  the  Mother  may 
e  influence  enough,  at  an  early  period  of  gestation,  to  produce  evident 
;ily  deformity,  or  peculiar  tendencies  of  the  mind.    That  the  mental 
■  of  the  Mother  can  produce  important  alterations  in  her  own  blood, 
is  demonstrated  by  the  considerations  previously  adduced  (chap. 
ii.)  in  regard  to  its  eflFect  upon  the  processes  of  Nutrition  and  Secre- 
i;  and  that  such  alterations  are  sufficient  to  determine  important 
difications  in  the  developmental  processes  of  the  Embryo,  to  which 
blood  furnishes  the  materials,  can  scarcely  admit  of  a  question,  when 
recollect  what  an  influence  the  presence  or  absence  of  particular 
istances  has  in  modifying  the  growth  of  parts  in  the  adult  (§  203). 
||  e  en"or  of  the  vulgar  notion  on  this  subject,  lies  in  supposing  that  a 
'den  fright,  speedil]/  forgotten,  can  exert  such  a  continual  influence  on 

(nutrition  of  the  Embryo,  as  to  occasion  any  personal  pecuharity.'^ 
e  view  here  stated  is  one  which  ought  to  have  great  weight,  in  making 
nifest  the  importance  of  careful  management  of  the  health  of  the 
ther,  both  corporeal  and  mental,  during  the  period  of  pregnancy; 
■>}  the  constitution  of  the  offspring  so  much  depends  upon  the  impres- 
ts then  made  upon  its  most  impressible  structure. 
10 1-5.  It  is  fi'equently  of  great  importance,  both  to  the  Practitioner 

II  to  the  Medical  Jurist,  to  be  able  to  determine  the  age  of  a  Foetus, 
im  the  physical  characters  which  it  presents;  and  the  following  table 
i  been  framed  by  Devergiet  in  order  to  facilitate  such  determination. 
1  is  to  be  remarked,  however,  that  the  ahsoh^te  length  and  weight  of 
^  Embiyo  are  much  less  safe  criteria,  than  its  degree  of  development, 
indicated  by  the  relative  evolution  of  the  several  parts  which  make 
ir  appearance  successively.    Thus  it  is  Yery  possible  for  one  child, 
,  11  at  the  full  time,  to  weigh  less  than  another,  born  at  8  or  even  at  7 
P'nths;  its  length,  too,  may  be  no  greater:  but  the  position  of  the 
Idle  point  of  the  body  will  usually  afford  sufficient  ground  for  the 
■i-mination;  since,  during  the  two  latter  months  of  pregnancy,  the  in- 
asing  development  of  the  lower  extremities  brings  it  lower  down. 

f 

'  nhnjo  3  <o  4  weclis. — It  has  the  form  of  a  serpent ;  —  its  length  from  3  to  5  lines  ; 
ad  indicated  by  a  swelling  ; — its  caudal  extremity  (in  which  is  seen  a  white  line,  indi- 
the  continuation  of  the  medulla  spinalis),  slender,  and  terminating  in  the  umbilical 
•  ;--thc  mouth  indicated  by  a  cleft,  the  eyes  by  two  black  points;  the  members  begin 
ppear  as  nipple-like  protuberances; — the  liver  occupies  the  whole  abdomen;— the  bladder 
<  iy  large.  The  chorion  is  villous,  but  its  villosities  are  still  diffused  over  the  whole 
ace. 

.inlmjo  of  6  weeks. — Its  length  from  7  to  10  lines;— its  weight  from  40  to  75  grains; — 
I    distinct  from  cranium; — aperture  of  nose,  mouth,  eyes,  and  ears  perceptible; — head 


For  some  valuable  observations  on  this  subject,  see  Montgomery  "  On  the  Signs  of 
-'nancy." — Numerous  cases  have  been  recorded,  during  the  last  few  years  (especially  in 
•Lancet"  and  "  Provincial  Medical  Journal"),  in  which  malformations  in  the  Infant 
:red  distinctly  traceable  to  strong  impressions  made  on  the  mind  of  the  Mother  some 
•lis  previously  to  parturition;  these  impressions  having  been  persistent  during  the 
iiing  period  of  pregnancy,  and  giving  rise  to  a  full  expectation  on  the  part  of  the 
";r,  that  the  child  would  be  alfectcd  in  the  particular  manner  wiiich  actually  occurred. 
"  Medecine  Legale,"  3ieme  edit.  torn.  i.  p.  279. 
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distinct  from  thorax;— hands  and  fore-arms  in  the  middle  of  the  length,  fingers  distinct;— 
legs  and  feet  situated  near  the  anus; — clavicle  and  maxillary  bone  present  a  point  of  ossi- 
fication;  —  distinct  umbilicus  for  attachment  of  cord,  which  at  that  time  consists  of  the 
omphalo-meseraic  vessels,  of  a  portion  of  the  urachus,  of  a  part  of  the  intestinal  tube,  and  of 
filaments  which  represent  the  umbilical  vessels.  The  placenta  begins  to  be  formed ;— the 
chorion  still  separated  from  the  amnion  ; — the  umbilical  vesicle  very  large. 

Embryo  of 'I  months. — Length  from  16  to  19  lines; — weight  from  150  to  300  grains;— 
elbows  and  arms  detached  from  the  trunk;— heels  and  knees  also  isolated; — rudiments  of  the 
nose  and  of  the  lips; — palpebral  circle  beginning  to  show  itself; — clitoris  or  penis  apparent;— 
anus  marked  by  a  dark  spot; — rudiments  of  lungs,  spleen,  and  supra-renal  capsules ;— cjecum 
placed  behind  the  umbilicus ; — digestive  canal  withdrawn  into  the  abdomen  ;— urachus 
visible; — osseous  points  in  the  frontal  bone  and  in  the  ribs. — Chorion  commencing  to  touch 
the  amnion  at  the  point  opposite  the  insertion  of  the  placenta;  placenta  begins  to  assume  its 
reguljir  form; — umbilical  vessels  commence  twisting. 

Embryo  ofZ  »non<Z(s.— Length  from  2  to  2^  inches; — weight  from  1  oz.  to  \\  oz.  (Troy); 
— head  voluminous  ;— eyelids  in  contact  by  their  free  margin;  membrana  pupillaris  visible;— 
mouth  closed  ; — fingers  completely  separated  ; — inferior  extremities  of  greater  length  than 
rudimentary  tail;— clitoris  and  penis  very  long;— thymus  as  well  as  supra-renal  capsules 
present; — caecum  placed  below  the  umbilicus; — cerebrum  5  lines,  cerebellum  4  lines,  medulla 
oblongata  H  line,  and  medulla  spinalis  |  of  a  line,  in  diameter ; — two  ventricles  of  heart 
distinct. — The  decidua  reflexa  tind  decidua  uterina  in  contact; — funis  contains  umbilical 
vessels  and  a  little  of  the  gelatine  of  Wai'thon; — placenta  completely  isolated;— umbilical 
vesicle,  allantois,  and  omphalo-meseraic  vessels  have  disappeared. 

Fmtus  of  4  montlis. — Length  5  to  6  inches; — weight  2^  to  3  oz.; — skin  rosy,  tolerably 
dense; — mouth  very  large  and  open; — membrana  pupillaris  very  evident; — nails  begin  to 
appear; — genital  organs  and  sex  distinct; — caecum  placed  near  the  right  kidney; — gall- 
bladder appearing; — meconium  in  duodenum; — cajcal  valve  visible; — umbilicus  placed  near 
pubis; — ossicula  auditoria  ossified; — points  of  ossification  in  superior  part  of  sacrum; — 
membrane  forming  at  point  of  insertion  of  placenta  on  uterus; — complete  contact  of  chorion 
with  amnion. 

Eat  us  of  5  mo7iths. — Length  6  to  7  inches; — weight  5  to  7  oz.; — volume  of  head  still 
comparatively  great; — nails  very  distinct; — hair  beginning  to  appear; — skin  without  seba- 
ceous covering; — white  substiince  in  cerebellum; — heart  and  kidneys  very  voluminous ; — 
cfEcum  situated  at  inferior  part  of  right  kidney; — gall-bladder  distinct ; — germs  of  permanent 
teeth  appear; — points  of  ossification  in  pubis  and  calcaneum; — meconium  has  a  yellowish- 
green  tint,  and  occupies  commencement  of  large  intestine. 

Foetus  of  6  montlis. — Length  9  to  10  inches; — weight  1  lb.; — skin  presents  some  appear- 
ance of  fibrous  structure ; — eyelids  still  agglutinated,  and  membrana  pupillaris  remains  ;— 
sacculi  begin  to  appear  in  colon; — funis  inserted  a  little  above  pubis; — face  of  a  purphsh 
red; — hair  white  or  silvery; — sebaceous  covering  begins  to  present  itself; — meconmm  m 
large  intestine  ; — liver  of  dark  red; — gall-bladder  contains  serous  fluid  destitute  of  bitterness; 
— testes  near  kidneys; — points  of  ossification  in  four  divisions  of  sternum  ; — middle  point  at 
lower  end  of  sternum. 

Fcetus  of  1  montlis. — Length  13  to  15  inches;— weight  3  to  4  lbs.;  — skin  of  rosy  hue, 
thick,  and  fibrous; — sebaceous  covering  begins  to  appear ; — nails  do  not  yet  reach  extremities 
of  fingers; — eyeUds  no  longer  adherent; — membrana  pupillaris  disappearing; — a  point  of  ossi- 
fication in  the  astragalus ; — meconium  occupies  nearly  the  whole  of  large  intestine  ;—Talvul;8 
conniventes  begin  to  appear; — caecum  placed  in  right  iliac  fossa; — left  lobe  of  liver  almos 
as  large  as  right; — gall-bladder  contains  bile; — brain  possesses  more  consistency ;—tesUcle8 
more  distant  from  kidneys ; — middle  point  at  a  little  below  end  of  sternum. 

Fcetus  of  8  mowiJAs.— Length  14  to  16  inches;— weight  4  or  5  lbs.;— skin  covered  witn 
well-marked  sebaceous  envelope; — nails  reach  extremities  of  fingers; — membrana  pupillaris 
becomes  invisible  during  this  month; — a  point  of  ossification  in  last  vertebra  of  sacrum; 
cartilage  of  inferior  extremity  of  femur  presents  no  centre  of  ossification;— brain  has  some 
indications  of  convolutions; — testicles  descend  into  internal  ring; — middle  point  nearer 
umbilicus  than  the  sternum.  k  *  o  lbs 

Foitus  of  9  months,  the  full  fcr;».— Length  from  17  to  21  inches;— weight  from  f>  J 
the  average  probably  about  6i  lbs.;- head  covered  with  hair  in  greater  or  less  quantity, 
from  9  to  1 2  lines  in  length";- skin  covered  with  sebaceous  matter,  especially  "''V'  j. 
joints;— membrana  pupillaris  no  longer  exists;— external  auditory  meatus  still  p^gj.' 
— four  portions  of  occipital  bone  remain  distinct;— os  hyoidcs  not  yot  ossified;  P"'",  ^jj^^p^s 
fication  in  the  centre  of  cartilage  at  lower  extremity  of  femur;— white  and  grey  su 
of  brain  become  distinct;— liver  descends  to  umbilicus;— testes  have  passed  mgmnai  nit,, 
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frequently  found  in  the  scrotum; — meconium  at  tennination  of  large  intestine; — middle 
it  of  body  at  umbilicus,  or  a  little  below  it. 

1016.  Even  at  birth,  there  is  a  manifest  difference  in  the  physical  con- 
'ons  of  infants  of  different  sexes;  for,  in  the  average  of  a  large  number, 
re  is  a  decided  preponderance  on  the  side  of  the  Males,  both  as  to  the 
li^-th  and  the  weight  of  the  body. 

'.  The  length  of  the  body  in  fifty  new-born  infants  of  each  sex,  as  ascertained  by  Quete- 
*  was  as  follows  : — 

From  16  to  17  inches  f  (French) 

„    17  to  18  

„    18  to  19  

„    19  to  20  ..... 
„    20  to  21  

:jm  these  observations,  the  mean  and  the  extremes  of  the  Lengths  of  the  Male  and 
linale  respectively,  were  calculated  to  be, — 


Males. 

Females, 

Total. 

2 

4 

fi 

8 

19 

27 

28 

18 

46 

12 

8 

20 

0 

1 

1 

Minimum 

Mean 

Maximum 


Males. 
1 6  inches,  2  lines 

18  6 

19  8 


Females. 
16  inches,  2  lines 
18  li 
20  6 


t 


twithstanding  that  the  maximum  is  here  on  the  side  of  the  Female  (this  being  an  acci- 
tital  result,  which  would  probably  have  been  otherwise,  had  a  larger  number  been  exa- 
i.ied),  the  average  shows  a  difference  of  4-i  lines  in  favour  of  the  Male. 
.  The  inequality  in  the  Weight  of  the  two  is  even  more  remarkable  ;  the  observations  of 
QueteletJ  were  made  upon  63  male  and  56  female  infants. 


Infants  weighing  from 


1 

u 

2 


to  li  kilog.  § 
to  2 
to  '>i 


Males.    Females.  Total. 


21  to  8 


to  3i 


3 

3^  to  4 
4 


to  4i  . 

;  3  extremes  and  means  were  as  follows: — 

Minimum  . 
Mean      .       .  j 
Maximum  . 


0 
0 

3 
13 
28' 
14 

5 


Males. 

2-  34  kilog. 

3-  20 

4-  50 


1 
1 
7 
14 
-  23 
7 
8 


Females. 

1-  12 

2-  91 
4-25 


1 
1 

10 
27 
51 
21 
8 


The  average  weight  of  infants  of  both  sexes,  as  determined  by  these  inquiries,  is  3'05 
.)g.  or  6*7  lbs. ;  and  this  corresponds  almost  exactly  with  the  statement  of  Chaussier, 
ose  observations  were  made  upon  more  than  20,000  infants.    The  mean  obtained  by  him,' 
;hout  reference  to  distinction  of  sex,  was  6'75  lbs.  ;  the  maximum  being  11*3  lbs.,  and 
minimum  3*2  Ibs.H    The  average  in  this  country  is  probably  rather  higher  ;  according  to 
Joseph  Clarke,1I  whose  inquiries  were  made  on  60  males  and  60  females,  the  average  of 
■le  children  is  7i  lbs. :  and  that  of  Females  6|lbs.    He  adds  that  children  which  at  the 
time  weigh  less  than  5  lbs.  rarely  thrive ;  being  generally  feeble  in  their  actions,  and 
ing  within  a  short  time.    Several  instances  are  on  record,  of  infants  whose  weight  at 
'th  exceeded  15  lbs.    It  appears  that  healthy  females,  living  in  the  country,  and  engaged 
Inactive  but  not  over-fatiguing  occupations,  have  generally  the  largest  children  ;  and  this  is 
I  at  might  be  expected  d  priori,  from  the  superior  energy  of  their  nutritive  functions. 


*  **  Sur  L'Homme,"  torn.  ii.  p.  8. 

I*  The  French  inch  is  about  one-fifteenth  more  than  the  English, 
t  Op.  Cit.  tom.  ii.  p.  35. 

I  The  kilogramme  is  equal  to  2^  lbs.  avoirdupois. 

I  These  numbers  have  been  erroneously  stated  in  many  Physiological  works ;  owing  to 
difference  between  the  French  and  English  pound  not  having  been  allowed  for. 
f[  "  Philosophical  Transactions,"  vol.  Ixxvi. 
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1017.  Notwithstanding  that,  in  any  ordinary  population,  there  is  a 
decided  preponderance  in  the  number  of  Females,  the  number  of  Male 
hirths  is  considerably  greater  than  that  of  females.  Taking  the  average 
of  the  whole  of  Europe,  the  proportion  is  about  106  Males  to  100 
Females.  It  is  curious,  however,  that  this  proportion  is  considerably 
different  for  legitimate  and  for  illegitimate  births ;  the  averac/e  of  the 
latter  being  only  102^  to  100,  in  the  places  where  that  of  the  former  was 
105f  to  100.  This  is  probably  to  be  accounted  for  by  the  fact,  which  is 
one  of  the  most  remarkable  contributions  that  have  yet  been  made  by 
Statistics  to  Physiology,  that  the  Sex  of  the  offspring  is  influenced  by  the 
relative  ages  of  the  parents.  The  following  table  expresses  the  average 
resiilts  obtained  by  M.  Hofacker*  in  Germany,  and  by  Mr.  Sadlert  in 
Britain;  between  which  it  will  be  seen  that  there  is  a  manifest  cor- 
respondence, although  both  were  dra-\vn  from  a  too  limited  series  of 
observations.  The  numbers  indicate  the  proportion  of  Male  births  to 
100  Females,  imder  the  several  conditions  mentioned  in  the  firet 
column, 

Hofacker.  Sadler. 
Fathor  younger  than  Mother  .       .    90*6       Father  younger  than  Mother  .     .  86-5 
Father  and  Mother  of  equal  age  .       90-0       Father  and  Mother  of  equal  age  94-8 
Father  older  by  1  to  6  years  .       .  103'4       Father  older  by  1  to   6  years      .  1037 
„       „        6  to  9       .       .     1247  „       „    'etoll    .      .  1267 

„       „        9  to  18        .       .  1437  „       „     11  to  16       .      .  1477 

„       „     18  and  more        .     200-0  „       „     16  and  more     .  163-2 

From  this  it  appears,  that  the  more  advanced  age  of  the  Male  parent  has 
a  very  decided  influence  in  occasioning  a  preponderance  in  the  number  of 
Male  infants;  and,  as  the  state  of  society  generally  involves  a  condition 
of  this  kind  in  regard  to  marriages,  whilst  in  the  case  of  illegitimate 
children  the  same  does  not  hold  good,  the  difference  in  the  proportional 
number  of  male  births  is  accoxmted-for.  We  are  not  likely  to  obtain  data 
equally  satisfactory  in  regard  to  the  influence  of  more  advanced  age  on 
the  part  of  the  Female  parent;  as  a  difference  of  10  or  15  years  on  that 
side  is  not  so  common.  If  it  exist  to  the  same  extent,  it  is  jDrobable  that 
the  same  law  would  be  found  to  prevail  in  regard  to  Female  childi-en 
born  under  such  circumstances,  as  has  been  stated  with  respect  to  the 
Male ; — namely,  that  the  mortality  is  greater  during  embryonic  life  and 
early  infancy,  so  that  the  prej)onderance  is  reduced. 

1018.  There  appears  to  be,  from  the  first,  a  difference  in  the  ViohiMy 
(or  probability  of  life)  of  Male  and  Female  children ;  for,  out  of  the  total 
number  born  dead,  there  are  3  Males  to  2  Females:  this  proportion 
gradually  lessens,  however,  dming  early  infancy;  being  about  4  to  3 
during  the  first  two  months,  and  about  4  to  5  during  the  next  three 
months;  after  which  time  the  deaths  are  nearly  in  proportion  to  the 
numbers  of  the  two  sexes  respectively,  until  the  age  of  puberty.  Ihe 
viability  of  the  two  sexes  continues  to  increase  during  childhood;  and 
attains  its  maximum  between  the  13th  and  14th  yeai'S.  For  a  short 
time  after  this  epoch  has  been  passed,  the  rate  of  mortality  is  higher  m 
Females  than  in  Males;  but  from  about  the  age  of  18  to  28,  the  mor- 
tality is  much  greater  in  Males,  being  at  its  maximum  at  25,  when  t  t 

*  "  Annales  d'llygiene,"  Oct.  1829.  +  "  Law  of  Population,"  vol.  ii.  V-  3-^3. 
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bility  is  only  half  what  it  is  at  puberty.    This  fact  is  a  very  striking- 
tie ;  and  sliows  most  forcibly  that  the  indulgence  of  the  passions  not 
ly  weakens  the  health,  but  in  a  great  number  of  instances  is  the  cause 
a  very  premature  death.    From  the  age  of  28  to  that  of  50,  the 
ortality  is  greater  and  the  viability  less  on  the  side  of  the  Female; 
is  is  what  would  be  anticipated  from  the  increased  risk  to  which  she  is 
tble  during  the  parturient  period.    After  the  age  of  50,  the  mortaUty 
.  nearly  the  same  for  both. 

.a.  These  facts  have  been  expressed  by  Quetelet  (Op.  cit.)  in  a  fonn  which  brings  them 
)rainently  before  the  eye  (Fig.  181).  The  relative  viability  of  the  Male  at  different  ages 
represented  by  a  curved  line  ;  the  elevation  of  which  indicates  its  degree,  at  the  respective 
liods  marked  along  the  base  line.  The  dotted  line  which  follows  a  different  curve,  repre- 
its  the  viability  of  the  Female.    Starting  from  a,  the  period  of  birth,  we  arrive  at  the 


h-  Fig.  181. 


Diagram  representing  the  Comparative  Viability  of  the  Male  and  Female  at  different  Ages. 


iximum  of  viability  for  both  at  b;  from  this  point,  the  Female  curve  steadily  descends 
wards  w,  at  first  very  rapidly,  but  afterwards  more  gradually;  whilst  the  Male  curve  does 
t  quite  descend  so  soon,  but  afterwards  falls  much  lower,  its  minimum  being  c,  which 
I  responds  with  the  age  of  25  years.  It  afterwards  ascends  to  d,  whicli  is  the  maximum  of 
)ility  subsequently  to  the  age  of  puberty;  this  point  is  attained  at  the  age  of  ;30  years, 
ill  which  period,  up  to  50,  the  probability  of  life  is  greater  in  the  Male  than  in  the  Female. 
I  the  decline  of  life  there  seems  little  difference  for  the  two  sexes. 

1019.  Similar  diagi-ams  have  been  consti-ucted  by  Quetelet,  to  indicate 
le  relative  Heights  and  Weights  of  the  two  sexes  at  different  ages 
%  182). 

«.  In  regard  to  Height  it  maybe  observed, that  the  increase  is  most  rapid  in  the  first  year, 
d  that  it  afterwards  diminishes  gradually;  between  the  ages  of  5  and  16  years,  the  annual 
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increase  is  very  regular.  The  difference  between  tlie  Height  of  the  Male  and  Female  whirl, 
has  been  already  stated  to  present  itself  at  birth,  continues  to  increase  during  infancy  2 
youth;  It  IS  not  very  decided,  however,  until  about  the  15th  year,  after  which  the  crowth  of 
the  l<eraale  proceeds  at  a  much  diminished  rate,  whilst  that  of  the  Male  continues  ii.  ne-irlJ 
the  same  degree,  until  about  the  age  of  19  years.  It  appears,  then,  that  the  Female  comes 
to  her  full  development  in  regard  to  Height,  earlier  than  does  the  Male.  It  seems  nrobablo 
from  the  observations  of  Quetelet,  that  the  full  Height  of  the  Male  is  not  generally  attained 
until  the  age  of  25  years.  At  about  the  age  of  50,  both  Male  and  Female  undergo  a  dimi 
iiution  of  their  stature,  which  continues  during  the  latter  part  of  life. 

Fig.  182. 
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Diagram  representing  the  Comparative  Heights  and  Weights  of  the  Male  and  Female  at 

different  ages. 

h.  The  proportional  Weight  of  the  two  sexes  at  different  periods,  corresponds  pretty 
closely  with  their  height.  Starting  from  birth,  the  predominance  then  exhibited  by  the  Male 
gradually  increases  daring  the  first  few  years  ;  but  towards  the  period  of  puberty,  the  pro- 
portional weight  of  the  Female  increases ;  and  at  the  age  of  1 2  years,  there  is  no  difference 
between  the  two  sexes  in  this  respect.  The  weight  of  the  Male,  however,  then  increases 
much  more  rapidly  than  that  of  the  Female,  especially  between  the  ages  of  15  and  20  years; 
after  the  latter  period,  there  is  no  considerable  increase  on  the  side  of  the  Male,  though  his 
maximum  is  not  attained  until  the  age  of  40  ;  and  there  is  an  absolute  diminution  on  the  part 
of  the  Female,  whose  weight  remains  less  during  nearly  the  whole  period  of  child-beanng. 
After  the  termination  of  the  parturient  period,  the  weight  of  the  Female  again  undergoes  an 
increase,  and  its  maximum  is  attained  about  50.  In  old  age,  the  weight  of  both  sexes 
undergoes  a  diminution  in  nearly  the  same  degree.  The  average  Weights  of  the  Male  and 
Female,  that  have  attained  their  full  development,  are  twenty  times  those  of  the  new-bom 
Infants  of  the  two  sexes  respectively.  The  Heights,  on  the  other  hand,  iire  about  3|  tunes 
as  great. 

1020.  The  chief  differences  in  the  Constitution  of  the  two  sexes,  mani- 
fest themselves  during  the  period  when  the  Generative  function  of  each 
is  in  the  greatest  vigour.  Many  of  these  distinctions  have  been  aU'caay 
alluded-to;  but  there  are  others  of  too  great  importance  to  be  overlooked; 
and  these  chiefly  relate  to  the  Nervous  System  and  its  functions.  There 
is  no  obvious  structural  difference  in  the  Nervous  System  of  the  two 
sexes  (putting  aside  the  local  peculiarities  of  its  distribution  to  the  orgaus 
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' '  generation),  save  the  inferior  size  of  the  Cerebral  Hemispheres  in  the 
emale.    This  difference,  which  is  not  observed  in  other  j)arts  of  the  Ence- 
i.ialou,  is  readily  acconnted-for  on  the  principles  formerly  stated  (§§  782, 
v")3),  when  we  compare  the  psychical  character  of  Woman  with  that  of 
aim  j  for  there  can  be  no  doubt  that — ^putting  aside  the  exceptional  cases 
Mch  now  and  then  occur — the  intellectual  powers  of  Woman  are  inferior 
those  of  Man.   Although  her  perceptive  faculties  are  more  acute,  her 
[.pability  of  sustained  mental  exertion  is  much  less;  and  though  her  views 
ve  often  peculiai'ly  distinguished  by  clearness  and  decision,  they  are  gene- 
lly  deficient  in  that  comprehensiveness  which  is  necessary  for  their 
xbihty.  With  less  of  the  volitional  powers  than  Man  possesses,  she  has  the 
lotional^ndi  instinctive  in  a  much  stronger  degree.    The  emotions,  there- 
l  e  predominate ;  and  more  frequently  become  the  leading  springs  of  action, 
an  they  are  in  Man.    By  their  direct  influence  upon  the  bodily  frame, 
ey  produce  changes  in  the  organic  functions,  which  far  surpass  in  degree 
ything  of  the  same  kind  that  we  ordinarily  witness  in  Man ;  and  they 
us  not  unfrequently  occasion  symptoms  of  an  anomalous  kind,  which 

t^e  very  perplexing  to  the  Medical  practitioner,  though  very  interesting  to 
ee  Physiological  obsei-ver.  But  they  also  act  as  powerful  motives  to  the 
ill ;  and,  when  strongly  called  forth,  produce  a  degree  of  vigour  and  do- 
mination, which  is  very  surprising  to  those  who  have  usually  seen  the 

t dividual  under  a  different  aspect.  But  this  vigour,  being  due  to  the 
vong  excitement  of  the  Feehngs,  and  not  to  any  inherent  strength  of 
•  tellect,  is  only  sustained  dming  the  persistence  of  the  motive,  and  fails 
soon  as  this  subsides.  The  feelings  of  Woman,  being  frequently  called 
th  by  the  occmTences  she  witnesses  around  her,  are  naturally  more 
interested  than  those  of  Man;  his  energy  is  more  concentrated  upon 
■  object ;  and  to  this  his  intellect  is  directed  Vith  an  earnestness  that 
»  frequently  either  blunts  his  feelings,  or  carries  them  along  in  the 
rae  channel,  thus  rendering  them  selfish.  The  intuitive  powers  of 
uman  are  certainly  greater  than  those  of  Man.  Her  perceptions  are 
)re  acute,  her  apprehension  quicker;  and  she  has  a  remarkable  power 
interpreting  the  feelings  of  others,  which  gives  to  her,  not  only  a  much 
Te  ready  sympathy  with  these,  but  that  power  of  guiding  her  actions 
as  to  be  in  accordance  with  them,  which  we  call  tact.  This  tact  bears 
;Iose  correspondence  with  the  adaptiveness  to  particular  ends,  which  we 
'  in  Instinctive  actions. — In  regard  to  the  inferior  development  of  her 
tollectual  powers,  therefore,  and  in  the  predominance  of  the  Instinctive, 
Oman  must  be  considered  as  ranking  below  Man ;  but  in  the  superior 
rity  and  elevation  of  her  Feelings,  she  is  as  highly  raised  above  him. 
r  whole  character,  Psychical  as  well  as  Corporeal,  is  beautifully 
opted  to  supply  what  is  deficient  in  Man ;  and  to  elevate  and  refine 
>.se  powers,  which  might  otherwise  be  directed  to  low  and  selfish 
jocts. 

5. — Of  Lactation, 

1021.  The  new-bom  Infant  in  the  Human  species,  as  in  the  class  of 
immalia  generally,  is  supplied  with  nourishment  by  a  secretion  elabo- 
od  from  the  blood  of  its  maternal  parent,  by  certain  glandular  organs 
own  as  the  Mammary.    The  structure  of  these,  which  has  been 
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thorouglily  investigated  by  Sir  A.  Cooper*  and  Mr.  Birkett,t  is  ex- 
tremely simple.  Each  gland  is  composed  of  a  number  of  separate 
glandules,  which  are  connected  together  by  fibrous  or  fascial  tissue,  in 
such  a  manner  as  to  allow  a  certain  degree  of  mobility  of  its  pai-ts,  one 
upon  another,  which  may  accommodate  tliem  to  the  actions  of  the  pec- 
toralis  muscle  whereon  they  are  bound  down ;  and  the  glandules  are  also 
connected  by  the  ramifications  of  the  lactiferous  tubes,  which  intermingle 
with  one  another  in  such  a  manner  as  to  destroy  the  simphcity  and 
xmiformity  of  their  divisions,  although  they  rarely  inosculate.  The  mam. 
miliars/  tubes,  or  terminal  ducts  contained  in  the  nipple,  are  usually  about 
ten  or  twelve  in  number;  they  are  straight,  but  of  somewhat  variable 
size ;  and  their  orifices,  which  are  situated  in  the  centre  of  the  nipple,  and 
are  usually  concealed  by  the  overlapping  of  its  sides,  are  narrower  than 
the  tubes  themselves.    At  the  base  of  the  nipple,  these  tubes  dilate*into 


Fig.  183. 


Distribution  of  the  Milk-ducts  in  the  Mamma  of  the  Human  female,  dunug  lactation;  the  ducts 

injected  with  wax. 

reservoirs,  which  extend  beneath  the  areola  and  to  some  distance  mto  the 
gland,  when  the  breast  is  in  a  state  of  lactation.    These  ai-e  '^^^ii 
in  many  of  the  lower  Mammalia,  tlian  they  are  in  the  Jlumau 

"  «  On  the  Anatomy  of  the  Breast,"  1840.  „  loKn 

t  "  The  Diseases  of  the  Breast,  and  their  Treatment,  l»f 
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leir  use  is  to  supply  the  immediate  wants  of  the  child  when  it  is  first 
phcd  to  the  breast,  so  that  it  shall  not  be  disappointed,  but  shall  be 
iluced  to  proceed  with  sucking  until  the  'di-aught'  be  occasioned  (§948), 
lom  each  of  these  reservoirs  commence  five  or  six  branches  of  the 
diferom  tubes,  each  of  which  speedily  subdivides  into  smaller  ones ;  and 
lese  aguin  divaricate,  until  their  size  is  very  much  reduced,  and  their 
tent  greatly  increased  (Fig,  183),  These,  like  the  reservoirs  and  mam- 
illaiy  tubes,  are  composed  of  a  fibrous  coat  lined  by  a  mucous  mem- 
aue ;  the  latter  is  highly  vascular,  and  forms  a  secretion  of  its  own,  which 
nietimes  collects  in  considerable  quantity  when  the  milk  ceases  to  be 
■educed.  The  smaller  subdivisions  of  the  lactiferous  tubes  proceed  to  dis- 
Qct  lobuli  in  each  glandule ;  so  that  when  a  branch  of  a  mammary  tube 
IS  been  filled  with  injection,  its  attached  lobules,  if  separated  from  each 
her  by  long  maceration,  are  like  a  bunch  of  fruits  clustered  upon  a  stalk 
ig,  184),  When  the  lactiferous  tubes  are  pursued  to  their  ultimate  distri- 
ition,  they  ai'e  found  to  terminate  in  follicles,  whose  size,  in  full  lacta- 
m,  is  that  of  a  hole  pricked  in  paper  by  the  point  of  a  very  fine  pin,  so 
Lit  when  distended  with  quicksilver  or  milk,  they  are  just  visible  to  the 
ked  eye;  at  other  times,  however,  the  follicles  do  not  admit  of  being 
jected,  though  the  lactiferous  tubes  may  have  been  completely  filled. 

Fig.  184.  Fig,  185. 


Termination   of  portion  of 
Milk-duct  in  a  cluster  of  folli-  Ultimate  follicles  of  Mammary 

cles;  from  a  mercurial  injection;  gland,  with  their  secreting  cells, 

enlarged  four  times.  a,  a ; — b,  b,  the  nuclei. 


ey  are  lined  by  a  continuation  of  the  same  membrane,  with  that  which 
OS  the  ducts  j  and  this  possesses  a  high  vascularity.  The  arteries 
ich  supply  the  glandules  with  blood,  become  very  large  during  lacta- 
uj  and  their  divisions  spread  themselves  minutely  on  the  follicles, 
om  the  blood  which  they  convey,  the  milk  is  secreted  and  poured  into 
3  follicles,  whence  it  flows  into  the  ducts.  The  inner  surface  of  the 
Ik-follicles,  in  common  with  other  glandular  structures,  is  covered  vrith 
lyer  of  epithelium-cells  (Fig.  185),  as  was  first  observed  by  Prof  Good- 
:  and  these,  being  seen  to  contain  milk-globules,  may  without  doubt  be 

irdcd  as  the  real  agents  in  the  secreting  process.    Absorbent  vessels 

seen  to  arise  in  large  numbers  in  the  neighbourhood  of  the  follicles ; 
■ir  function  appears  to  be,  to  absorb  the  more  watery  part  of  the  milk 
itained  in  the  follicles  and  tubes,  so  as  to  render  it  more  nutrient  than 
s  when  first  secreted ;  and  also  to  relieve  the  distension  which  would 

iir,  during  the  absence  of  the  child,  from  the  continuance  of  the 
i  cting  process, — The  Mammary  gland  may  be  detected  at  an  early 
iod  of  foetal  existence;  being  easily  distinguishable  from  the  suiTound- 

parts,  by  the  redness  of  its  colour  and  its  high  vascularity,  especially 
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when  the  whole  is  injected.  At  this  period,  it  presents  no  difference  in 
the  male  and  female ;  and  it  is  not  until  near  the  period  of  puberty  that 
any  striking  change  manifests  itself,  the  gland  continuing  to  grow,  in  the 
one  sex  as  in  the  other,  in  proportion  to  the  body  at  large.  At  about  the 
age  of  thirteen  yeai's,  however,  the  enlargement  of  the  gland  commences 
in  the  Female;  and  by  sixteen,  it  is  greatly  evolved,  and  some  of  the 
lactiferous  tubes  can  be  injected.  At  about  the  age  of  twenty,  the  gland 
attains  its  full  size  previous  to  lactation;  but  the  milk-follicles  cannot 
even  then  be  injected  from  the  tubes.  During  pregnancy,  the  mammae 
receive  a  greatly-increased  quantity  of  blood.  This  determination  often 
commences  very  early,  and  produces  a  feeling  of  tenderness  and  disten- 
sion, which  is  a  valuable  sign  (where  it  exists  in  connection  with  others) 
of  the  commencement  of  gestation.  The  Areola  at  this  time  becomes 
darker  in  its  colour,  and  thicker  in  substance,  and  also  more  extended; 
its  papillae  become  more  developed,  and  the  secretion  from  its  foUicles 
increases.  A  true  lacteal  secretion  usually  commences  about  the  third 
or  foiu'tli  month  of  pregnancy,  and  may  be  obtained  by  pressure  properly 
applied.  This  fact  may  be  usefully  applied  in  diagnosing  cases  of  con- 
cealed or  doubtful  pregnancy  from  cases  of  simple  suppression  of  the 
catamenia;  but  it  will  not  serve  to  distinguish  true  pregnancy  fi."om 
spurious,  or  from  the  distension  of  the  uterus  by  tumours.*  The  vascu- 
larity of  the  gland  continues  to  increase  during  pregnancy;  and  at  the 
time  of  partmition,  its  lobulated  character  can  be  distinctly  felt.  The 
foUicles  are  not,  however,  developed  sufficiently  for  injection,  until  lacta- 
tion has  commenced.  After  the  cessation  of  the  catamenia  from  age,  so 
that  pregnancy  is  no  longer  possible,  the  lactiferous  ducts  continue  open, 
but  the  milk-follicles  are  incapable  of  receiving  injection.  The  substance 
of  the  glandules  gradually  disappears,  so  that  in  old  age  only  portions  of 
the  ducts  remain,  which  are  usually  loaded  with  mucus ;  but  the  place  of 
the  glandules  is  commonly  filled  up  by  adipose  tissue,  so  that  the  form^  of 
the  breast  is  preserved.  Sir  A.  Cooper  notices  a  curious  change,  which 
he  states  to  be  almost  invariable  with  age ;  namely,  the  ossification  of  the 
arteries  of  the  breast,  the  large  trunks  as  well  as  the  branches,  so  that 
their  calibre  is  greatly  diminished  or  even  obliterated. — The  Mammaiy 
gland  of  the  Male  is  a  sort  of  miniature  picture  of  that  of  the  Female.  It 
varies  extremely  in  its  magnitude,  being  in  some  persons  of  the  size  oi  a 
large  pea ;  whilst  in  others  it  is  an  inch,  or  even  two  inches,  iii  diameter. 
In  its  structure  it  corresponds  exactly  with  that  of  the  female,  but  is 
altogether  on  a  smaller  scale.  It  is  composed  of  lobides  containing 
follicles,  from  which  ducts  arise;  and  these  follicles  and  ducts  are  110**°° 
minute  to  be  injected,  although  with  difficulty.  The  evolution  ot  tue 
gland  goes  on  pari  passu  with  that  of  the  body,  not  undergoing  aja 
increase  at  any  particular  period;  it  is  sometimes  of  considei-able  size  1 
old  age.  A  fluid,  which  is  probably  mucus,  may  be  pressed  from  tu^ 
nipple  in  many  persons;  and  this  in  the  dead  body,  with  even  ni 
facility  than  in  the  living.  That  the  essential  character  of  the  glana 
the  same  in  the  male  as  in  the  female,  is  shown  by  the  J'^^^'^'^^^^g^j 
which  there  are  now  several  on  record,  in  which  infants  have  been  su 
by  men  (§  1022).  ^^^^.^^^ 

*  See  the  valuable  paper  by  Dr.  Peddie, '  On  the  Miijmnary  Secretion,'  in  the 
Monthly  Journ.,"  Aug.  1848. 
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1022.  Although  the  state  of  functional  activity  in  the  Mammary  gland 
<  usually  limited  to  the  epoch  succeeding  Parturition,  yet  this  is  not 
uvai-iably  the  case;  for  numerous  instances  are  on  record,  in  which 
nmg  women  who  have  never  borne  children,  and  even  old  women  long 
ist  the  period  of  child-bearing,  have  had  such  a  copious  flow  of  milk  as 
:o  be  able  to  act  as  efl&cient  nurses.*    In  these  cases,  the  strong  desire  to 
urnish  milk,  and  continued  ii-ritation  of  the  nipple  by  the  infant's 
iiouth,  seem  to  have  furnished  the  stimulus  requisite  for  the  formation 
)f  the  secretion  j  and  it  has  been  found  that  this  is  usually  adequate  to 
'esto7'e  the  secretion,  after  it  has  been  intermitted  for  some  months 
liu'ing  the  ordinaiy  period  of  lactation,  in  consequence  of  disorder  or 
lebihty  on  the  part  of  the  mother,  or  any  other  cause  j  so  that  where 
ler  condition  renders  it  advisable  that  she  should  discontinue  nursing 
or  a  time,  the  child  may  be  withdrawn  and  the  milk  '  dried-up,'  with  a 
■onfident  expectation  that  the  secretion  may  be  reproduced  subse- 
[uently.t    Dr.  M'WiUiam  mentions  in  his  Eeport  of  the  Niger  Expe- 
lition,!  that  the  inhabitants  of  Bona  Vista  (CajDe  de  Verde  Islands)  are 
ccustomed  to  provide  a  wet-nurse  in  cases  of  emergency,  in  the  person 
.  if  any  woman  who  has  once  borne  a  child  and  is  still  within  the  age  of 
||;  hild-bearing,  by  continued  fomentation  of  the  mammse  with  a  decoction 
f  the  leaves  of  the  jatropha  curcas,  and  by  suction  of  the  nipple.  The 
aost  curious  fact,  however,  is  that  even  Men  should  occasionally  be  able  to 
erform  the  duties  of  nurses,  and  should  afford  an  adequate  supply  of  infan- 
ile  nutriment.  Several  cases  of  this  kind  are  upon  record  j§  but  one  of  the 
lost  recent  and  authentic  is  that  given  by  Dr.  Dunglison.  ||    "  Professor 
iall,  of  the  university  of  Maryland,  exhibited  to  -his  Obstetrical  class,  in 
le  year  1837,  a  coloured  man,  fifty-five  years  of  age,  who  had  large,  soft, 
eU-formed  mammse,  rather  more  conical  than  those  of  the  female,  and 
rejecting  fully  seven  inches  from  the  chest;  with  perfect  and  large  nipples, 
he  glandular  structm-e  seemed  to  the  touch  to  be  exactly  like  that  of 
le  female.    This  man  had  officiated  as  wet  n\irse,  for  several  years,  in 
le  family  of  his  mistress ;  and  he  represented  that  the  secretion  of  milk 
as  induced  by  applying  the  children  entrusted  to  his  care,  to  the  breasts, 
iiring  the  night.  When  the  milk  was  no  longer  required,  great  difficulty 
as  experienced  in  an-esting  the  secretion.    His  genital  organs  were 
lily  developed." — CoiTesponding  facts  are  also  recorded  of  the  male  of 
3veral  of  the  lower  animals. 

1 1023.  The  secretion  of  Milk  consists  of  Water  holding  in  solution 
*  A  collection  of  such  cases  is  given  in  Dr.  Dunglison's  "  Human  Physiology,"  7th  edit., 
'1.  ii.  p.  513. 

t  See  an  account  of  M.  Trousseau's  experience  on  this  point,  in  "  L'Union  M6dicale," 
:  V2,  No.  7;  and  a  paper  by  Dr.  Ballon  in  the  "  Amer.  Journ.  of  Med.  Sci.,"  Jan.  1852. 
t  "  Medical  Gazette,"  Jan,  1847. 

§  See  the  case  described  by  the  Bishop  of  Cork,  in  the  "  Philosophical  Transactions," 
'■  xli.  p.  813  :  one  mentioned  by  Captain  Franklin  ("  Narrative  of  a  Journey  to  the  Polar 

I,"  p.  1 57) ;  and  one  which  fell  under  the  notice  of  the  celebrated  traveller  Humboldt 

Personal  Narrative,"  vol.  iii.  p.  58). 

"  Human  Physiology,"  7th  edit.,  vol.  ii.  p.  514.— Dr.  Dunglison  also  mentions  that  in 
•  winter  of  1849-50,  an  athletic  man,  twenty-two  years  of  age,  presented  himself  at  the 
;i'erson  Medical  College  at  Philadelphia;  whose  left  mamma,  wiihoui  any  assignable  cause, 

ame  greatly  developed,  and  secreted  milk  copiously. — It  may  be  added  that  a  lactescent 
III,  apparently  presenting  the  characters  of  true  milk,  may  frequently  be  expressed  from  the 
tiiimary  glands  of  infants.    (See  "  Dublin  Medical  Press,"  April  17,  1850). 
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Sugar,  various  Saline  ingi-edients,  and  the  peculiar  albuminous  substance 
termed  Casein ;  and  having  Oleaginous  particles  suspended  in  it.  The 
constitution  of  this  fluid  is  made  evident  by  the  ordinary  processes  to 
which  it  is  subjected  in  domestic  economy.    If  it  be  allowed  to  stand  for 
some  time,  exposed  to  the  air,  a  large  part  of  the  oleaginous  globules 
come  to  the  surface,  being  of  less  specific  gravity  than  the  fluid  through 
which  they  are  diffiised.    At  the  same  time,  there  is  reason  to  believe 
that  they  undergo  a  change,  which  will  be  presently  described.  The 
cream  thus  formed  does  not,  however,  consist  of  oily  particles  alone ;  but 
includes  a  considerable  amount  of  casein,  with  the  sugar  and  salts  of  the 
milk.    These  are  further  separated  by  the  continued  agitation  of  the 
cream ;  which,  by  rupturing  the  envelopes  of  the  oil-globules,  separates  it 
into  butter,  formed  by  then'  aggregation,  and  buttermilk,  containing  the 
casein,  sugar,  &c.    A  considerable  quantity  of  casein,  however,  is  en- 
tangled with  the  oleaginous  matter,  and  this  has  a  tendency  to  decom- 
pose, so  as  to  render  the  butter  rancid ;  it  may  be  separated  by  keeping 
the  butter  melted  at  the  temperature  of  180°,  when  the  casein  wiU  fall  to 
the  bottom,  leaving  the  butter  pure  and  much  less  liable  to  change. — The 
milk,  after  the  cream  has  been  removed,  still  contains  the  greatest  part 
of  its  casein  and  sugar.    If  it  be  kept  long  enough,  a  spontaneous  change 
takes  place  in  its  composition;  the  sugar  is  converted  into  lactic  acid, 
and  this  coagulates  the  casein,  j)recipitating  it  in  small  flakes.  The 
same  precipitation  may  be  accomplished  at  any  time,  by  the  addition  of 
an  acid;  all  the  acids,  however,  which  act  upon  albumen,  do  not  preci- 
pitate casein,  as  will  presently  be  pointed  out  in  detail;  the  most 
effectual  is  that  contained  in  the  dried  stomach  of  a  calf,  known  as 
rennet.    The  whey  left  after  the  curd  has  been  separated,  contains  a 
large  proportion  of  the  saccharine  and  saline  matter  that  entered  into 
the  original  composition  of  the  milk;  this  may  be  readily  sepai'ated  by 
evaporation. — When  Milk  is  examined  with  the  Microscope,  it  is  seen  to 
contain  a  large  number  of  particles  of  irregular  size  and  form,  suspended 
in  a  somewhat  turbid  fluid ;  these  particles  vary  in  size  from  about  the 
l-12,700th  to  the  l-3040th  of  an  inch;  and  they  are  termed  'milk- 
globules.'    They  are  not  affected  by  the  mere  contact  of  ether  or  alka- 
lies; but  if  these  reagents  are  shaken  with  them,  an  immediate  solution 
is  the  result.    The  same  effect  happens,  if  they  are  first  treated  with 
acetic  acid.    Hence  it  is  evident,  that  the  globules  consist  of  oily  matter, 
inclosed  in  an  envelope  of  some  kind:   and  an  extremely  deUcate 
pellicle  may,  in  fact,  be  distinguished,  after  the  removal  of  the  oily 
matter  by  ether,  or  after  the  globules  have  been  ruptured  and  their 
contents  pressed-out  by  rubbing  a  di-op  of  milk  between  two  plates  ot 
glass.    No  proof  of  the  organization  of  this  pellicle  has,  however,  been 
detected;  and  it  is  probably  to  be  regarded  as  the  simple  result  ot  tne 
contact  of  oil  with  albuminous  matter  (§  42).— Besides  *^ese  milK- 
globules,  other  globules  of  much  smaller  size  are  seen  in  milk;  ^^^"-"^  * 
present  the  peculiar  movement  which  is  exhibited  by  molecules 
general.    Most  of  them  seem  to  consist  of  oily  matter  not 
an  envelope,  as  they  are  at  once  dissolved  when  the  fluid  is  treated  ^ 
ether;  but,  according  to  the  statements  of  Donn6,  it  would  seem  tm^^^'^ 
portion  of  them  are  composed  of  casein,  suspended,  not  dissolved,  n  ^^^^ 
fluid.    In  addition  to  the  foregoing  particles,  there  ai-e  found  i 
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dostmm,  or  milk  first  secreted  after  delivery,  large  yellow  granulated 
orpuscles,  Avhich  seem  to  be  composed  of  a  multitude  of  small  gi-ains 
iggregated  together;  these  appear  to  be  chiefly  of  a  fatty  nature,  being 
'or  the  most  part  soluble  in  ether;  but  traces  of  some  adliesive  matter, 
irobably  mucus,  holding  together  the  particles,  are  then  seen.  They  are 
•onsidered  by  some  as  '  exudation-corpuscles,'  to  which  they  certainly 
jear  a  close  resemblance;  according  to  Reinhardt,  they  are  transfor- 
nations  of  the  epithehal  cells  of  the  mammary  ducts,  the  result  of  a  sort 
fatty  degeneration  or  regressive  metamorphosis  consequent  upon  the 
ocuhar  activity  of  the  mammary  gland  during  pregnancy.*  Lamellae 
if  epithelium  are  also  found  in  the  milk. — All  the  larger  globules  may  be 
emoved  by  repeated  filtration ;  and  the  fluid  is  then  nearly  transparent, 
rhis,  in  fact,  is  the  simplest  way  of  separating  the  oleaginous  from  the 
)ther  constituents  of  the  milk ;  as  but  httle  casein  then  adheres  to  the 
brmer.    That  the  transparent  fluid  which  has  passed  through  the  filter 

jatains  nearly  the  whole  amount  of  the  casein  of  the  milk,  appears 
I  sufl&cient  proof  that  this  is,  for  the  most  part,  truly  dissolved  in 
he  fluid. 

1024.  We  shall  now  consider  the  chemical  characters  of  each  of  the 

regoing  ingredients. — The  Oleaginous  matter  of  milk  principally  con- 
>ists  of  the  ordinary  components  of  fat  (§  37);  but  it  also  contains 
mother  substance  peculiar  to  it,  designated  as  hutyrin,  to  which  the 
)eculiar  smell  and  taste  of  butter  are  due ;  this  yields  in  saponification 
:hree  volatile  acids,  of  strong  animal  odour,  to  which  Chrevreul  has 
;iven  the  names  of  butyric,  caproic,  and  capric  acids.  These  peculiar, 
icids  are  not  only  formed  when  the  butpin  is  "treated  with  alkalies ;  but 
u'e  produced  by  the  ordinary  decomposition  of  this  principle,  which  is 
avoured  by  time  and  moderate  warmth. — The  Casein  of  Human  milk, 
lowever,  is  usually  said  to  be  much  less  precipitable  by  acids,  than  is 
liat  of  the  Cow;  very  commonly  resisting  the  action  of  the  mineral 
I'-ids,  and  even  that  of  the  acetic;  but  being  always  coagulated  by 

■auet,  though  the  curd  is  long  in  collecting.    On  this  point,  however, 

liere  has  been  much  discrepancy  of  statement,  on  which  the  recent  ex- 
periments of  Mr.  Moore  t  throw  some  light.  It  appears  from  the  results 
■btained  by  him,  that  Human  Milk  forms  with  most  acids  two  sets  of 

^mpoimds,  one  of  them  soluble  in  water,  the  other  insoluble;  the  latter 
•toing  formed  only  when  the  quantity  of  acid  is  large  in  proportion  to  the 
casein.  Thus,  when  two  fluid  ounces  of  Cow's  milk  were  boiled  with  a 
single  di'op  of  nitric  acid,  complete  coagulation  of  the  casein  at  once 
took  place :  but  when  two  fluid  drachms  of  Human  milk  were  treated  in 
tiie  same  manner,  no  coagulation  occurred,  though  the  casein  was  at  once 

lirown  down  by  a  solution  of  ferrocyanide  of  potassium;  the  same 
iuantity  of  milk,  with  five  drops  of  the  acid,  formed  a  coagulum  which 
was  not  very  manifest  until  after  the  lapse  of  five  hours,  but  was  very 
'ompiete,  the  serous  fluid  not  being  found  to  contain  any  casein  by 

■sting  it  with  feiTocyanide  of  potassium;  and  it  required  ten  drops  of 
iiitric  acid  to  produce  immediate  coagidation. — The  quantity  of  acid 
necessary  to  produce  coagidation  sufficiently  rapid  to  be  immediately 

"  See  an  abstract  of  his  views  in  the  "  Edinb.  Monthly  Journal,"  for  Feb.  1848. 
t  "  Dublin  Quarterly  Journal  of  Medical  Science,"  vol.  vii.  p.  280. 
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visible,  will  vary  with  the  amount  of  casein  present  in  the  particular 
specimen  of  milk,  5  drops  in  some  instances  producing  a  coagulation 
as  rapid  as  that  produced  by  10  di'ops  in  others.  In  no  specimen 
did  Mr.  Moore  fail  to  produce  coagulation  by  adding  a  sufficiency  of  acid. 
Acetic  acid  without  heat  produces  in  Human  milk  a  slow  separation  of 
soft  flaky  coagula;  but,  when  heat  is  employed,  a  more  perfect  coagu- 
lation is  produced  by  small,  than  by  large  quantities  of  this  acid.  Rennet 
does  not  seem  to  act  upon  the  casein  of  Human  milk,  unless  an  acid  be 
also  present.  In  several  of  these  particulars,  as  well  as  in  its  small 
proportional  amount,  the  Casein  of  Ass's  milk  bears  a  closer  resemblance 
to  that  of  Human  milk,  than  does  that  of  the  Cow, — The  Sugar  of  Milk, 
which  may  be  obtained  by  evaporating  whey  to  the  consistence  of  a 
syrup,  and  then  setting  it  aside  to  crystallize,  forms  opaque  prisms  or 
rhombohcdra,  whose  composition  is  1 0  C,  8  H,  8  0  +  2  HO.  In  many  of 
its  proj)erties  it  bears  a  close  resemblance  to  Glucose  (§  45),  into  which 
it  is  readily  converted  by  the  agency  of  dilute  sulphuric  or  hydrochloric 
acid,  or  by  the  acetic  or  citric  acids.  It  is  readily  made  to  pass  into  the 
lactic  and  butyric  fermentation,  by  the  appropriate  ferments;  but  is 
with  difficulty  brought  to  undergo  the  vinous  fermentation. — The  Saline 
matter  contained  in  milk,  appears  to  be  nearly  identical  with  that  of  the 
blood ;  with  a  larger  proportion  of  the  phosphates  of  lime  and  magnesia, 
which  amount  to  2  or  2^  parts  in  1000,  These  phosphates  are  held  in 
solution  chiefly  by  the  casein,  which  seems  to  have  a  power  of  com- 
bining with  them,  even  greater  than  that  of  albumen  :  the  presence  of  a 
minute  proportion  of  free  alkali,  also,  assists  their  solution,  A  small 
portion  of  iron  in  the  state  of  phosphate,  together  with  the  chlorides  of 
potassiiam  and  sodium,  may  also  be  detected  in  milk.* 

1025,  The  proportion  of  these  different  constituents  is  liable  to  gi'eat 
vai'iation,  from  several  causes.  Thus,  the  whole  amount  of  the  solid  con- 
stituents may  vary  from  86  to  138-6  parts  in  1000;  the  difference  being 
partly  due  to  individual  constitution,  but  in  great  pai't,  also,  to  the 
amoimt  and  character  of  the  ingesta.  The  average  seems  to  be  between  100 
and  120  parts.  The  following  are  the  results  of  the  analyses  of  Simon; 
the  first  column  being  the  average  of  fourteen  observations  upon  the 
same  woman ;  the  second  giving  the  maximum  of  each  ingredient;  and 
the  third  the  minimum  : — 

Water  .... 
Butter  .... 
Casein  .... 
Sugar  of  Milk  and  extractive  matters  . 
Fixed  salts 

It  also  appears  from  the  analyses  of  Simon,  that  the  proportion  of  the 
different  ingredients  is  liable  to  variation,  according  to  the  time  which 
has  elapsed  since  parturition.  The  quantity  of  Casein  is  at  its  minimiim 
at  the  commencement  of  lactation,  and  then  gradually  rises  until  it  attains 
a  nearly  fixed  proportion.  The  quantity  of  Sugar,  on  the  contrary,  is  at 
its  maximum  at  first,  and  gradually  diminishes.  The  amount  of  Butter 
(as  appears  from  the  wide  extremes  shown  in  the  above  tables)  is  more 
variable  than  that  of  any  other  constituent.— That  some  of  the  variations 
ai-e  due,  moreover,  to  the  character  of  the  ingesta,  and  others  to 
*  Ilaidlen  in  "  Annalen  der  Chemie  und  Pharmacie,"  band  xlv.  p.  263. 
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xternal  temperature,  amount  of  exercise,  and  other  circumstances  affect- 
iig  the  individual,  is  proved  by  the  inquiries  of  Dr.  Playfair  upon  the 
Alilk  of  the  Cow.  He  has  shown  that  the  amount  of  butter  depends  in 
part  upon  the  quantity  of  oily  matter  in  the  food,  and  in  part  upon  the 
uuount  of  exercise  which  the  animal  takes,  and  the  warmth  of  the  atmo- 
^phere  in  which  it  is  kept  :  exercise  and  cold,  by  increasing  the  respira- 
tion, eliminate  part  of  the  oily  matter  in  the  form  of  carbonic  acid  and 
water;  whilst  rest  and  warmth,  by  diminishing  this  di'ain,  favour  its 
passage  into  the  milk.  The  proportion  of  Casein,  on  the  other  hand,  is 
increased  by  exercise.  Dr.  Playfair's  experience  on  this  head  seems  to 
.  coiTespond  with  the  results  of  common  observation  in  Switzerland  ;  for 

(.  where  the  cattle  pasture  in  very  exposed  situations,  and  are  obliged  to  use 
m  great  deal  of  muscidar  exertion,  the  quantity  of  butter  yielded  by  them 
i.is  very  small,  whilst  the  cheese  is  in  unusually  large  proportion ;  but 
these  very  cattle,  when  stall-fed,  give  a  large  quantity  of  butter  and  very 
little  cheese. 

1026.  The  change  which  naturally  takes  place,  from  the  condition  of 
(.Colostrum  to  that  of  true  Milk,  during  the  first  week  of  lactation,  is  a 
vvery  important  one.  The  Colostrum  has  a  purgative  effect  upon  the 
ichild,  which  is  very  useful  in  clearing  its  bowels  of  the  meconium  that 
lloads  them  at  birth;  and  thus  the  necessity  of  any  other  purgative  is 
ggenerally  superseded.  Occasionally,  however,  the  colostric  character  is 
rretained  by  the  milk,  duiing  an  abnormally  long  period;  and  the  health 
oof  the  infant  is  then  severely  affected.  It  is  important  to  know  that  this 
mnay  occur,  even  though  the  milk  may  present  all  the  usual  appearance 
cof  the  healthy  secretion ;  but  the  microscope  ^at  once  detects  the  differ- 
eance.*  The  return  to  the  character  of  the  early  milk,  which  has  been 
sstated  to  take  place  after  the  expiration  of  about  twelve  months,  seems  to 
iindicate  that  Nature  designs  the  secretion  no  longer  to  be  encouraged. 
IThe  mother's  milk  cannot  then  be  so  nutritious  to  the  child  as  other 
ffood  ;t  and  eveiy  medical  man  is  familiar  with  the  injurious  conse- 

:iuences  to  which  she  renders  herself  liable,  by  unduly  prolonging  lacta- 
tion. J    Cases  are  not  imfrequent,  however,  in  which  the  secretion  con- 
.tinues  as  long  as  there  is  a  demand  for  it;  and  sometimes  quite  indepen- 
i  dently  of  this.     It  is  the  habit,  among  some  nations,  to  suckle  the 
:  children  until  they  are  three  or  four  years  old,  and  to  continue  doing  so 
ven  though  another  pregnancy  should  supervene  ;§  so  that  the  older 
jliild  is  only  displaced  by  the  arrival  of  another  infant.    And  it  seems  to 
iiC  chiefly  among  those  who  have  thus  forced  the  mammary  gland  into 
I  state  of  unnaturally  persistent  activity,  that  the  spontaneous  and  irre- 
pressible flow  continues,  after  the  demand  for  it  has  ceased.  || 

1027.  It  is  very  interesting  to  observe  that  Milk  contains  the  three 
classes  of  principles  which  are  required  for  human  food, — the  Albuminous, 

*  See  Donn6,  "  Du  Lait,  et  cn  particulier  celui  des  Nourrices"  and  "  Brit,  and  For.  Med. 
flleview,"  vol.  vi.  p.  181, 

+  On  the  whole  subject  of  Infant  Nutrition,  the  Author  would  strongly  recommend  the 
excellent  little  work  of  Dr.  A.  Combe,  formerly  referred- to. 

X  One  of  these,  which  has  particularly  fallen  under  the  Author's  notice,  is  debility  of  the 
retina,  sometimes  proceeding  to  complete  amaurosis ;  this,  if  treated  in  time,  is  most  com- 
monly relieved  by  discontinuance  of  lactation,  generous  diet,  and  quinine. 

$  See  Erman's  "Travels  in  Siberia"  (translated  by  Coolcy),  vol.  ii.  p.  527;  and  the 

Narrative  of  the  United  States'  Exploring  Expedition,"  vol.  ii.  p.  138. 

II  Thus  Dr.  Green  has  publi-shed  ("New  York  Joum.  of  Med.  and  Surg.,"  Sept.  1(344) 
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the  Oleaginous,  and  the  Saccharine ;  and  it  is  the  only  secreted  fluid  in 
which  these  all  exist  to  any  considerable  amount.  It  is,  therefore,  the  food 
most  perfectly  adapted  for  the  young  animal ;  and  is  the  only  single  article 
supplied  by  nature,  in  which  such  a  combination  exists.  Our  artificial 
combinations  will  be  suitable  to  replace  it,  just  in  proportion  as  they 
imitate  its  character;  but  in  none  of  them  can  we  advantageously  dis- 
pense with  milk,  imder  some  form  or  other.  It  should  be  remembered 
that  the  Saline  ingredients  of  milk,  especially  the  phosphates  of  hme 
magnesia,  and  iron,  have  a  very  important  function  in  the  nutiition  of 
the  infant,  affording  the  material  for  the  consolidation  of  its  bones  and 
for  the  production  of  its  red  blood-coi-puscles ;  and  any  fluid  substituted 
for  milk,  which  does  not  contain  these,  is  deficient  in  essential  consti- 
tuents. It  is  very  justly  remai'ked  by  Dr.  Rees,*  that,  of  all  the  secreted 
fluids.  Milk  is  most  neai-ly  allied  in  its  composition  to  Blood. 

1028.  The  proportion  of  the  different  ingredients  in  the  Milk  of  dif- 
ferent animals,  is  subject  to  considerable  variation  :  and  this  fact  is  of 
much  practical  importance  in  guiding  our  selection,  when  good  Human 
milk  cannot  be  conveniently  obtained  for  the  nourishment  of  an  infant. 
The  first  point  to  be  inquired  into,  is  the  quantity  of  solid  matter  con- 
tained in  each  kind ;  this  may  be  determined  either  by  evaporation,  or  by 
the  specific  gravity  of  the  fluid.  The  Specific  Gravity  of  Human  milk  is 
stated  by  Di'.  Rees  (loc.  cit.)  to  vary  between  1030  and  1035;  others, 
however,  have  estimated  it  much  lower.  That  of  the  Cow  appears  to  be 
usually  about  the  same;  that  of  the  cream,  however,  being  1024,  and 
that  of  the  skimmed  milk  about  1035.  The  variation  will  in  part  depend 
(as  in  the  case  of  the  urine)  upon  the  quantity  of  fluid  ingested,  and  in 
part,  it  is  probable,  upon  the  manner  in  which  the  milk  is  drawn ;  for  it 
is  well  known  to  milkers,  that  the  last  milk  they  obtain  is  much  richer 
than  that  with  which  the  udder  is  distended  at  the  commencement 
The  quantity  of  solid  matter  obtainable  fi'om  Human  and  from  Cow's 
Milk  by  evaporation,  seems,  like  the  specific  gravities  of  the  fluids,  to  be 
nearly  the  same.  In  the  relative  proportion  of  the  ingredients,  however, 
there  is  a  considerable  difference ;  there  being  much  more  sugar  and  less 
casein  in  Human  Milk,  than  in  that  of  the  Cow.  The  following  table 
exhibits  the  relative  proportions  of  the  different  ingredients,  in  the  MUk 
of  various  animals  from  which  that  fluid  is  commonly  obtained  : — 

Cow.  Goat.  Sheep.       Ass.  Mare. 

Water    .          .          .          .     861-0  868-0  8.56"2  907-0  896-3 

Butter          .          .          .          .38-0  33-2  42-0       12-10  traces 

Casein     ....      68-0  40-2  45-0       16-74  16-2 

Sugar  of  Milk  and  extractive  matters  29-0  52-8  50-0  ^     6-^-31  87-5 

Fixed  salts         .          .          .6-1  5-8  6-8  J 

It  appears  from  this,  that,  whilst  the  milks  of  the  Cow,  Goat,  and  Sheep  do 
not  differ  from  each  other  in  any  very  prominent  degree,  that  of  the  Ass 
and  Mare  is  a  fluid  of  very  dissimilar  character,  containing  a  compara- 
tively small  proportion  of  casein,  and  scarcely  any  butter,  but  abounding 
in  sugar.    Hence  it  is,  that  it  is  much  more  disposed  to  ferment  thaa 

the  case  of  a  lady,  £Et.  47,  the  mother  of  four  chiklron,  who  had  an  abundant  supply  of  milk 
for  twenty-seven  years  previously.  A  period  of  exactly  four  years  and  a  half  occurred  between 
each  birth,  and  the  children  were  permitted  to  take  tlie  breast  until  they  were  running  abo« 
at  play.  At  the  time  when  Dr.  G.  wrote,  she  had  been  nine  years  a  widow,  and  wasobligea 
to  have  her  breasts  drawn  daily,  the  secretion  of  milk  being  so  copious. 
*  "  Cyclopaedia  of  Anatomy  and  Physiology,"  Art.  '  Milk.' 


OP  LACTATION. 


1067 


>ther  milk ;  indeed  the  sugar  of  mare's  milk  is  so  abundant,  that  the 
I'artai-s  prepare  from  it  a  spirituous  liquor,  to  which  they  give  the 
'ame  of  koumiss.  It  would  further  appear  that  no  milk  more  nearly 
ipproaches  that  of  the  Human  female,  in  the  proportion  of  its  ingre- 
lients,  than  that  of  the  Sheep  and  Goat ;  these  both  possess,  however,  a 
:irger  amount  of  casein,  which  forms  a  peculiarly  dense  curd ;  and 
lie  milk  of  the  goat  is  tainted  with  the  peculiar  odom*  of  the  animal, 
rt  hich  is  more  intense  if  the  individual  be  dark-coloured.    The  milk  of 

;  the  Ass,  though  diflFering  in  the  proportion  of  its  ingredients,  seems  to  bear 
1  closer  approximation  in  properties  (§  1024),  The  milk  of  the  Cow  will 
usually  answer  very  well  for  the  food  of  the  infant ;  care  being  taken  to 
ililute  it  properly,  according  to  the  age  of  the  child,  and  to  add  a  little 

r  sugar.  Where  there  is  an  apprehension  of  an  early  failure  in  the  supply 
of  Milk,  the  Author  has  found  it  advantageous  to  commence  feeding  the 

,  Infant  once  a  day  with  this  mixture,  soon  after  the  first  month;  and  the 

|i' number  of  its  meals  may  be  progressively  increased,  until  it  becomes 
entirely  independent  of  its  parent,  without  any  abrupt  transition. 

1029.  From  what  has  been  stated  of  the  close  correspondence  between 

•  the  elements  of  the  Blood  and  those  of  the  Milk,  it  is  evident  that  we  can 
scarcely  expect  to  trace  the  existence  of  the  latter,  as  such,  in  the  circu- 
llatiug  fluid.  To  what  degree  the  change  in  which  their  elaboration  con- 
.-sists,  is  accomplished  in  the  Mammary  gland,  or  during  the  course  of  the 
t  cu'culation,  there  is  no  certain  means  of  ascertaining.  It  is  evident  that 
I  this  secretion  cannot  serve  as  the  channel  for  the  deportation  of  any  ele- 
iment,  the  accumulation  of  which  would  be  injurious  to  the  system;  since 
!  it  does  not  occur  in  the  male  at  all,  and  is  present  in  the  female  at  par- 

•  ticular  times  only.  Yet  there  is  reason  to  beh'evethat  if,  whilst  the  process 
is  going  on,  it  be  suddenly  checked,  the  retention  of  the  material  in  the 
blood,  or  the  re-absorption  of  the  secreted  fluid,  is  attended  with  injurious 
consequences.  Thus  if,  when  the  milk  is  first  secreted,  the  child  be  not 
put  to  the  breast,  an  accumulation  takes  place,  which,  if  not  relieved, 
occasions  great  general  disturbance  of  the  system.  The  narrowness  of 
the  orifices  of  the  milk-tubes  obstructs  the  spontaneous  exit  of  the  fluid, 
especially  in  primiprnxe;  the  reservoirs  and  ducts  become  loaded;  further 
secretion  is  prevented;  and  a  state  of  congestion  of  the  vessels  of  the 
gland,  tending  to  inflammation,  is  induced.  The  accompanying  fever  is 
partly  due,  no  doubt,  to  the  local  disturbance ;  but  in  part  also,  there 
seems  reason  to  believe,  to  the  re-absorption  of  the  milk  into  the  blood ; 
this  cannot  but  be  injurious,  since,  although  but  little  altered,  the  consti- 
tution of  milk  is  essentially  different,  especially  in  regard  to  the  quantity 
of  ciystalUzable  matter  (sugar)  which  it  contains. — The  instances  of  the 
vicarious  secretion  of  milk  are  not  numerous ;  and  in  no  instance  is  there 
any  proof  that  the  elements  of  the  fluid  were  pre-existent  in  the  blood. 
Some  of  the  most  curious  are  those  in  which  it  has  been  poured  out  from 
a  gland  in  the  groin;  but  it  is  probable  that  this  was  in  consequence  of 
the  existence  of  a  real  repetition,  in  that  place,  of  the  true  mammary 
structui'e ;  this  being  the  situation  of  the  mammse  of  many  of  the  inferior 
animals,  of  which  the  homologues  in  Man  are  usually  undeveloped.* 

•  The  following  is  a  more  unequivocal  case  of  vicarious  secretion;  and  it  is  peculiarly 
interesting  as  exhibiting  the  injurious  effects  of  the  re-absorption  of  the  secretion,  and  the 
relief  which  the  system  experienced  when  it  was  separated  from  the  blood  by  the  ncwchainiel. 
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1030.  Of  the  quantity  of  Milk  ordinarily  secreted  by  a  good  Nurse  it 
is  difficult  to  form  a  coiTCct  estimate ;  *  since  the  amomit  which  can  be 
artificially  drawn,  afibrds  no  criterion  of  that  which  is  secreted  at  the 
time  of  the  '  draught '  (§  948).    The  quantity  which  can  be  squeezed  from 
either  breast  at  any  one  time,  and  which,  therefore,  must  have  been  con- 
tained in  its  tubes  and  reservoirs,  is  about  two  ounces.    The  amount 
secreted  is  greatly  influenced  by  the  mental  and  physical  condition  of  the 
female,  and  also  by  the  quantity  and  character  of  the  ingesta.    In  regard 
to  the  influence  of  the  mental  state  upon  this  secretion,  ample  details 
have  already  been  given  (chap,  xviii.)    With  respect  to  the  physical 
state  most  favourable  to  the  production  of  an  ample  supply  of  this  im- 
portant fluid,  it  may  be  stated  generally,  that  sound  health,  a  vigorous 
but  not  plethoric  constitution,  reg-ular  habits,  moderate  but  not  fatiguing 
exercise,  and  an  adequate  but  not  excessive  amount  of  nutritious  food, 
fiu'nish  the  conditions  most  required.     It  is  seldom  that  stimulating 
liquors,  which  are  so  commonly  indulged-in,  are  anything  but  prejudicial; 
but  the  unmeasured  condemnation  of  them  in  which  some  writers  have 
indulged,  is  certainly  injudicious;  as  experience  amply  demonstrates  the 
improvement  in  the  condition  both  of  mother  and  infant,  which  occasion- 
ally results  from  the  moderate  employment  of  them.    Their  modus  ope- 
randi,  when  they  are  really  beneficial,  seems  to  lie  in  promoting  the 
digestive  process,  and  in  thus  aiding  in  the  appropriation  of  those  nutritive 
materials,  which  constitute  the  real  source  of  the  solid  constituents  of  the 
milk. — The  influence  of  various  Medicines  upon  the  Milk,  is  another  im- 
portant question  which  has  not  yet  been  sufficiently  investigated.    As  a 
general  rule,  it  appeal's  that  the  most  soluble  saline  compounds  pass  into 
the  milk  as  into  other  secretions ;  but  there  are  many  exceptions.  Com- 
mon salt,  the  sesqui-carbonate  of  soda,  sulphate  of  soda,  iodide  of  potassium, 
oxide  of  zinc,  tris-nitrate  of  bismuth,  and  sesqui-oxide  of  iron,  have  been 

"  A  lady  of  delicate  constitution  (with  a  predisposition  to  pneumonia)  was  prevented  from 
suckling  her  child,  as  she  desired,  by  the  following  circumstance.  Soon  after  her  delivery 
she  had  a  severe  fever,  during  which  her  breasts  became  very  large  and  hard ;  the  nipples 
■were  swollen  and  firm  ;  and  there  was  evidently  an  abundant  secretion  of  milk  ;  but  neither 
the  sucking  of  the  infant,  nor  any  ai-tificial  means,  could  draw  a  single  drop  of  fluid  from  the 
swollen  glands.  It  was  clear  that  the  milk-tubes  were  closed ;  and  as  the  breasts  continued 
to  grow  larger  and  more  painful,  purgatives  and  other  means  were  employed  to  check  the 
secretion  of  milk.  After  three  days  the  fever  somewhat  diminished,  and  was  replaced  by  a 
constant  cough,  which  was  at  first  dry,  but  soon  after  was  followed  by  the  expectoration  of 
simple  mucus.  After  this,  the  cough  diminished  in  severit}"-,  and  the  expectoration  became 
easy ;  but  the  sputa  were  no  longer  mucous,  but  were  composed  of  a  liquid,  which  had  all  the 
physical  characters  of  genuine  milk.  This  continued  for  fifteen  days ;  the  quantity  of  milk 
expectorated  amounting  to  three  ounces  or  more  in  the  twenty-four  hours.  The  breasts 
gradually  diminished  in  size :  and  by  the  time  that  the  expectoration  ceased,  they  liad 
regained  their  natural  dimensions.  The  same  complete  obstacle  to  the  flow  of  milk  from  the 
nipples  recurred  after  the  births  of  four  children  successively,  with  the  same  sequelae.  Alter 
the  sixth,  she  had  the  same  symptoms  of  fever,  but  this  time  they  were  not  followed  by 
bronchitis  or  the  expectoration  of  milk ;  she  had  in  their  stead  copious  sweatings,  whicli, 
with  other  severe  symptoms,  reduced  her  to  a  cachectic  state,  and  terminated  fatally  in  a 
fortnight."    C'Bulletino  delle  Scienze  Mediche,"  Apr.  1839;  and  "Brit,  and  tor.  Mea. 

Review,"  Jan.  1840.)  t  <•   f  i  fnrp 

*  For  an  estimate  by  M.  Guillot,  founded  on  the  comparative  weight  of  the  Intant  oerore 
and  after  lactation,  see  "L'Union  Medicale,"  1852,  No.  16.     The  total  amount  con- 
sidered by  Mons.  G.  to  be  usually  drawn  in  the  twenty-four  hours,  varies  from  oz. 
64  oz.  (Apoth.);  but  his  estimates  are  vitiated  by  the  extraordinary  frequency  ot  tlic  lati. 
tions  observed,  the  infant  being  put  to  the  breast  from  25  to  30  times  m  the  twontj-m 
liours. 
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:adily  detected  in  the  milk,  when  these  substances  were  experimentally 
(Iministered  to  an  Ass ;  and  ordinary  experience  shows,  that  the  Human 
ifant  is  aifected  by  many  of  these,  when  they  are  administered  to  the 
lother.  Tlie  influence  of  mercurial  medicines  taken  by  the  mother,  in 
emoving  fi-om  the  infant  a  syphilitic  taint  possessed  by  both,  is  also  well 
uown.  The  vegetable  purgatives,  especially  castor-oil,  senna,  and  colo- 
ynth,  have  little  effect  upon  the  milk ;  hence  they  are  to  be  preferred  to 
lie  sixline  aperients,  when  it  is  not  desired  to  act  upon  the  bowels  of  the 
-hild. 


CHAPTER  XX. 

t      OF  THE  DIFFERENT  BRANCHES  OF  THE   HUMAN   FAMILY,  AND 

THEIR  MUTUAL  RELATIONS. 

1.  General  Considerations. 

1031.  Amongst  the  various  tribes  of  Men,  which  people  the  surface  of 
Lhe  globe,  and  which  are  separated  from  all  other  animals  by  the  charac- 
ters formerly  described  (Chap.  I.)  there  are  differences  of  a  very  striking 
imd  impoi*tant  natm*e.  They  are  distinguishable  from  each  other,  not 
merely  by  their  lang-uage,  dress,  manners  and  customs,  religious  belief, 
land  other  acquired  pecuUarities,  but  in  the  physical  conformation  of  their 
>3odies;  and  the  difference  lies,  not  merely  in  the  colour  of  the  skin,  the 
nature  of  the  hair,  the  form  of  the  soft  parts  (such  as  the  nose,  lips,  &c.), 
)3ut  in  the  shape  of  the  skull,  and  of  other  parts  of  the  bony  skeleton, 
ftvhich  might  be  supposed  to  be  less  liable  to  variation.  It  is  a  question  of 
r^eat  scientific  interest,  as  well  as  one  that  considerably  affects  the  mode 
i  n  which  we  regard  the  races  that  differ  from  our  own,  whether  they  are 
liill  oi  one  species,  that  is,  descended  from  the  same  or  from  similar  parent- 
age,— or  whether  they  are  to  be  considered  as  distinct  species,  the  first 
oarents  of  the  several  races  having  had  the  same  differences  among  them- 
■•jelves,  as  those  which  are  now  exhibited  by  their  descendants. 

1032.  In  order  to  arrive  at  a  just  conclusion  on  this  subject,  it  is  neces- 
-^^ary  to  take  a  very  extensive  survey  of  the  evidence  furnished  by  a 
number  of  different  lines  of  inquiry.    Thus,  in  the  first  place,  it  is  right 

00  investigate  what  are  the  discriminating  structural  marks,  by  which 
species  are  distinguished  among  other  tribes  of  animals. — Secondly,  it 
=liould  be  ascertained  to  what  extent  variation  may  proceed  among  races 
vvhich  are  historically  known  to  have  a  common  parentage,  and  what  are 
lie  circumstances  which  most  favour  such  variations. — Thirdly,  the 
jxtreme  variations,  which  present  themselves  among  the  different  races 
jf  Men,  should  be  compared  with  those  which  occur  among  tribes  of 
iiiimals  known  to  be  of  the  same  parentage;  and  it  should  be  questioned, 

i  t  the  same  time,  whether  the  circumstances  which  favoiu"  the  production 

1  if  varieties  in  the  latter  case,  are  in  operation  in  the  former. — Fourthly, 

liere  it  is  impossible  to  trace  back  distinct  races  to  their  origin,  it  is  to 
■  L!  inquired  how  far  agreement  in  physiological  and  psychological  peculi- 
arities may  be  regarded  as  indicating  specific  identity,  even  where  a  con- 
iiderable  difference  exists  in  bodily  conformation ;  and  this  test,  if  it  can 
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be  determined-on,  has  to  be  applied  to  Man. — Fifthly,  it  must  be  attempted, 
by  a  detailed  examination  of  the  varieties  of  the  Human  race  themselves, 
to  ascertain  whether  their  differences  in  conformation  are  constant;  or 
whether  there  are  not  occasional  manifestations,  in  each  race,  of  a  tendency 
to  assume  the  chai'acters  of  others;  so  as  to  prevent  any  definite  lines 
being  drawn  between  the  several  tribes,  which  together  make-up  the  (sup- 
posed) distinct  species. — An  investigation  so  comprehensive  could  not  be 
followed-out,  even  in  the  most  cursory  manner  that  would  be  consistent 
with  utility,  within  the  limits  of  the  present  work;  and  no  more  will  be 
attempted,  therefore,  than  an  indication  of  the  principal  points  of  differ- 
ence among  the  several  Races  of  Men,  and  a  statement  of  the  results  of 
inquiry  into  their  degree  of  constancy  in  each  group  which  they  can  be 
used  to  separate.* 

1033.  The  differential  characters  on  which  those  have  relied,  who  have 
sought  to  establish  the  existence  of  a  phiraliUj  of  species  among  Mankind, 
are  both  Anatomico-Physiological,  and  Psychological.  Under  the  former 
head  rank  the  Colom-  of  the  Skin,  the  texture  of  the  Hau',  and  the  con- 
formation of  the  bony  Skeleton,  especially  the  Skull.  The  latter  consist 
in  the  superiority  claimed  for  some  races  over  others,  in  intellectual 
power,  and  in  moral  and  religious  capacity.  The  former  group  will  be 
the  one  first  considered. 

1034.  The  Colour  of  the  skin  exists  in  the  Epidermis  only;  and  it 
depends  upon  the  admixture  of  jrigment-cells  with  the  ordinary  epidei-mic 
cells  (§  242);  all  the  vai-ied  hues  presented  by  the  different  races  of  men, 
being  duo  to  the  relative  amount  of  these  cells,  and  to  the  pai'ticular  tint 
of  the  pigment  which  they  form.  It  would  be  easy,  by  selecting  well- 
marked  specimens  of  each  race,  to  make  it  appear  that  colom-  affords 
a  character  sufficiently  distinctive  for  their  separation;  thus,  for  example, 
the  fair  and  mddy  Saxon,  the  jet-black  Negro,  the  olive  Mongolian,  and 
the  copper-coloured  North  American,  might  be  considered  to  be  positively 
separated  from  each  other  by  this  character, — propagated,  as  it  seems  to 
be,  with  little  or  no  perceptible  change,  from  generation  to  generation. 
But  although  such  might  appear  to  be  the  clear  and  obvious  result  of  a 
comparison  of  this  kind,  yet  a  more  profound  and  comprehensive  smTey 
tends  to  break-down  the  barrier  that  would  be  thus  established.  For,  on 
tracing  this  character  through  the  entire  family  of  Man,  we  find  the 
isolated  specimens  just  noticed  to  be  connected  by  such  a  series  of  hnks, 
and  the  transition  from  one  to  the  other  to  be  so  very  gradual,  that  it  is 
impossible  to  say  where  the  line  is  to  be  drawn.  There  is  nothing  here, 
then,  which  at  all  approaches  to  those  fixed  and  definite  marks,  that  ai-e 
always  held  to  be  requisite  for  the  establishment  of  specific  distinctions 
among  other  tribes  of  animals. 

1035.  But  further,  there  is  abundant  evidence  that  these  distinctions 
are  far  from  being  constantly  maintained,  even  in  any  one  race.  For 
among  all  the  principal  subdivisions,  albinoism,  or  the  absence  of  pigment- 
cells,  occasionally  presents  itself;  so  that  the  fail'  skin  of  the  European 

•  The  whole  of  this  investigation  has  been  most  elaborately,  and  in  the  Auth^'s  opinion 
most  successfully,  worked  out  by  Dr.  Prichard,  in  his  profound  and  philosophical  Ireatise  on 
the  "  Physical  History  of  Man."    For  a  more  concise  view  of  Dr.  Prichard's  argument, 
some  additional  considerations  not  embraced  in  it,  the  Author  may  refer  to  his  own  Article 
on  the  '  Varieties  of  the  Human  Species,'  in  the  "  Cyclop,  of  Anat.  and  Phys.,  vol.  iv. 
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may  present  itself  in  the  oifspring  of  the  Negro  or  of  the  Red  Man.*  On 
the  other  hand,  instances  are  by  no  means  rare,  of  the  nnnsual  develop- 
ment of  pigment-cells  in  individuals  of  the  fair-skinned  races;  so  that 
parts  of  the  body  are  of  a  dark  red  or  brown  hne,  or  are  even  quite  black. 
Such  modifications  may  seem  of  little  importance  to  the  argument ;  since 
they  are  confined  to  individuals,  and  may  be  put  aside  as  accidental. 
But  there  is  ample  evidence  that  analogous  changes  may  take  place  in 
the  coiu-se  of  time,  which  tend  to  produce  a  great  variety  of  shades  of 
colour,  in  the  descendants  of  any  one  stock.  Thus,  in  the  great  Indo- 
Em'opean  family  (part  of  the  Caucasian  race  of  Blumenbach),  which  may 
be  unquestionably  regarded  as  having  had  a  common  origin,  we  find  races 
with  fair  complexion,  yellow  hair,  and  blue  eyes, — others  presenting  the 
xanthous  or  olive  hue, — and  others  decidedly  black.  A  similar  diversity 
may  be  seen  among  the  American  races,  which  are  equally  referable  to 
one  common  stock ;  and  it  exists  to  nearly  the  same  extent  among  the 
African  nations,  which  are  similarly  related  to  each  other.  It  may  be 
fi-eely  admitted  that,  among  European  colonists  settled  in  hot  climates, 
such  changes  do  not  present  themselves  within  a  few  generations  j  but  in 
many  well-known  instances  of  earlier  colonization,  they  are  very  clearly 
manifested.  Thus  the  wide  dispersion  of  the  Jewish  nation,  and  their 
remarkable  isolation  (maintained  by  their  religious  observances)  from  the 
people  among  whom  they  live,  render  them  peculiarly  appropriate  subjects 
for  such  observations ;  and  we  accordingly  find  that  the  brunette  com- 
plexion and  dark  hair,  which  are  usually  regarded  as  characteristic  of  that 
race,  are  frequently  superseded,  in  the  Jews  of  Northern  Europe,  by  red 
or  brown  hair  and  fair  complexion;  whilst  the  Jews  who  settled  in  India 
some  centuries  ago,  have  become  as  dark  as*thG  Hindoos  around  them. 

1036.  The  relation  of  the  complexions  of  the  different  races  of  Men  to 
the  chmates  they  respectively  inhabit,  is  clearly  established  by  an  ex- 
tended comparative  survey  of  both.  From  such  a  survey  the  conclusion 
is  inevitable,  that  the  intertropical  region  of^he  earth  is  the  principal 
seat  of  the  darkest  races  of  Men;  whilst  the  region  remote  from  the 
tropics  is  that  of  the  fairer  races;  and  that  the  climates  approaching  the 
tropics  are  generally  inhabited  by  nations  which  are  of  an  intermediate 
complexion.  To  this  observation  it  may  be  added,  that  high  mountains, 
and  countries  of  great  elevation,  are  generally  iiJiabited  by  people  of  a 
lighter  colour  than  are  those  of  which  the  level  is  low,  such  as  swampy  or 

*  A  very  curious  example  of  change  of  colour  in  a  Negro,  has  been  recently  recorded  on 
vmquestionable  authority. — The  subject  of  it  is  a  negro  slave  in  Kentucky,  aet.  45,  who  was 
bom  of  black  parents,  and  was  himself  perfectly  black  until  12  years  of  age.  At  that  time, 
a  portion  of  the  skin,  an  inch  wide,  encircling  the  cranium  just  within  the  edge  of  the  hair, 
gradually  changed  to  white ;  also  the  hair  occupying  that  locality.  A  white  spot  next 
appeared  near  the  inner  canthus  of  the  left  eye ;  and  from  this  the  white  colour  gradually 
extended  over  the  face,  tnink,  and  extremities,  until  it  covered  the  entire  surface.  The 
complete  change  from  black  to  white  occupied  about  ten  years  ;  and  but  for  his  hair,  which 
was  crisped  or  woolly,  no  one  would  liave  supposed  at  this  time  that  his  progenitors  had 
offered  any  of  the  characteristics  of  tlie  Negro,  his  skin  presenting  the  healthy  vascular 
appearance  of  that  of  a  fair-compleccioned  European.  When  he  was  about  22  years  of  age, 
however,  dark  copper-coloured  or  brown  spots  began  to  appear  on  the  face  and  hands ;  but 
these  have  remained  limited  to  the  portions  of  the  surface  exposed  to  light. — About  the  time 
that  the  black  colour  of  his  skin  began  to  disappear,  he  completely  lost  his  sense  of  smell ;  and 
since  he  has  become  white,  he  has  had  measles  and  hooping-cough  a  second  time.  (Sec  Dr. 
Hutchison's  account  of  this  case,  in  the  "  Amer.  Journ.  of  Med.  Sci.,"  Jan.  1852,) 
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sandy  plains  upon  the  sea-coast.  These  distinctions  are  particularly  well 
seen  in  Afiica,  where  the  tropics  almost  exactly  mai'k  out  the  hmits  of 
the  black  complexion  of  the  inhabitants ;  and  where  the  deepest  hue  is  to 
be  seen  among  the  Negroes  of  the  Guinea  Coast,  whose  residence  unites 
both  the  conditions  just  mentioned;  whilst  the  mountainous  regions 
in  their  immediate  vicinity  are  inhabited  by  tribes  of  a  much  lighter 
aspect. 

1037.  The  nature  of  the  Hair  is,  perhaps,  one  of  the  most  permanent 
characteristics  of  different  races.  In  regard  to  its  colour,  the  same 
statements  apply  as  those  just  made  with  respect  to  the  colour  of  the 
skin;  the  variety  of  hue  being  given  by  pigment-cells,  which  may  be 
more"  or  less  developed  under  different  chcumstances.  But  it  has  been 
thought  that  its  texture  afforded  a  more  valid  ground  of  distinction ;  and 
it  is  commonly  said,  that  the  substance  which  grows  on  the  head  of  the 
African  races,  and  of  some  other  dark-coloui-ed  tribes  (chiefly  inhabiting 
trojjical  climates),  is  wool,  and  not  hair.  This,  however,  is  altogether  a 
mistake ;  for  microscopic  examination  cleai-ly  demonstrates,  that  the  hair 
of  the  Negro  *  has  exactly  the  same  stmcture  with  that  of  the  Em-opean; 
and  that  it  does  not  bear  any  resemblance  to  wool,  save  in  its  crispness 
and  tendency  to  cvu'l.  Moreover,  even  this  character  is  far  fi-om  being  a 
constant  one ;  for,  whilst  Europeans  are  not  unfrequently  to  be  met  with, 
whose  hair  is  neai-ly  as  crisp  as  that  of  the  Negro,  there  is  a  great  vai'iety 
amongst  the  Negro  races  themselves,  which  present  every  gradation  from 
a  completely  crisp  (or  what  is  termed  woolly)  hair,  to  merely  curled  or 
even  flowing  locks.  A  similar  observation  holds  good  in  regard  to  the- 
natives  of  the  islands  of  the  great  Southern  Ocean,  where  some  indi- 
viduals possess  crisp  hair,  whilst  others,  of  the  same  race,  have  it  merely 
curled. — It  is  evident,  then,  that  no  characters  can  be  drawn  from  the 
colour  or  texture  of  the  hair  in  Man,  sufficiently  fixed  and  definite  to 
serve  for  the  distinction  of  races;  and  this  view  is  borne  out  by  the 
evident  influence  of  climate,  in  producing  changes  in  the  hany  covering 
of  almost  every  race  of  domestic  animals;  such  changes  often  manifesting 
themselves  in  the  very  individuals  that  have  been  transported  from  one 
coimtry  to  another,  and  yet  more  distinctly  in  succeeding  generations. 

1038.  It  has  been  supposed  that  varieties  in  the  configuration  of  the 
Skeleton  would  afford  characters  for  the  separation  of  the  Human  races, 
more  fiused  and  definite  than  those  derived  from  differences  in  the  form, 
colour,  or  textui-e  of  the  soft  parts  which  clothe  it.  And  attention  has 
been  particulaiiy  directed  to  the  skull  and  the  pelvis,  as  affording  such 
characters.  It  has  been  generally  laid  down  as  a  fundamental  principle, 
that  all  those  nations  which  are  found  to  resemble  each  other  in  the  shape 
of  their  heads,  must  needs  be  more  nearly  related  to  each  other,  than  they 
are  to  tribes  of  Men  which  differ  from  them  in  this  particulai-.  But  if  this 
principle  be  rigorously  carried-out,  it  will  tend  to  bring  together  x'aces 
which  inhabit  parts  of  the  globe  very  remote  from  each  other,  and  whicJi 

*  It  is  a  very  common  mistake,  especially  in  the  United  States,  to  consider  ^^''dfo^^ 
synonymous  with  African.    So  far  is  this  from  being  the  fact,  that,  as  Dr.  Latham  J 
remarks,  "  the  true  Negro  area,  the  area  occupied  by  men  of  the  black  skin,  thick      '  '^j^^ 
woolly  hair,  is  exceedingly  small ;  as  small  in  proportion  to  the  rest  of  the  "^o"^'?^     '    ^  " 
area  of  the  district  of  the  stunted  Hyperboreans  is  in  Asia,  or  that  of  the  Lapps  m  iJ-u  • 
("  Natural  History  of  the  Varieties  of  Man,"  p.  471.) 
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have  no  other  mai'k  of  affinity  whatever :  whilst,  on  the  other  hand,  it 
will  often  tend  to  separate  races  which  every  other  character  would  lead 
us  to  bring  together.  It  is  to  be  remembered,  moreover,  that  the  varieties 
;  in  the  conformation  of  the  skeleton,  presented  by  the  breeds  of  domesti- 
>  cated  animals,  are  at  least  equal  to  those  which  are  manifested  in  the 
;  conformation  and  colour  of  their  soft  parts;  and  we  might  reasonably 
(  expect,  therefore,  to  meet  with  similar  variations  among  the  Human  races. 
'  It  is  probable,  however,  that  climate  has  not  so  much  influence  in  pro- 
ducing such  changes  in  the  configuration  of  the  body,  as  is  exerted  by  the 
pecidiar  habits  and  mode  of  life  of  the  different  races;  and  Dr.  Prichard 
has  pointed  out  a  very  remarkable  relation  of  this  kind,  in  regard  to  the 
.three  principal  types  of  form  presented  by  the  Skull. 

1039.  Among  the  rudest  tribes  of  Men,  himters  and  savage  inhabitants 
t  of  forests,  dependent  for  their  supply  of  food  on  the  accidental  produce 
I  of  the  soil  or  on  the  chase, — among  whom  are  the  most  degraded  of  the 
.  African  nations,  and  the  Australian  savages, — a  form  of  head  is  prevalent, 
» which  is  most  aptly  distinguished  by  the  term  prognathous,  indicating  a 
I  prolongation  or  forward-extension  of  the  jaws  (Fig.  186).    This  character 


Fig.  186. 


Profile  and  basal  views  of  the  Prognathous  Skull  of  a  Negro. 

's  most  strongly  marked  in  the  NegToes  of  the  Gold  Coast,  whose  skulls 
ire  usually  so  formed  as  to  give  the  idea  of  lateral  compression.  The 
jmporal  muscles  have  a  great  extent,  rising  high  on  the  parietal  bones ; 
he  cheek-bones  project  forward,  and  not  outward ;  the  upper  jaw  is 
"ngthened  and  projects  forwards,  giving  a  similar  projection  to  the 
Iveolar  ridge  and  to  the  teeth;  and  the  lower  jaw  has  somewhat  of  the 
ime  oblique  projection,  so  that  the  upper  and  lower  incisor  teeth  are  set 
1 1  an  obtuse  angle  to  each  other,  instead  of  being  nearly  in  parallel  planes, 
s  in  the  European.    From  the  shape  of  the  upper  jaw  alone,  would  re- 
idt  a  marked  diminution  in  the  facial  angle,  measured  according  to  the 
Method  of  Camper;  but  this  diminution  is  far  from  being  sufficient  to 
I  pproximate  the  Ethiopian  races  to  the  higher  Apes,  as  some  have  sup- 
losed  it  to  be  (§  8).    Independently  of  the  diminution  of  the  fixcial 
ugle,  resulting  from  the  projection  of  the  upper  jaw,  it  is  quite  certain 
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that,  in  the  typical  prognathous  skull,  there  is  a  want  of  elevation  of  the 
forehead ;  but  it  does  not  appear  that  there  is  a  corresponding  diminution 
in  the  capacity  of  the  cranial  cavity,  the  retreating  form  of  the  forehead 
being  partly  due  to  the  general  elongation  of  the  skiill  in  the  antero- 
posterior direction.  Nor  is  it  true,  as  stated  by  some,  that  the  position 
of  the  foramen  magnum  in  the  Negro  is  decidedly  behind  that  which  it 
holds  in  the  European,  in  this  respect  approaching  that  of  the  Apes  (§  2) : 
since,  if  due  allowance  be  made  for  the  projection  of  the  upper  jaw,  this 
aperture  is  found  to  have  the  same  position  in  the  prognathous  skull  as 
in  the  oval  one,  namely,  exactly  behind  the  transverse  line  bisecting  the 
antero-posterior  diameter  of  the  base  of  the  cranium.  The  prognathous 
skull  is  further  remarkable  for  the  large  development  of  the  parts  con- 
nected with  the  organs  of  sense,  especially  those  of  smeU  and  hearing. 
The  aperture  of  the  nostrils  is  veiy  wide ;  and  the  internal  space  allowed 
for  the  expansion  of  the  Schneiderian  membrane,  and  for  the  distribution 
of  the  olfactory  nerve,  is  much  larger  than  in  most  European  heads.  The 
posterior  openings  of  the  nasal  cavity  are  not  less  remarkable  for  their 
width,  than  the  anterior.  The  external  aiiditoiy  meatus  is  also  peculiarly 
wide  and  spacious;  and  the  orbital  cavities  have  been  thoxight  to  be  of 
more  than  ordinary  capacity, — but  this  last  is  by  no  means  a  constant 
character. 

1040.  A  second  type  of  cranial  conformation,  very  different  from  the 
preceding,  belongs  principally  to  the  Nomadic  races,  who  wander  with 
their  herds  and  flocks  over  vast  plains;  and  to  the  tribes  who  creep  along 


Fig.  187. 


Front  and  basal  views  of  the  Pyramidal  Skull  of  an  Esquimaux. 

the  shores  of  the  Icy  Sea,  and  live  partly  by  fishing,  and  in  pai*t  on  the 
flesh  of  their  reindeer.  This  form,  designated  by  Dr.  Prichai-d  as  the 
X>yravvidcd,  is  typically  exhibited  by  various  nations  of  Northern  ana 
Central  Asia ;  and  is  seen,  in  an  exaggerated  degree,  in  the  Esqunnaux. 
Its  most  striking  character  is  the  lateral  or  outward  projection  of  tne 
zygoma,  which  is  due  to  the  form  of  the  malar  bones.  These  do  iio^,  P^jJ' 
ject  forwards  and  downwards  under  the  eyes,  as  in  the  prognathous  sknl  , 
but  talce  a  direction  laterally  or  outwards,  forming,  with  the  zygomati 
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process  of  the  temporal  bone,  a  large  rounded  sweep  or  segment  of  a  circle. 
From  this,  in  connection  with  the  naiTOwness  of  the  forehead,  it  results, 
that  lines  drawn  ft'om  the  zygomatic  arches,  touching  the  temples  on 
either  side,  instead  of  being  parallel  (as  in  Europeans),  meet  over  the 
forehead,  so  as  to  form  with  the  basis  a  triangular  figure.  The  upper 
part  of  the  face  being  remarkably  flat,  the  nose  also  being  flat,  and  the 
nasal  bones,  as  well  as  the  space  between  the  eyebrows,  being  nearly  on 
the  same  plane  with  the  cheek-bones,  the  triangular  space  bounded  by 
these  lines  may  be  compared  to  one  of  the  faces  of  a  pyramid.  The 
orbits  are  large  and  deep;  and  the  peculiar  conformation  of  the  bones 
which  surround  it,  gives  to  the  aperture  of  the  lids  an  appearance  of 
obUquity, — the  inner  angle  seeming  to  be  directed  downwards.  The 
whole  face,  instead  of  presenting  an  oval  form,  as  in  most  Europeans  and 
Africans,  is  of  a  lozenge-shape.  The  greater  relative  development  of  the 
zygomatic  bones,  and  of  the  bones  of  the  face  altogether,  when  compared 
with  the  capacity  of  the  cranium,  indicates  in  the  pyramidal  skull  a  more 
ample  extension  of  the  organs  subservient  to  sensation ;  the  same  effect 
being  thus  produced  by  lateral  expansion,  as  by  the  forward  extension  of 
the  facial  bones  in  the  prognathous  skulls. 

1041.  The  most  civilized  races, — those  which  live  by  agriculture  and 
the  arts  of  cultivated  life, — all  the  most  intellectually-improved  nations 
of  Europe  and  Asia, — have  a  shape  of  the  head  which  differs  from  both 
the  preceding  forms,  and  which  may  be  termed  oval  or  elliptical.  This 
at  once  approves  itself  as  a  more  symmetrical  form;  no  part  having  an 
excessive  prominence;  whilst, 
on  the  other  hand,  there  is 
nowhere  an  appearance  of  un- 
due flattening  or  compression. 
The  head  is  altogether  of  a 
rounder  shape  than  in  other 
varieties,  and  the  forehead  is 
more    expanded ;    while  the 
maxillaiy  bones  and  the  zygo- 
matic arches  are  so  formed,  as 
to  give  the  face  an  oval  shape, 
nearly  on  a  plane  with  the 
forehead  and  check-bones,  and 
not  projecting   towards  the 
lower  part.  Owing  to  the  more 
perpendicular  direction  of  the 
alveolar  processes,  the  front 
teeth  are  fixed  in  planes  which 
are  nearly  or  quite  parallel  to 
each  other.    The  principal  features  in  this  form  of  cranium  are  thus  of  a 
negative  character ;  the  chief  positive  distinction  is  the  large  development 
of  the  cranial  cavity,  and  especially  the  fulness  and  elevation  of  the  fore- 
head, in  proportion  to  the  size  of  the  face ; — indicating  the  predominance 
of  the  intellectual  powers  over  those  merely  instinctive  propensities,  wliich 
are  more  directly  connected  with  sensations.   Among  European  nations,  tlio 
Greeks  have  probably  displayed  the  greatest  symmetry  and  perfection  in 
the  form  of  the  head;  but  various  departures  may  be  traced,  towards  the 
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Oval  Skull  of  an  European. 
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preceding  forms,  when  we  compare  the  crania  of  different  races,  and  even 
of  individuals,  belonging  to  the  same  stock,  —  some  approachuig  the 
pyiumidal  form  of  the  Northern  Asiatics,  whilst  others  approximate  to 
the  prognathous  type  of  the  Negro. 

1042.  The  influence  of  habits  of  life,  continued  ft'om  generation  to  gene- 
ration, upon  the  form  of  the  head,  is  remarkably  evinced  by  the  transition 
from  one  type  to  another,  which  may  be  observed  in  nations  that  have 
undergone  a  change  in  their  manners  and  customs,  and  have  made  an 
advance  in  civilization.    Thus,  to  mention  but  one  instance,  the  Turks  at 
present  inhabiting  the  Ottoman  and  Persian  empires,  are  undoubtedly  de- 
scended from  the  same  stock  with  the  nomadic  races,  which  are  still  spread 
through  Central  Asia  (§  1053).  The  former,  however,  having  conquered  the 
countries  which  they  now  inhabit,  eight  centuries  since,  have  gi-adually 
settled-down  to  the  fixed  and  regular  habits  of  the  Indo-European  race, 
and  have  made  con-esponding  advances  in  civilization ;  whilst  the  latter 
have  continued  their  wandering  mode  of  life,  and  can  scarcely  be  said  to 
liave  made  any  decided  advance  during  tlie  same  interval.  Now  the  long- 
sincc-civilized  Tm-ks  have  undergone  a  complete  transformation  into  tlie 
likeness  of  Euroiieans ;  whilst  their  nomadic  relatives  retain  the  pyramidal 
configuration  of  the  skull  in  a  very  marked  degree.  Some  have  attributed 
this  change  in  the  physical  structure  of  the  Turkish  race,  to  the  introduc- 
tion of  Circassian  slaves  into  the  harems  of  the  Turks;  but  this  could  only 
aftect  tlie  opulent  and  powerful  amongst  the  race ;  and  the  great  mass  of 
the  Turkish  population  have  always  intermarried  among  themselves.  The 
difference  of  religion  and  manners  must  have  kept  them  sej^arate  from 
those  Greeks,  whom  they  subdued  in  the  new  Ottoman  countries;  and  in 
Persia,  the  Tajiks,  or  real  Persians,  still  remain  quite  distinct  from  their 
Tui-kish  rulers,  belonging  to  a  different  sect  among  the  Mussulmans,  and 
commoul}'  living  apart  from  them. — In  like  manner,  even  the  Negro  head 
and  face  may  become  assimilated  to  the  European,  by  long  subjection 
to  similar  influences;  thus,  in  some  of  our  older  West  Indian  Colonies,  it 
is  not  uncommon  to  meet  with  Negroes,  the  descendants  of  those  first 
introduced  there,  who  exhibit  a  very  Euroijean  physiognomy;  and  it  has 
even  been  asserted  that  a  Negro  belonging  to  the  Dutch  portion  of  Guiana 
may  be  distinguished  from  another  belonging  to  the  British  settlements, 
by  the  similarity  of  the  features  and  expi-essiou  of  each,  to  those  whioh 
peculiarly  characterize  his  masters.    The  effect  could  not  be  here  ])ro- 
duced  by  the  intermixtm-e  of  bloods,  since  this  would  be  made  apparent 
by  alteration  of  colom\ — But  not  only  may  the  pyramidal  and  progna- 
thous types  be  elevated  towards  the  elhptical;  the  eUiptical  may  be 
degraded  towards  either  of  these.    Want,  squalor,  and  ignorance,  have  a 
special  tendency  to  induce  that  diminution  of  the  cranial  portion  of  the  • 
skull,  and  that  increase  of  the  facial,  which  characterize  the  prognathous 
type ;  as  cannot  but  be  observed  by  any  one  who  takes  an  accurate  and 
candid  survey  of  the  condition  of  the  most  degraded  part  of  the  popula- 
tion of  the  great  towns  of  this  country,  but  as  is  seen  to  be  preeminently 
the  case  with  regard  to  the  lowest  classes  of  Irish  immigrants.*    A  cci-- 
tain  degree  of  retrogression  to  the  pyramidal  type,  is  also  to  be  noticcrt 
among  the  nomadic  tribes  which  are  to  be  found  in  every  civilized  com- 


*  See  the  "  Dublin  University  Magazine,"  No.  xlviii. 
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manity.  Among  these,  as  has  been  remarked  by  a  very  acute  observer,* 
"  According  as  they  partake  more  or  less  of  the  purely  vagabond  nature, 
doing  nothing  whatsoever  for  their  living,  but  moving  from  place  to 
place,  preying  on  the  earnings  of  the  more  industrious  portion  of  the 
community,  so  will  the  attributes  of  the  nomade  races  be  found,  more  or 
less  mai'ked  in  them ;  aud  they  are  all  more  or  less  distinguished  for 
their  high  cheek-bones  and  protruding  jawsj"  thus  showing  that  kind  of 
mixtm-e  of  the  pyi-amidal  with  the  prognathous  type,  which  is  to  be  seen 
among  the  lowest  of  the  Indian  and  Malayo-Polynesian  races. 

1043.  Next  to  the  characters  derived  from  the  form  of  the  head,  those 
which  are  founded  upon  the  form  of  the  pelvis  seem  entitled  to  rank. 
These  have  been  particularly  examined  by  Professors  Vrolik  and  Weber. 
The  former  was  led  by  his  examinations  of  this  part  of  the  skeleton,  to 
consider  that  the  pelvis  of  the  Negi-ess,  and  stiR  more  that  of  the  female 
Hottentot,  approximates  to  that  of  the  Simiee  in  its  general  configuration; 
especially  in  its  length  and  naiTOwness,  —  the  iliac  bones  having  a  more 
vertical  position,  so  that  the  anterior  sj)ines  approach  one  another  much 
more  closely  than  they  do  in  the  Em^opean  ;  and  the  sacrum  also  being- 
longer  aud  nan-ower.  On  the  other  hand,  Prof.  Weber  t  concludes,  from 
a  more  comprehensive  survey,  that  no  particular  figure  is  a  permanent 
characteristic  of  any  one  race.  He  groups  the  principal  varieties  which 
he  has  met  with,  according  to  the  form  of  the  upper  opening,  —  whether 
oval,  round,  fom'-sided,  or  wedge-shaped.  The  first  of  these  is  most  fi-e- 
quent  in  the  European  races j  the  second,  among  the  American  races; 
the  third,  most  common  among  the  Mongolian  nations,  corresponds 
remarkably  with  the  form  of  their  heads ;  whilst  the  last  chiefly  occurs 
among  the  races  of  Africa,  and  is  in  like  manner  conformable  with  the 
oblong  compressed  form  usually  presented  by  their  cranium.  But  though 
there  are  particular  shapes  which  are  most  prevalent  in  each  race,  yet 
there  are  numerous  individual  deviations,  of  such  a  nature  that  every 
variety  of  form  presents  itself  occasionally  in  any  given  race. 

1044.  Other  variations  have  been  observed  by  anatomists,  in  the 
relative  length  of  the  bones,  and  in  the  shape  of  the  limbs,  between  the 
different  races  of  Man  ;  but  these  also  seem  to  have  reference  to  the 
degree  of  civilization,  and  to  the  regularity  of  the  supply  of  wholesome 
nutriment.  It  is  generally  to  be  observed  that  the  races  least  improved 
by  civilization,  hke  the  uncultivated  breeds  of  animals,  have  slender,  lean, 
aud  elongated  limbs ;  this  may  be  especially  remarked  in  the  natives  of 
Australia.  In  nearly  all  the  less  civilized  races  of  Men,  the  limbs  are 
more  crooked  aud  badly  formed  than  the  average  of  those  of  Em-opeans  ; 
and  this  is  particulai'ly  the  case  in  the  Negro,  the  bones  of  whose  legs 
bow  outwards,  and  whose  feet  are  remarkably  flat.  It  has  been  generally 
believed,  that  the  length  of  the  fore-arm  in  the  Negro  is  so  much  greater 
than  in  the  European,  as  to  constitute  a  real  character  of  approximation 
to  the  Apes.  The  difference,  however,  is  in  reality  extremely  slight ;  and 
is  not  at  aU  comparable  with  that  which  exists  between  the  most  unculti- 
vated races  of  Men  and  the  highest  Apes  (§  5).  And  in  regard  to  all  the 
peculiarities  here  alluded  to,  it  is  to  be  observed,  that  they  can  only  be 

*  Mr.  Henry  Mayhew,  in  "  London  Labour  and  the  London  Poor,"  p.  2. 
f  "  Die  Lehre  von  den  Ur-  und  Racenfornicn  der  Schaedel  uiid  Beckcn  des  Mcnschen 
Dusseldorf,  1830. 
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discovered  by  the  comparison  of  large  numbers  of  one  race  with  corre- 
sponding numbers  of  another ;  for  individuals  are  found  in  every  tribe, 
possessing  the  characters  which  distinguish  the  majority  of  the  other 
race.     Such  pecuharities,  therefore,  are  totally  useless  as  the  founda- 
tion of  specific  characters ;  being  simply  variations  from  the  ordinary 
type,  resulting  from  causes  which  might  affect  the  entix'e  race,  as  well  as 
individuals.  —  The  connection  between  the  general  form  of  the  body,  on 
the  one  hand,  and  the  degree  of  civilization  (involving  the  regular  supply 
of  nutriment)  on  the  other,  is  made  apparent,  not  merely  by  the  im- 
provement which  we  perceive  in  the  form,  development,  and  vigom-,  of 
the  frame,  as  we  advance  from  the  lowest  to  the  most  cultivated  of  the 
Human  races ;  but  also  by  the  degradation  that  is  occasionally  to  be  met- 
with  in  particular  groups  of  the  higher  tribes,  which  have  been  subjected 
for  several  generations  to  the  influence  of  depressing  causes.    Of  such 
degradation,  occurring  under  circumstances  that  permit  its  successive 
steps  to  be  ti'aced,  we  have  a  remarkable  example  in  the  conversion  of 
certain  tribes  of  the  Hottentot  race  into  Bushmen  (§  1058);  and  there  is 
very  strong  gi*ound  for  the  belief,  that  similar  influences  have  operated  at 
a  more  remote  period,  in  the  production  of  the  peculiar  characters  of  the 
Guiuea-coast  Negroes  and  Australian  Bushmen. 

1045.  Independently,  however,  of  the  obvious  modifying  influence  of 
external  circumstances,  much  allowance  must  be  made  for  that  tendency 
to  variation,  which  presents  itself,  more  or  less,  in  all  those  races  of 
animals,  which  possess  such  a  constitutional  cajDability  of  adaptation  to 
changes  in  climate,  habits  of  hfe,  &c.,  as  enables  them  to  live  and  flourish 
under  a  variety  of  conditions.   Thus  we  find  that  the  offspring  of  any  one 
pair  of  domesticated  animals  do  not  all  precisely  agree  among  themselves,  or 
with  then-  pai'ents,  either  in  bochly  conformation  or  in  psychical  character; 
but  that  indivichial  differences,  as  they  are  termed,  exist  among  them.  Now, 
as  this  tendency  to  variation  cannot  be  cleai'ly  traced  to  any  influence 
of  external  circumstances,  it  is  commonly  distinguished  by  the  term 
'  spontaneous ;'  but  there  is  no  effect  without  a  cause ;  and  as  the  widest 
differences  of  this  kind  present  themselves  in  those  races  which  are 
most  obviously  amenable  to  the  influence  of  external  conditions,  we  seem 
justified  in  attributing  them  to  agencies  operating  un ostensibly  upon  the 
parents,  either  previously  to  their  intercoui-se,  or  at  the  time  of  coition 
(§  975),  or  in  the  female  during  the  period  of  utero-gestation  (§  101 4). 
The  difference  between  wild  and  domesticated  animals  in  regard  to  colour 
affords  a  very  good  Ulustration  of  this  general  fact;  for  the  uniformity 
among  the  former  is  no  less  remai'kable  than  the  want  of  constancy 
among  the  latter;  and  whilst  vai'iety  of  colour  soon  gives  place  to 
uniformity,  when  domesticated  races  return  in  any  considerable  degree 
towards  their  primitive  state,*  it  very  speedily  developes  itself  m  races 
which  are  undergoing  the  converse  process,  t — Now  it  is  by  takiUj, 

*  This  has  been  especially  noticed  in  the  horses,  cattle,  sheep,  hogs,  and  dogs,  introduced 
by  the  Spaniards  into  South  America.  .  „x       ^  ^ 

f  Thus  Mr.  T.  Bell  informs  us  ("  British  Quadrupeds,"  2nd  edit.,  p.  ^^^h  ' 
Australian  bitch,  or  dingo,  in  the  Zoological  Gardens,  had  a  litter  of  puppies,  t'l^^'" 
which  was  also  of  that  breed ;  both  parents  had  been  taken  in  the  wild  state ;  ooui^y  ^^^^ 
the  uniform  reddish-brown  colour  which  belongs  to  the  race,  and  the  mother  had  uc^  ^^^^^^ 
before ;  but  the  young,  bred  in  confinement,  and  in  a  half  domesticated  state,  were  a 
or  less  spotted. 
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;  advantage  of  those  '  spontaneous'  dej)artures  from  the  ordinary  type, 
which  present  features  of  value  to  the  breeders  of  domesticated  animals, 
that  new  races  are  developed  fi'om  time  to  time  among  these ;  any  strongly- 
marked  peculiaiity  which  thus  appears  in  only  a  single  individual,  being 
usually  transmitted  to  some  of  its  oflFspriug,  and  being  almost  certainly 
perpetuated  when  both  parents  are  distinguished  by  it,  as  happens  when 
tlie  products  of  the  first  procreation  become  caj)able  of  breeding  with 
each  other.* — Now  there  can  be  no  hesitation  in  admitting,  that  tlie 
tendency  to  the  so-called  '  spontaneous'  variation  prevails  in  the  Human 
race  to  a  greater  degree  than  in  any  other;  since  we  find  most  remark- 
able diversities  in  features,  complexion,  hair,  and  general  conformation, 
among  the  ofispring  of  the  same  parentage  j  whilst  more  special  modifica- 
tions of  the  ordinaiy  type,  such  as  the  possession  of  six  fingers  on  each 
hand  and  of  six  toes  on  each  foot,  are  of  no  unfrequent  occurrence. 
Under  ordinary  circumstances,  these  modifications  tend  to  disappear  as 
often  as  they  occur;  the  ft'ee  intermixture  of  those  members  of  the  race 
which  possess  them,  with  those  which  depart  less  from  the  ordinary  type, 
tending  to  merge  them  in  the  general  average.  But  there  can  be  no 
reasonable  doubt  that,  if  the  same  kind  of  segregation  were  practised 
among  Mankind,  which  is  adopted  by  the  breeders  of  animals  for  the 
pui-pose  of  perpetuating  a  particular  variety, — if,  for  example,  the  mem- 
bers of  a  six-  fingered  family  were  to  intermarry  exclusively  with  one 
another, — any  such  variety  would  be  permanently  established  as  a  new 
race.  Now  if  it  be  borne  in  mind,  that  the  influence  of  a  scanty  pojDula- 
tion,  in  the  early  ages  of  the  human  race,  by  isolating  different  families 
fi'om  each  other,  and  causing  intermarriages  among  even  the  nearest 
relatives,  would  have  been  precisely  the  same  'with  that  which  is  now 
exercised  by  the  breeders  of  animals,  we  see  one  reason  why  the  varieties 
which  then  arose  should  have  a  much  greater  tendency  to  self-perpetua- 
tion, than  those  which  now  occasionally  present  themselves.  And  when, 
too,  it  is  borne  in  mind,  that  the  change  in  external  conditions  induced 
by  migi-ation,  would  thus  operate  not  only  upon  the  parents  but  upon 
the  offspring,  and  would  have  a  continual  influence  in  so  modifying  the 
constitution  of  the  latter,  that  the  peculiarities  thus  acquired  by  them 
would  be  transmitted  in  yet  greater  intensity  to  their  progeny,  there 
is  no  real  difficulty  in  accounting,  upon  the  strictest  physiological 
principles,  for  the  widest  departures  from  one  common  type  of  conforma- 
tion, which  we  encounter  in  oiu  survey  of  the  difierent  Races  of 
Mankind,  t 

*  See  the  history  of  the  introduction  of  the  ancon  breed  of  sheep,  characterized  by  a 
peculiar  conformation  of  its  limbs,  in  Massachusetts,  given  by  Col.  Hutchinson  in  the  "Phil. 
Trans."  for  ICKl  Avery  similar  account  has  been  recently  given  by  Prof.  Owen  (in  a 
Lecture  delivered  before  the  Society  of  Arts,  Dec.  10,  1851),  respecting  the  recent  introduc- 
tion of  a  new  breed  of  merino  sheep,  distinguished  for  tlie  long,  smooth,  straight,  and  silky 
character  of  the  wool,  and  now  known  as  the  Mauchamp  breed. — In  both  instances,  the  breed 
originated  in  the  spontaneous  appearance  of  a  male  lamb  possessing  the  peculiarities  in 
question ;  and  from  its  offspring  such  a  selection  was  made  by  the  breeder,  as  enabled  him 
to  bring  together  males  and  females,  both  of  which  were  distinguished  by  them. 

'h  For  a  masterly  digest  of  the  analogical  evidence  furnished  by  tlie  changes  known  to 
have  been  thus  produced  among  domesticated  animals,  and  of  the  modifications  which  parti- 
cular tribes  of  Men  can  be  shown  to  have  undergone  within  the  historic  period,  see  Dr. 
Prichard's  "  Physical  History  of  Mankind," and  his  "  Natural  History  of  Man;"  see,  also,  the 
summary  given  by  the  Author  in  the"  Cyclop,  of  Anat.and  Physiol.,"  vol.  iv.  pp.  1 301-1339. 
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1046.  Hence  we  ai-e  led  to  conclude,  that,  so  far  as  regards  their 
Anatomical  structure,  there  is  no  such  difference  among  them  as  would 
justify  to  the  Zoologist  the  assertion  of  their  distinct  origin.  But  fur- 
ther, it  can  be  shown  that  although  the  comparison  of  the  structural 
characters  of  the  Human  races  does  not  furnish  any  positive  evidence  of 
their  descent  from  a  common  stock,  it  proves  that  even  if  their  stocks 
were  originally  distinct,  there  could  have  been  no  essential  difference 
between  them;  the  descendants  of  any  one  such  stock  being  able  to 
assume  the  characters  of  another.  This,  as  already  remarked,  can  be 
proved  by  historical  evidence  in  regard  to  a  sufficient  number  of  tribes, 
to  justify  the  same  assertion  with  respect  to  others,  whose  languages, 
customs,  habits  of  thought,  &c.  have  an  affinity  strong  enough  to 
wan-ant  us  in  regarding  them  as  descendants  of  the  same  stock,  whilst 
their  physical  conformation  is  widely  different.  Each  principal  geogi-a- 
phical  area,  that  is  so  isolated  from  others  as  to  render  it  probable,  d, 
2yriori,  that  its  population  has  extended  from  one  centre, —  such  as  the 
Continent  of  Africa  or  America,  —  contains  races  of  very  diversified  phy- 
sical characters,  whose  linguistic  affinities  make  it  almost  certain  that 
they  must  have  had  a  common  descent ;  and  thus,  in  whatever  mode  the 
types  of  the  principal  varieties  are  selected,  they  are  found  to  be  con- 
nected by  so  gradual  a  series  of  intermediate  or  transitional  forms,  that  it 
is  impossible  to  draw  any  such  hue  of  demarcation  between  them,  as 
would  be  requu-ed  by  a  soundly-judging  Natm'alist  for  the  boundaiy  of 
distinct  species. 

1047.  A  very  important  confirmation  of  this  view,  is  afforded  by  the 
essential  agi-eement  which  exists  among  the  different  Eaces  of  Men  in 
regard  to  their  Physiological  histoiy ;  the  variations  which  they  present 
not  being  greater  than  those  which  we  meet-with  between  the  different 
incUviduals  of  any  one  race.  Thus,  we  not  only  find  the  average  dm-ation 
of  life  to  be  the  same  (making  allowance  for  circumstances  which  ai'e 
likely  to  induce  disease),  but  the  various  epochs  of  hfe,  —  such  as  the 
times  of  the  first  and  second  dentition,  the  period  of  puberty,  the  dui-a- 
tion  of  pregnancy,  the  intervals  of  the  catamenia,  and  the  time  of  then- 
final  cessation,  —  pi-esent  a  marked  general  uniformity,  such  as  does  not 
exist  among  similar  epochs  in  the  lives  of  species  that  are  nearly  allied 
but  yet  unquestionably  distinct.  Further,  the  different  races  of  Man  ai-e 
all  subject  to  the  same  diseases,  both  sporadic,  endemic,  and  epidemic ; 
the  only  exceptions  being  those,  in  which  the  constitution  of  a  race  has 
grown-to  a  certain  set  of  influences  (as  that  of  the  Negro  to  the  nialaria 
which  produce  certain  pernicious  fevers  in  the  European),  producing  au 
hereditary  immunity  in  the  race,  which  is  capable  of  being  acquired 
individuals  of  other  races,  by  a  process  of  acclimatization  commenced 
sufficiently  early.* —  The  most  important  physiological  test,  however,  oi 

*  This  view  of  the  immunity  of  the  Negro  race  from  certain  forms  of  Fever  which  are 
very  fatal  to  Europeans,  is  justified,  the  Author  believes,  by  all  the  facts  known  upon  tne 
subject.  Much  may  be  set  down,  as  he  is  assured  by  Dr.  Daniell,  to  the  better  adaptation 
of  the  Negro  habits  of  life  to  their  climate;  and  Europeans  who  exercise  due  caution  (espe- 
cially in  regard  to  the  functions  of  the  skin),  may  preserve  an  immunity  scarcely  iRSS 
complete.  Dr.  D.  himself,  having  been  taken  prisoner  by  one  of  the  Negro  tribes  at  .t 
early  age,  and  having  spent  two  years  among  them,  seems  to  have  been  thoroughly  acc  i 
matized  j  and  has  subsequently  passed  many  years  on  tlie  most  unhealthy  parts  ot  i- 
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bicecific  unity  or  diversity,  is  that  furnished  by  the  Generative  process. 
" '  may  be  considered  as  a  fundamental  fact,  alike  in  the  Vegetable  and 
I  the  Animal  kingdom,  that  hyhrid  races,  originating  in  the  sexual  con- 

t section  of  individuals  of  two  different  species,  do  not  tend  to  self-perpetu- 
ttion;  the  hybrids  being  nearly  sterile  with  each  other,  although  they  may 
fopagate  with  either  of  their  parent-races,  in  which  the  hybrid  race  will 
<m  merge;  whilst,  on  the  other  hand,  if  the  parents  be  themselves  varie- 
-  of  the  same  species,  the  hybrid  constitutes  but  another  variety,  and 
|[js  powers  of  reproduction  are  rather  increased  than  diminished,  so  that 
may  continue  to  propagate  its  own  race,  or  may  be  used  for  the  pro- 
uction  of  other  varieties,  almost  ad  infinitum.    It  appears  that,  among 
:  lants,  hybrids  originating  between  undoubtedly  distinct  species,  some- 
jfimes  reproduce  themselves  for  two  or  three  generations,  but  do  not 
mtinue  beyond  the  fourth.    Amongst  Animals,  the  limits  of  hybridity 
,.3tween  pai'ents  of  distinct  species  are  more  narrow,  since  the  hybrid 
;   totally  unable  to  continue  its  race  with  one  of  its  own  kind  ;*  and 
hlthough  it  may  propagate  with  one  of  its  pai'ent-species,  the  progeny  will 
tT  course  approach  in  character  to  the  pure  breed,  and  the  race  will 
weedily  merge  into  it.     In  Animals,  as   among  Plants,  the  mixed 
BBsprings,  originating  from  clifierent  races  within  the  limits  of  the  same 
oecies,  generally  exceed  in  vigour,  and  in  the  tendency  to  multiply,  the 
narent- races  from  which  they  are  produced,  so  as  to  gain  ground  upon 
Me  older  varieties,  and  gradually  to  supersede  them.     In  this  manner, 
\y  the  crossiiig  of  the  breeds  of  our  domesticated  animals,  many  new  and 
iiperior  varieties  have  been  produced.    The  general  principle  is,  then, 
1  lat  beings  of  distinct  species,  or  descendants  from  stocks  originally  dif- 
!i)rent,  cannot  produce  a  mixed  race  which  shall-  possess  the  capability 
f:  perpetuating  itself;  whilst  the  union  of  varieties  has  a  tendency  to 
rroduce  a  race,  superior  in  energy  and  fertility  to  its  parents.  —  The 
^plication  of  this  principle  to  the  Human  races,  leaves  no  doubt  with 
'^jspect  to  their  specific  unity;  for,  as  is  well  known,  not  only  do  all  the 
uces  of  Men  breed  freely  with  each  other;  but  the  mixed  race  is  gene- 
idly  superior  in  physical  development,  and  in  tendency  to  rapid  multi- 
Hication,  to  either  of  the  parent-stocks;  so  that  there  is  much  reason  to 
LBlieve  that,  in  many  countries,  the  mixed  race  between  the  Aborigines 
i.  id  European  colonizers  will  ultimately  become  the  dominant  power  in 
1  le  community.    This  is  especially  the  case  in  India,  South  America,  and 
'  olynesia. 

1048,  The  question  of  Psychical  conformity  or  difference  among  the 
l  aces  of  Mankind,  is  one  which  has  a  most  direct  bearing  upon  the  ques- 
'  on  of  their  specific  unity  or  diversity ;  but  it  has  an  importance  of  its 
*rtfn,  even  greater  than  that  which  it  derives  from  this  source.    For,  as 

ast,  without  experiencing  any  severe  attacks  of  illness,  and  in  the  enjoyment  of  very  good 
neral  health. — It  is  sometimes  maintained  that  the  Negro  race  possesses  such  a  complete 
;emption  from  the  Yellow  Fever  of  the  United  States,  as  marks  its  specific  diiference; 
ch,  however,  is  not  constantly  the  case,  since  Negroes  occasionally  suffer  from  it ;  and 
eir  comparative  immunity  seems  fairly  attributiible  to  the  constitutional  peculiarity  acquired 
r  their  African  progenitors,  and  capable  of  being  acquired  by  Europeans  also. 
'*  One  or  two  instances  have  been  stated  to  occur,  in  which  a  Mule  has  produced  offspring 
im  union  with  a  similar  animal ;  but  this  is  certainly  the  extreme  limit,  since  no  one  has 
er  maintained  tliat  the  race  can  be  continued  further  than  the  second  generation,  without 
mixture  with  one  of  tiie  parent-species. 
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has  been  recently  argued  with  great  justice  and  power,*  the  real  Unity  of 
Mankind  does  not  lie  in  the  consanguinity  of  a  common  descent,  but  has 
its  basis  in  the  participation  of  every  race  in  the  same  moral  nature  aud 
in  the  community  of  moral  rights  which  hence  becomes  the  privile'o'e  of 
all.    "  This  is  a  bond  which  every  man  feels  more  and  more,  the  farther 
he  advances  in  his  intellectual  and  moral  culture,  and  which  in  this 
development  is  continually  placed  upon  higher  and  higher  ground-  so 
much  so,  that  the  physical  relation  arising  from  a  common  descent  is 
finally  lost  sight  of,  in  the  consciousness  of  the  higher  moral  obligations." 
It  is  in  these  obHgations,  that  the  moral  rights  of  men  have  theh  founda- 
tion; and  thus,  "while  Africans  have  the  hearts  and  consciences  of 
human  beings,  it  could  never  be  right  to  treat  them  as  domestic  cattle  or 
as  wild  fowl,  if  it  were  ever  so  abundantly  demonstrated  that  their  race 
was  but  an  improved  species  of  ape,  and  ours  a  degenerate  kind  of  god." 
— The  Psychical  comparison  of  the  various  Races  of  Mankind,  is  really, 
therefore,  in  a  practical  point  of  view,  the  most  important  part  of  the 
whole  investigation ;  but  it  has  been,  nevertheless,  the  one  most  imper- 
fectly pursued,  until  the  inquuy  was  taken  up  by  Dr.  Prichard.  The 
mass  of  evidence  wliich  he  has  accumulated  on  this  subject,  however, 
leaves  no  reasonable  doubt  that  no  more  "impassable  barrier"  really 
exists  between  the  different  races  with  respect  to  this,  than  in  regard  to 
any  of  those  points  of  ostensible  diversity  which  have  been  already  con- 
sidered; the  variations  in  the  positive  and  relative  development  of  theu- 
respective  psychical  powers  and  tendencies,  not  being  greater,  either  in 
kind  or  degree,  than  those  which  present  themselves  between  individuals 
of  our  own  or  of  any  other  race,  by  some  members  of  which  a  high  intel- 
lectual and  moral  standard  has  been  attained.    The  tests  by  which  we 
recognise  the  claims  of  the  outcast  and  degi-aded  of  our  own  or  of  any 
other  '  highly-civilized  '  community,  to  a  common  humanity,  are  the  same 
as  those  by  which  we  should  estimate  the  true  relation  of  the  Negro,  the 
Bushman,  or  the  Anstrahan,  to  the  cultivated  European.    If,  on  the  one 
hand,  we  admit  the  influence  of  want,  ignorance,  and  neglect,  in  account- 
ing for  the  debasement  of  the  savages  of  our  own  great  cities, — aud  if 
we  witness  the  same  effocts  occurring  under  the  same  conditions  among 
the  Bushmen  of  Southern  Africa  (§  1058), — we  can  scarcely  hesitate  in 
admitting,  that  the  long-continued  operation  of  the  same  agencies  has  had 
much  to  do  with  the  psychical  as  well  as  the  physical  deterioration  of  the 
Negro,  Australian,  and  other  degraded  savages.    So,  on  the  other  hand, 
if  we  cherish  the  hope  that  the  former,  so  far  from  being  irreclaimable, 
may  at  least  be  brought-up  to  the  standard  from  which  they  have  dege- 
nerated, by  means  adapted  to  develope  their  intellectual  faculties  aud  to 
call-forth  the  higher  parts  of  their  moral  nature,  no  adequate  reasou  can 
be  assigned  why  the  same  method  should  not  succeed  with  the  latter,  if 
employed  with  sufficient  perseverance.    It  will  be  only  when  the  effect  of 
education,  intellectual,  moral,  and  rehgious,  shall  have  been  fairly  tested 
by  the  experience  of  many  generations,  in  conjunction  with  the  influence 
of  a  perfect  equality  in  civihzation  and  social  jDOsition,  that  we  shall  be 
entitled  to  speak  of  any  essential  and  constant  psychical  difference  be- 


♦  See  the  "  New  Quarterly  Review,"  No.  xv.,  p.  131 ;  and  an  Article  by  Prof.  Agussi* 
in  the  "  Christian  Examiner,"  Boston  (N.  E.),  1850. 
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>een  ourselves  and  the  most  degTaded  beings  clothed  in  a  human  form. 

1  the  evidence  which  we  at  present  possess,  leads  to  the  belief,  that 
uder  a  vast  diversity  in  degree  and  in  modes  of  manifestation,  the  same 
vellectual,  moral,  and  religious  capabilities  exist  in  all  the  Races  of 
ixnkind ;  so  that,  whilst  we  may  derive  from  this  conformity  a  powerful 
:-^ument  for  their  zoological  Unity  as  a  species,  we  are  also  directly  led 

recognize  then*  community  of  moral  nature  with  ourselves,  and  to 

nit  them  to  a  participation  in  our  own  rights. 

il049.  Most  important  assistance  is  afforded  in  the  determination  of 
?)  real  afl&nities  of  different  Races,  by  the  study  of  their  Languages. 
lis,  however,  is  a  department  of  the  inquiry  so  far  beyond  the  limits  of 
\ysiological  science,  that  it  must  be  here  dismissed  with  a  bare  mention 
'the  results,  to  which  the  zealous  pursuit  of  it  by  a  large  number  of 
lilosophic  philologists  seems  undoubtedly  to  tend. — There  can  be  no 
lasonable  doubt  that,  as  a  general  principle,  the  afl&nities  of  races  are 
)»re  sm-ely  indicated  by  their  languages,  than  by  their  physical  features ; 
lid  the  experienced  philologist  is  generally  able  to  discriminate  those 
-.semblances,  which  may  have  arisen  out  of  the  introduction  of  words  or 
j  modes  of  construction  from  the  one  into  the  other,  by  conquest,  com- 
?ercial  intercom-se,  or  absolute  intermixture,  from  those  which  are  the 
i'5ult  of  a  community  of  origin.    And  thus  are  supplied  those  means  of 
iLcing  the  past  history  of  races,  which  are  seldom  afforded  by  historical 
L'jords,  or  even  (at  least  with  any  degree  of  certainty)  by  traditional  infor- 
ution.    It  is  to  be  borne  in  mind,  that  the  affinities  of  languages  are 
liicated,  not  merely  by  verbal  resemblance,  but  by  the  similarity  of 
ejir  modes  of  grammatical  construction,  or  the  methods  by  which  the 
aation  between  different  words  that  constitufe  sentences  is  indicated, 
me  most  positive  evidence  is  of  course  afforded,  when  a  conformity  exists 
tth  in  the  vocabularies  and  in  the  tyj^es  of  construction  of  two  lan- 
iiages ;  but  it  frequently  happens  that  although  the  conformity  exists  in 
:^ard  to  one  of  these  alone,  yet  the  evidence  which  it  affords  is  per- 
;tly  satisfactory.    Thus,  there  are  many  cases  in  which  the  vocabularies 
e3  so  continually  undergoing  important  changes  (the  want  of  written 
•iords  not  permitting  them  to  acquire  more  than  a  traditional  perma- 
mce),  that  their  divergence  becomes  so  great,  even  in  the  course  of  a 
•  generations,  as  to  prevent  tribes  which  are  by  no  means  remotely 
cended  jfrom  a  common  ancestry,  from  understanding  one  another ; 
lilst  yet  the  system  of  grammatical  construction,  which  depends  more 
tl  ion  the  grade  of  mental  develoj)ment  and  upon  habits  of  thought, 
I lihibits  a  remarkable  permanence.    Such  appears  to  be  true  of  the  whole 
'  oup  of  American  languages  ;  which  seem,  as  a  whole,  to  be  legitimately 
crable  to  a  common  stock,  notwithstanding  their  complete  verbal 
v  crsity.    On  the  other  hand,  when  two  languages  or  groups  of  lan- 
;i.ges  differ  greatly  in  construction,  but  present  that  kind  of  verbal  cor- 
'pondence  on  which  the  philologist  feels  justified  in  placing  most 
iance  (namely,  an  essential  conformity  in  those  '  primary  words '  which 
ve  to  represent  the  universal  ideas  of  a  people  in  the  most  simple  state 
existence),  that  correspondence  may  be  held  to  indicate  a  community 
j  origin,  if  it  can  be  proved  that  it  has  not  been  the  result  of  intercourse 
twcen  the  two  families  of  nations  subsequently  to  their  first  divergence, 
<1  if  it  seems  probable  on  other  grounds  that  their  separation  took  placo 
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at  a  period  when  as  yet  the  grammatical  development  of  both  lauguagc> 
was  in  its  infancy.  Such  appears  to  have  been  the  case  with  certain  ot 
those  groups  of  languages,  whose  distinctness  can  be  traced  back  his- 
torically for  the  longest  period. — It  is  evident,  then,  that  Philological 
inquii-y  must  be  looked-to  as  one  of  the  chief  means  of  determining  tlie 
question  of  radiation  from  a  single  centre  or  from  multi2)le  centres ;  and 
it  is  a  remarkable  fact,  that  the  linguistic  affinity  and  the  conformity  iu 
physical  characters  fi-equently  stand  in  a  sort  of  complemental  relation  to 
each  other,  each  being  the  strongest  where  the  other  is  weakest ;  so  that; 
by  one  or  other  of  these  links  of  connection,  a  close  relationship  is  indi- 
cated between  all  these  families  of  nations,  under  which  the  several  races 
appear  to  be  most  naturally  grouped. 


2.  General  Survey  of  the  Principal  Families  of  Manlcind. 

1050.  The  distribution  of  the  Eaces  of  Mankind  under  five  primary 
varieties,  according  to  their  respective  types  of  cranial  conformation,  as 
first  proposed  by  Blumenbach,  is  still  so  commonly  received,  notwith- 
standing the  distinct  proof  which  has  been  given  of  the  fallacious  natui-e 
of  its  basis,  that  it  will  be  desirable  to  explain  his  terms,  and  at  the  same 
time  to  show  how  far  the  information  subsequently  acquu'ed  has  tended 
to  modify  his  arrangement. — The  first  of  these  varieties,  which  is  consi- 
dered to  be  distinguished  by  the  possession  of  the  oval  or  elliptical  type 
of  cranial  conformation,  was  designated  Caucasian  by  Blumenbach,  on 
two  grounds ;  first,  because  he  considered  the  Caucasian  people  (Georgians 
and  Circassians)  as  pi-esenting  its  physical  characters  in  the  greatest  per- 
fection ;  and  second,  because  it  was  supposed  that  the  Caucasian  range  of 
mountains  might  be  regarded  as  the  centre  or  focus  of  the  races  belonging 
to  it.  Neither  of  these  ideas,  however,  is  correct:  for  whilst  the  oval 
form  of  cranium  is  presented  with  fidly  as  great  beauty  and  symmetiy 
by  the  Greeks,  it  seems  now  to  be  almost  certainly  determinable  by  the 
evidence  of  language,  that  the  Georgian  and  Ch'cassian  nations  are  really 
of  Mongolian  origin,  and  consequently  have  no  direct  relation  of  affinity 
with  the  other  nations  usually  ranked  as  belonging  to  this  variety ;  and  the 
evidence  of  history  and  tradition,  so  far  from  pointing  to  the  Caucasian 
range  as  the  original  centre  of  radiation  of  the  race,  accords  with  that  of 
language  in  assigning  its  locality  much  nearer  to  Central  Asia.  It  would 
be  most  desirable,  therefore,  that  some  other  designation  should  be  sub- 
stituted for  that  given  by  Blumenbach ;  were  it  not  that  the  present  state 
of  our  knowledge  requires  the  entire  abandonment  of  his  doctrine,  tliat  the 
races  agreeing  in  this  type  of  conformation  are  mutually  connected  by 
community  of  descent.  For,  even  within  the  limits  of  Em'ope,  we  find 
at  least  two  nations, — the  Tm-ks,  and  the  Magyars  or  true  Hungarians,— 
whose  crania  are  characteristically  oval,  and  which  are  yet  undoubtedly 
of  Mongolian  descent ;  and  although  some  allowance  must  be  made,  in 
regard  to  the  change  which  has  taken  place  among  the  former,  for  the 
influence  of  intermixtm-e  with  other  races,  yet  there  is  no  reason  to 
believe  that  any  such  influence  has  operated  among  the  Magyars,  whose 
blood  seems  to  have  been  transmitted  with  remarkable  purity  from  the 
time  when  tliey  settled  in  Hungary  about  ten  centuries  since.  In  Asia, 
we  find  this  type  presented  not  merely  by  the  Indo-European  races,  but 
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.  so  by  the  Syro- Arabian,  and  by  tlie  larger  proportion  of  the  inhabitants 
f  '  Hindostan ;  yet  the  Syro-Arabian  races  are  more  nearly  related  to  the 
tVicau  stock  (§  1052),  than  to  that  from  which  most  of  the  present 
habitants  of  Europe  have  sprimg;  and  there  is  good  reason  to  believe 
I  lat  the  great  mass,  if  not  the  whole,  of  the  existing  inhabitants  of  India, 
i  -e  of  Mongolian  descent  (§  1054).    It  will  be  necessary,  therefore,  to 
j  )nsider  the  nations  which  present  the  so-called  Caucasian  type  of  cranial 
i  )nformation,  under  several  distinct  heads.    No  uniformity  exists  among 
I  icm  in  regard  to  colour ;  for  this  character  presents  every  intermediate 
t  -adation  between  the  fair  and  florid  hue,  with  light,  red,  or  auburn  hair, 
I  ■  the  Northern  European,  to  the  jet-black  of  many  tribes  in  Northern 
I  i  frica  and  the  Indian  Peninsula.    The  hair  is  generally  long  and  flexible, 
j ;  ith  a  tendency  to  curl ;  but  considerable  variety  presents  itself  with 
L!,ard  to  this  particular.    The  conformation  of  the  features  approaches 
I jre  or  less  closely  to  that  which  we  are  accustomed  to  regard  as  the 
■pe  of  beauty. 

1051.  The  fii-st  place,  in  a  more  natural  distribution  of  the  Human  Eaces, 
iiust  undoubtedly  be  given  to  that  which  is  designated  by  Dr.  Prichard 
>;  the  Avian,  and  which  is  often  termed  the  Indo-European ;  including 
I'le  collective  body  of  European  nations,  with  the  Persians,  Affghans, 
ud  certain  other  nations  of  the  south-western  portion  of  the  Asiatic 
)i)ntinent,  near  to  which  their  original  focus  appears  to  have  been.  The 
veat  bond  of  connection  between  these  nations,  lies  in  their  languages ; 
bhich,  in  spite  of  great  diversities,  present  a  certain  community  of 
uiaracter  that  is  recognised  by  every  philologist.    The  family  which  is 
,1  ost  dissimilar  to  the  rest,  is  that  which  is  formed  by  the  Celtic  nations; 
viese  are  undoubtedly,  like  the  others,  of  Eastern  origin,  as  was  first  shown 
r;-  Dr.  Prichard;*  but  they  appear  to  have  detached  themselves  from 
i>e  common  stock  at  an  earlier  period  in  the  development  of  its  lan- 
liage;  and  both  in  their  physical  conformation  and  in  their  psychical 
laracter,  the  typical  Celt  contrasts  remarkably  with  the  Germanic 
1  ouj)  of  nations.    The  languages  of  the  whole  Indo-Germanic  group  are 
*  lited  alike  by  community  in  many  of  the  most  important  '  primary 
rds,'  and  by  general  similarity  in  grammatical  construction;  being 
•  viously  all  formed  upon  the  same  base  with  the  ancient  Sanskrit,  if  not 
ion  the  Sanskrit  itself    The  existing  Lettish  or  Lithuanian  dialect 
csents  a  very  near  approach  to  that  type;  and  the  Old  Prussian, 
'||  dialect  spoken  as  late  as  the  sixteenth  century,  had  a  still  closer 
liance  to  the  ancient  Zend  or  Median,  which  seems  to  have  been  a  very 
rly  derivation  from  the  Sanskrit,  and  which  is  the  basis  of  the  language 
Av  spoken  in  Persia.    But  there  is  evidence  that,  notwithstanding  the 
utual  affinities  of  the  Tndo-Germanic  languages,  every  one  of  them  has 
i  ;en  modified  by  the  introduction  of  extraneous  elements:  thus,  in  those 
I  '  Western  Europe,  there  is  a  considerable  admixture  of  Celtic ;  whilst 
j   others,  there  are  traces  of  more  barbaric  tongues.    In  fact,  there  can 
I  !  little  doubt  that  Europe  had  an  indigenous  population,  before  the 
1  migration  of  the  Indo-German  or  even  of  the  Celtic  tribes;  and  of  this 
ipulation  it  seems  most  probable  that  the  Lapps  and  Finns  of  Scandi- 
1  via,  and  the  Euskarians  (or  Basques)  of  the  Biscayan  provinces,  are 

*  "  On  the  Eastern  Origin  of  the  Celtic  Nations,"  1831. 
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but  the  remnant.    The  former  of  these  tribes,  which  is  undoubtedly  of 
Mongolian  origin,  once  extended  much  further  south  than  at  present- 
and  with  regard  to  the  latter,  whose  nearest  linguistic  affinities  are  also 
with  the  tongues  of  High  Asia,  there  is  ample  historical  proof  that  they 
had  formerly  a  very  extensive  distribution  through  Southern  Europe. 
It  would  not  seem  improbable,  then,  that  the  advance  of  the  Indo- 
European  tribes  from  the  south-east  corner  into  central  Europe,  separ 
rated  that  portion  of  the  aboriginal  (Mongolian)  population  which  they 
did  not  absorb  or  destroy,  into  two  great  divisions ;  of  which  one  was 
gradually  pressed  northward  and  eastward,  so  as  to  be  restricted  to  Fin- 
land and  Lapland ;  and  the  other  south wai-d  and  westward,  so  as  to  be 
confined  at  the  earliest  historic  period  to  a  part  of  the  peninsula  of  Spain 
and  the  south  of  France,  gradually  to  be  driven  before  the  successive 
irruptions  of  the  Celts,  Eomans,  Arabians,  and  other  nations,  until  their 
scanty  remnant  found  an  enduring  refuge  in  the  fastnesses  of  the  Py- 
renees.*— The  Indo-Germanic  race  is  unquestionably  that  which  has 
exercised  the  greatest  influence  on  the  civilization  of  the  Old  World;  and 
it  seems  indubitably  destined  to  acquire  a  similar  influence  in  those 
newly-found  lands,  which  have  been  discovered  by  its  enterprise.  With 
scarcely  an  exception,  as  Dr.  Latham  has  justly  remarked,  the  nations 
belonging  to  it  present  an  encroaching  frontier :  there  being  no  instance 
of  its  permanent  displacement  by  any  other  race,  save  in  the  case  of  the 
Arab  dominion  in  Spain,  which  has  long  since  ceased;  in  that  of  the 
Turkish  dominion  in  Turkey  and  Asia  Minor,  which  is  evidently  destined 
to  expire  at  no  distant  period,  being  upheld  for  merely  political  purposes 
by  extraneous  influence ;  and  in  that  of  the  Magyars  in  Hungaiy,  who 
only  maintain  their  ground  thi-ough  their  complete  assimilation  to  the 
Indo-Germanic  character.    It  is  a  remarkable  fact,  that  in  most  cases  in 
which  this  race  extends  itself  into  countries  previously  tenanted  by  people 
of  an  entirely  different  type,  the  latter  progressively  decline  and  at  last 
disappear  before  it,  provided  the  climate  be  such  as  enables  it  to  maintain 
a  vigorous  existence ;  this  is  pre-eminently  the  case  in  North  and  South 
America,  in  .Australia,  in  New  Zealand,  and  in  many  of  the  smaller 
Polynesian  islands.    And  where  the  climate  is  less  favourable  to  the 
perpetuation  of  the  race  in  its  purity,  an  intermixture  with  the  native 
blood  frequently  gives  rise  to  a  mixed  race,  which  possesses  the  developed 
intellect  of  the  one,  and  the  climatic  adaptiveness  of  the  other,  and 
which  appears  likely  ultimately  to  take  the  place  of  both. 

1052.  The  Syro-Arahian  or  Semitic  nations,  agree  with  the  preceding 
in  general  physical  characters,  but  differ  entirely  in  the  structure  of  then" 
language,  and  for  the  most  part  in  vocabulary  also,  though  recent 
researches  seem  to  indicate  that  certain  7'oots  of  the  Semitic  and  Indo- 
Germanic  languages  have  a  decided  affinity.  It  seems  quite  certain,  how- 
ever, that  the  linguistic  affinities  of  the  Semitic  nations  ai'e  rather  with 
the  African  than  with  the  Indo-European  races ;  and  so  strong  is  the 
link  of  connection  thus  established,  that  by  Dr.  Latham  they  are  ranked 

•  This  view,  which  was  suggested  by  the  Author  in  the  "  Brit,  and  For.  Med.  Ren., 
Oct.  1847,  without  the  knowledge  tliat  it  had  been  elsewhere  propounded,  . 
put  forth  with  considerable  confidence  by  Dr.  Latham  ("Varieties  of  Man,'"  ^Vnii 
having  originated  with  Aradt  and  been  adopted  by  Rask,  distinguished  Scandinavi 
ethnologists. 
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vith  the  former  under  the  general  designation  Atlantidce*  whilst  Mr. 
N!S[orris,  whose  authority  upon  all  such  subjects  is  deservedly  great,  is 
litrongly  disposed  (as  he  has  himself  informed  the  Author)  to  consider 
i;hem  an  essentially  African  people. — The  original  centre  of  this  race, 
lowever,  is  commonly  reputed  to  have  been  that  region  of  Asia  which  is 
ntermediate  between  the  countries  of  the  Indo-European  and  of  the 
Egyptian  races ;  having  as  its  centre  the  region  watered  by  the  great 
ivers  of  Mesopotamia.    Several  of  the  nations  originally  constituting 
is  gToup  have  become  extinct,  or  nearly  so;  and  the  Arabs,  which 
loriginally  formed  but  one  subdivision  of  it,  have  now  become  the  dominant 
•ace,  not  only  throughout  the  ancient  domain  of  the  Syro- Arabian  nations, 
3ut  also  in  Northern  Africa.    In  the  opinion  of  Baron  Larrey,  who  had 
iimple  opportunities  for  observation,  the  skulls  of  the  Arabian  race  fur- 
'■  lish,  at  present,  the  most  complete  type  of  the  human  head ;  and  he 
.'ousidered  the  remainder  of  the  physical  frame  as  equally  distinguished 
oy  its  superiority  to  that  of  other  races  of  men.    The  different  tribes  of 
A^^rabs  present  very  great  diversities  of  colour,  which  are  generally  found 
■■.0  coincide  with  variations  in  climate.     Thus  the  Shegya  Arabs,  and 
others  living  on  the  low  countries  bordering  on  the  Nile,  are  of  a  dark- 
iorown  or  even  black  hue;  but  even  when  quite  jetty,  they  are  distin- 
luished  from  the  NegTO  races  by  the  brightness  of  their  complexions,  by 
he  leng-th  and  straightness  of  their  hair,  and  by  the  regularity  of  their 
."eatures.    The  same  maybe  said  of  the  wandering  Arabs  of  Northern 
Aifrica ;   but  the  influence  of  climate  and  circumstances  is  still  more 
ii  trongly  marked  in  some  of  the  tribes  long  settled  in  that  region,  whose 
idescent  may  be  traced  to  a  distinct  branch  of  the  Syro-Arabian  stock, 
*  lamely,  the  Berber,  to  which  belong  the  Kabyles  of  Algiers  and  Tunis, 
he  Tuaryks  of  Sahara,  and  the  Guanches  or  ancient  population  of  the 
IJanary  Isles.    Amongst  these  tribes,  whose  affinity  is  indisputably  trace- 
ible  through  their  very  remarkable  language,  every  gradation  may  be 
n,  from  the  intense  blackness  of  the  Negro  skin,  to  the  more  swarthy 
e  of  the  inhabitants  of  the  South  of  Europe.    It  is  remarkable  that 
e  of  the  Tuaryk  inhabitants  of  particular  Oases  in  the  great  desert, 
0  are  almost  as  insulated  from  communication  with  other  races  as  are 
he  inhabitants  of  islands  in  a  wide  ocean,  have  hair  and  featin-es  that 
]  )proach  those  of  the  Negroes  ;  although  they  speak  the  Berber  language 
ith  such  purity,  as  to  forbid  the  idea  of  the  introduction  of  these  cha- 
acters  by  an  intermixture  of  races.    The  Jews,  who  are  the  only  rem- 
lants  now  existing  of  the  once  powerful  Phoenician  tribe,  and  who  are 
(jw  dispersed  through  nearly  every  country  on  the  face  of  the  earth, 
ii-cscnt  a  similar  diversity;  having  gradually  assimilated  in  physical 
laracters  to  the  nations  among  which  they  have  so  long  resided  (§  1035). 
1053.  The  second  primary  division  of  the  Human  family,  according  to  the 
angement  of  Blumenbach,  is  that  commonly  termed  Mongolian.  The 
eal  Mongols,  however,  constitute  but  a  single  and  not  very  considerable 
ember  of  the  group  of  nations  associated  under  this  designation;  which 
I,  therefore,  by  no  means  an  appropriate  one.    The  original  seat  of  these 
tecs  appears  to  have  been  the  great  central  elevated  plain  of  Asia,  in 
liich  all  the  gi'eat  rivers  of  that  continent  have  their  sources,  whatever 


•  See  his  "  Varieties  of  Man,"  1850,  p.  469. 
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may  be  their  subsequent  direction.    Taken  as  a  wliole,  this  division  is 
characterized  by  the  pyramidal  form  of  the  skull,  whose  antei-o-poste- 
rior  diameter  scarcely  exceeds  the  parietal,  and  by  the  broad  flat  face  and 
prominent  cheek-bones;  by  the  flattening  of  the  nose,  which  is  neither 
arched  nor  aquiline;  by  the  eyes  being  drawn  upwards  at  their  outer 
angle ;  by  the  xanthous  or  olive  complexion,  which  sometimes  becomes 
fair,  but  frequently  swarthy;  by  the  scantiness  and  straightness  of  the 
hair,  and  by  deficiency  of  beard;  and  by  lowness  of  stature.  These 
characters,  however,  are  exhibited  in  a  prominent  degree  only  in  the  more 
typical  members  of  the  gi'oup ;  and  may  become  so  greatly  modified  as 
to  cease  altogether  to  be  recognizable.    Such  a  modification  has  been 
remarkably  effected  in  the  case  of  the  Turkish  people,  now  so  extensively 
distributed.    All  the  most  learned  writers  on  Asiatic  history  are  agi-eed 
in  opinion,  that  the  Turkish  races  are  of  one  common  stock ;  although  at 
present  they  vary  in  pliysical  characters,  to  such  a  degree  that,  in  some, 
the  original  type  lias  been  altogether  changed.    Those  which  still  inhabit 
the  ancient  abodes  of  the  race,  and  preserve  their  pastoral  nomadic  life, 
present  the  physiognomy  and  general  characteristics  which  appear  to  have 
belonged  to  the  original  Turkomans ;  and  these  are  decidedly  referable  to 
the  so-called  Mongolian  type.    Before  the  Mahommedan  era,  however, 
the  Western  Turks  or  Osraanlis  had  adopted  more  settled  habits,  and  had 
made  considerable  progress  in  civilization;  and  their  adoption  of  the 
religion  of  Islam  incited  them  to  still  wider  extension,  and  developed  thcat 
spirit  of  conquest,  which,  diu'ing  the  middle  ages,  displayed  itself  with 
such  remarkable  vigoui".    The  branches  of  the  race,  which,  from  their 
long  settlement  in  Europe,  have  made  the  greatest  progress  in  civiliza- 
tion, now  exhibit  in  all  essential  particulars  the  physical  characters  of  the 
European  model;  and  these  are  particularly  apparent  in  the  conformation 
of  the  skull.  —  In  like  manner  we  find  that  the  Ugi'ian  division,  which 
migrated  towards  the  north-west  at  a  veiy  early  period,  planted  a  colony 
in  Europe,  which  still  tenants  the  northern  Baltic  countries,  forming  the 
races  of  Finns  and  Lapps.  In  the  time  of  Tacitus,  the  Finns  wei-e  as  savage 
as  the  Lapps;  b\it  the  former,  during  the  succeeding  ages,  became  so  far 
civilized,  as  to  exchange  a  nomadic  life  for  one  of  agi'icultural  pursuits, 
and  have  gradually  assimilated  with  the  smrounding  people ;  whilst  the 
Lapps,  like  the  Siberian  ti'ibes  of  the  same  race,  have  ever  since  continued 
to  be  iDavbarous  nomades,  and  have  undergone  no  elevation  in  physical 
characters.    The  same  division  gave  origin  to  the  Magyars  or  Hunga- 
rians; a  warlike  and  energetic  people,  unlike  their  kindred  in  the  North; 
in  whom  a  long  abode  in  the  centre  of  Europe  has,  in  like  manner,  deve- 
loped the  more  elevated  characters,  physical  and  mental,  of  the  European 
nations. 

1054.  The  nations  inhabiting  the  South-eastern  and  Southern  portion 
of  Asia,  also,  appear  to  have  had  their  origin  in  the  Mongolian  or  Centifil 
Asiatic  stock;  although  their  features  and  form  of  skull  by  no  means 
exhibit  its  characteristic  marks,  but  present  such  departures  from  it,  as 
are  elsewhere  observable  in  races  that  are  making  advances  in  civilization. 
The  conformity  to  the  Mongolian  type  is  most  decidedly  shown  by  the 
nations  (collectively  termed  Scriform  by  Dr.  Latham),  which  inhabit 
China,  Thibet,  the  Indo-Chinese  peninsula,  and  the  base  of  the  Hmia- 
layan  range;  these  are  associated  by  certain  linguistic  peculiarities  which 
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distinguish  them  from  all  other  races;  that  primitive  condition  of  human 
speech,  in  which  there  is  a  total  absence  of  inflections  indicative  of  the 
relation  of  the  principal  words  to  one  another,  being  apparently  preserved 
with  less  change  in  the  tongues  of  these  people,  than  in  those  of  any 
other.  The  Chinese  may  be  physically  characterized  as  Mongohans 
softened  down;  and  in  passing  from  China  towards  India,  through  the 
Burmese  empu'e,  there  is  so  gradual  a  transition  towards  the  ordinary 
Hindoo  type,  that  no  definite  line  of  demarcation  can  be  anywhere 
di-awu. — The  inhabitants  of  the  great  peninsula  of  Hindostan  have  been 
commonly  ranked  (as  abeady  remarked)  under  the  Caucasian  race  j  both 
on  account  of  their  physical  conformity  to  that  type,  and  also  because  it 
has  been  considered  that  the  basis  of  their  languages  is  Sanskritic.  It  is 
certain,  however,  that  this  conclusion  is  incorrect  with  regard  to  a  very 
large  proportion  of  the  existing  population  of  India ;  and  there  is  strong 
reason  to  believe  that  no  part  of  it  bears  any  real  relation  of  affinity  to 
the  Indo-European  group  of  nations,  except  such  as  may  be  derived  from 
a  sHght  intermixture.  Thus,  the  Tamulicm,  which  is  the  dominant  lan- 
guage of  Southern  India,  is  undoubtedly  not  Sanskritic  in  its  origin 
(although  containing  an  infusion  of  Sanskritic  words),  but  more  closely 
approximates  to  the  Seriform  type;  and  many  of  the  hill  tribes,  in 
different  parts  of  India,  speak  pecidiar  dialects,  which,  though  mutually 
unintelHgible,  appear  referable  to  the  same  stock.  Now  it  is  among  this 
portion  of  the  population  of  India,  that  the  greatest  departure  presents 
itself  from  the  Caucasian  type  of  cranial  conformation,  and  the  closest 
conformity  to  the  Mongolian ;  the  cheek-bones  being  more  prominent, 
the  hair  coarse,  scanty,  and  straight,  and  the  nose  flattened;  sometimes, 
also,  the  lips  are  very  thick,  and  the  jaws  project,  showing  an  approxima- 
tion to  the  prognathous  type.  Now  in  the  opinion  of  Dr.  Latham  and 
Mr.  Norris,  the  various  dialects  of  Northern  India  (of  which  the  Hinclos- 
tani  is  the  most  extensively  spoken)  are  to  be  regarded  as  belonging,  in 
virtue  of  theu-  fundamental  nature,  to  the  same  group  with  those  of  High 
Asia,  notwithstanding  the  large  infusion  of  Sanskritic  words  which  they 
contain ;  this  infusion  having  been  introduced  at  an  early  period  by  an 
invading  branch  of  the  Arian  stock,  of  whose  advent  there  is  historical 
evidence,  and  whose  descendants  the  ordinary  Hindoo  population  have 
been  supposed  to  be.  According  to  this  view,  then,  the  influence  of  the 
Arian  invasion  upon  the  language  and  population  of  Northern  India,  was 
very  much  akin  to  that  of  the  Norman  invasion  upon  those  of  England ; 
the  number  of  individuals  of  the  invading  race  being  so  small  in  propor- 
tion to  that  of  the  indigenous  population,  as  to  be  speedily  merged  in  it, 
not,  however,  without  contributing  to  an  elevation  of  its  physical  charac- 
ters; and  a  large  number  of  new  words  having  been  in  like  manner 
introduced,  without  any  essential  change  in  the  type  of  the  original 
language.  And  thus  the  only  distinct  traces  of  the  Arian  stock  are  to 
be  found  in  the  Brahminical  caste,  which  preserves  (though  with  great 
corruption)  the  original  Brahminical  religion,  and  which  keeps  up  the 
Sanskrit  as  its  classical  language  ;  it  is  certain,  however,  that  this  race  is 
far  from  being  of  pure  descent,  having  intermingled  to  a  considerable 
extent  with  the  ordinaiy  Hindoo  population.  There  is  but  little  to 
remind  us  of  the  Mongolian  type  in  the  countenances  of  the  Hindoos, 
which  are  often  remarkable  for  a  symmetrical  beauty  that  only  wants  a 
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more  intellectxtal  expression  to  render  them  extremely  striking;  some 
traces  of  it,  however,  may  perhaps  be  found  in  the  rather  prominent 
zygomatic  arches  which  are  common  amongst  them;  but  the  cranial 
portion  of  the  skull  presents  no  approach  to  the  pyramidal  type,  being 
often  very  regularly  elliptical.  There  is  a  remarkable  difference  in  the 
colour  of  the  different  Hindoo  tribes ;  some  being  nearly  as  dai-k  as 
Negi-oes,  others  more  of  a  copper  colour,  others  but  little  darker  than 
the  inhabitants  of  Southern  Europe,  whilst  others  who  can  be  shown  to 
have  migrated  at  a  remote  period  into  one  of  the  hilly  districts  of 
Northern  India,  have  a  fair  complexion  with  blue  eyes  and  auburn  or 
even  red  hair. — Another  marked  departvu-e  from  the  ordinary  Mongolian 
type  is  presented  by  the  Hyj^erborean  tribes  inhabiting  the  borders  of 
the  Icy  Sea;  these  have  for  the  most  part  a  j^yramidal  skull,  but  their 
complexion  is  swarthy  and  their  growtli  is  peculiarly  stunted;  and  they 
form  the  link  that  connects  ordinary  Mongolidas  with  the  Lapps  and 
Finns  of  Eiu-opo  on  one  side,  and  with  the  Esquimaux  of  North  America 
on  the  other. 

1055.  According  to  the  usual  mode  of  dividing  the  Human  family,  the 
Ethiopian  or  Negro  stock  is  made  to  include  all  the  nations  of  Africa,  to 
the  southward  of  the  Atlas  range.  But,  on  the  one  hand,  there  is  good 
reason  for  separating  the  Hottentots  and  Bushmen  of  the  southern  ex- 
tremity as  a  distinct  race;  so,  again,  the  i-egion  nox'th  of  the  Great  Desert 
is  mostly  occuijied  by  Semitic  tribes ;  the  scattered  popidation  of  the 
Great  Desert  itself  is  far  from  being  Negro  in  many  of  its  features;  the 
valley  of  the  Nile,  at  least  in  its  middle  and  lower  jDortions,  including 
Egypt,  Nubia,  and  even  Abyssinia,  is  inhabited  by  a  group  of  nations  which 
may  be  designated  as  Nilotic,  and  which  presents  a  series  of  gradational 
transitions  between  the  Negroes  and  Kaffres  and  the  Semitic  races;  a 
large  portion  of  the  area  south  of  the  Equator  is  occupied  by  the  Kaffi-e 
tribes  and  their  allies,  which  cannot  be  truly  designated  as  Negroes ;  so 
that  the  true  Negro  area  is  limited  to  the  western  portion  of  the  African 
continent,  including  the  alluvial  valleys  of  the  Senegal,  the  Gambia,  and 
the  Niger,  with  a  narrow  strip  of  central  Africa,  passing  eastwards  to  the 
alluvial  regions  of  the  Upper  Nile.  Even  within  this  area,  the  true 
Negro  type  of  conformation,  such  as  we  see  in  the  races  which  inhabit 
the  low  countries  near  the  Slave  Coast, — consisting  in  the  combination  of 
the  prognathous  form  of  skull  with  receding  forehead  and  depressed  nose, 
thick  lips,  black  woolly  hair,  jet-black  unctuous  skin,  and  crooked  legs, — 
is  by  no  means  universally  prevalent;  for  many  of  the  nations  which 
inhabit  it,  must  be  i-anked  as  sub-typical  Negroes;  and  fi'om  these  the 
gradation  in  physical  characters  is  by  no  means  abrupt,  to  those  African 
nations  which  possess,  in  a  considerable  degree,  the  attributes  which  we 
are  accustomed  to  exclude  altogether  from  our  idea  of  the  African  race. 
Thus,  the  race  of  Jolofs  near  the  Senegal,  and  the  Guber  in  the  interior 
of  Sudan,  have  woolly  hair  and  deep  black  complexions,  but  fine  forms 
and  regular  features  of  a  European  cast ;  and  nearly  the  same  may  be 
said  of  the  darkest  of  the  Kaffres  of  Southern  Africa.  The  Bechuaua 
Kafft-es  present  a  still  nearer  approach  to  the  European  type ;  the  com- 
plexion being  of  a  light  brown,  the  hair  often  not  woolly  but  merely 
curled,  or  even  in  long  flowing  ringlets,  and  the  figure  and  features  having 
much  of  the  European  character. — There  is  no  group,  in  fact,  which  pre- 
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seuts  a  more  constant  coiTespondence  between  external  conditions  and 
pliysical  conformation,  than  that  composed  of  the  African  nations.  As 
we  find  the  complexion  becoming  gradually  darker,  in  passing  from 
northern  to  southern  Europe,  thence  to  North  Africa,  thence  to  the 
borders  of  the  Great  Desert,  and  thence  to  the  intertropical  region  where 
alone  the  dullest  black  is  to  be  met  with, — so  do  we  find,  on  passing 
southwards  from  this,  that  the  hue  becomes  gradually  lighter  in  propor- 
tion as  we  proceed  further  from  the  equator,  until  we  meet  with  races  of 
comparatively  fair  complexions  among  the  nations  of  Southern  Africa. 
Even  in  the  intertropical  region,  high  elevations  of  the  surface  have  the 
same  effect  as  we  have  seen  them  to  produce  elsewhere,  in  lightening  the 
complexion.  Thus  the  high  parts  of  Senegambia,  where  the  temperature 
is  moderate  and  even  cool  at  times,  are  inhabited  by  Fulahs  of  a  light 
copper  coloui',  whilst  the  nations  inhabiting  the  lower  regions  around 
them  are  of  true  Negro  blackness :  and  nearly  on  the  same  parallel,  but 
at  the  opposite  side  of  Africa,  are  the  high  plains  of  Enarea  and  Kaifa, 
where  the  inhabitants  are  said  to  be  fairer  than  the  natives  of  Southern 
Em'ope. 

1056.  The  languages  of  the  Negro  nations,  so  far  as  they  are  known, 
seem  to  belong  to  one  group ;  for  although  there  is  a  considerable 
diversity  in  their  vocabularies  (arising  in  great  part  from  the  want  of 
written  records  which  would  give  fixity  to  their  tongues),  yet  they  seem 
to  present  the  same  grade  of  development  and  the  same  grammatical 
forms;  and  various  proofs  of  their  affinity  with  the  Semitic  languages 
have  been  developed,  these  being  afforded  by  similarity  alike  of  roots  and 
of  grammatical  construction.  The  Semitic  afiiuity  of  the  Negro  nations 
is  further  indicated  in  a  very  remarkable  manner,  by  the  existence  of  a 
variety  of  superstitions  and  usages  among  the  Negroes  of  the  Western 
coast,  closely  resembling  those  which  prevail  also  among  the  Nilotic  races 
whose  Semitic  relations  are  most  clear,  as  well  as  among  branches  of  the 
Semitic  stock  itself ;  and  thus  we  seem  to  have  adequate  proof  of  the 
absence  of  any  definite  line  of  demarcation,  in  regard  either  to  'physiolo- 
gical or  to  linguistic  characters,  between  the  Negro  race,  and  one  of  those 
which  has  always  been  considered  to  rank  as  among  the  most  elevated 
forms  of  the  Caucasian  variety. — Nor  is  there  anything  in  the  psychical 
character  of  the  Negro,  which  gives  us  a  right  to  separate  him  from  other 
races  of  Mankind.  It  is  true  that  those  races  which  have  the  Negro 
character  in  an  exaggerated  degree,  are  uniformly  in  the  lowest  stage  of 
society,  being  either  ferocious  savages,  or  stupid,  sensual,  and  indolent; 
such  are  most  of  the  tribes  along  the  Slave  Coast.  But,  on  the  other 
hand,  there  are  many  Negro  states,  the  inhabitants  of  which  have  attained 
a  considerable  degree  of  improvement  in  their  social  condition ;  such  are 
the  Ashanti,  the  Sulima,  and  the  Dahomans  of  Western  Africa,  also  the 
Guber  of  Central  Sudan,  among  which  a  considerable  degree  of  civiliza- 
tion has  long  existed ;  the  physical  characters  of  all  these  nations  deviate 
considerably  from  the  strongly-marked  or  exaggerated  type  of  the  Negro ; 
and  the  last  are  perhaps  the  finest  race  of  genuine  Negroes  on  the  whole 
continent,  and  present  in  their  language  the  most  distinct  traces  of 
original  relationship  to  the  Syro- Arabian  nations.  The  highest  civiliza- 
tion, and  the  greatest  improvement  in  physical  characters,  are  to  be  found 
in  those  African  nations  which  have  adopted  the  Mohammedan  religion ; 
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this  was  introduced,  three  or  four  centuries  since,  into  the  eastern  portion 
of  Central  Africa;  and  it  appears  that  the  same  people,  which  were  then 
existing  in  the  savage  condition  stiU  exhibited  by  the  pagan  nations 
further  south,  have  now  adopted  many  of  the  arts  and  institutions  of 
civilized  society,  subjecting  themselves  to  governments,  practising  agricul- 
ture, and  dwelling  in  towns  of  considerable  extent,  many  of  which  con- 
tain 10,000,  and  some  even  30,000  inhabitants;  a  circumstance  which 
implies  a  considerable  advancement  in  industry,  and  in  the  resources  of 
subsistence.  This  last  fact  affords  most  sti-iking  evidence  of  the  im- 
provahility  of  the  Negi'o  races;  and,  taken  in  connection  with  the  many 
instances  that  have  presented  themselves,  of  the  advance  of  individuals, 
under  favourable  circumstances,  to  at  least  the  average  degTce  of  mental 
develoiiment  among  the  European  nations,  it  affords  clear  proof  that  the 
line  of  demai'catiou,  which  has  been  supposed  to  sepai'ate  them  intellec- 
tually and  morally  from  the  races  that  have  attained  the  gi-eatest  eleva- 
tion, has  no  more  real  existence  than  that  which  has  been  supposed  to  be, 
justified  by  a  difference  in  physical  characters,  and  of  which  the  fallacy 
has  been  i^reviously  demonsti-ated. 

1057.  The  southern  poilion  of  the  African  continent  is  inhabited  by  a 
group  of  nations,  which,  as  ah-eady  mentioned,  recede,  more  or  less  deci- 
dedly, from  the  Negi'o  type  in  physical  characters,  and  which  seem  con- 
nected together  by  essential  community  of  language,  as  branches  of  the 
stock  of  which  the  Kaffi'es  may  be  considered  the  stem.  In  this  warhke 
nomadic  people,  which  inliabit  the  eastern  parts  of  South  Africa,  to  the 
northward  of  the  Hottentot  country,  so  great  a  departure  from  the  ordi- 
nary NegTO  type  presents  itself,  that  many  travellers  have  assigned  to 
them  a  different  origin.  The  degi-ee  of  this  departure,  however,  varies 
greatly  in  the  different  Kaflfre  tribes ;  for  whilst  some  of  them  are  black, 
wooUy-hcaded,  and  decidedly  prognathous,  so  as  obviously  to  approach  the 
modified  Negroes  of  Congo  in  general  aspect,  others  recede  considerably 
from  the  typical  prognathous  i-aces,  both  in  complexion,  features,  and 
form  of  head,  presenting  a  light-brown  colour,  high  forehead,  prominent 
nose,  and  a  tall,  robust,  well-shaped  figure.  The  thick  lips  and  black 
frizzled  hair  are  generally  retained,  however ;  but  the  hair  is  sometimes 
of  a  reddish  colour,  and  becomes  flowing  ;  and  the  features  may  present 
a  European  cast.  Even  among  the  tribes  which  depart  most  widely  from 
the  Negro  type,  however,  individuals  are  found  who  present  a  return  to 
it ;  and  it  is  interesting  to  remark,  that  the  people  of  Delagoa  Bay, 
though  of  the  Kaffi-e  race  (as  indicated  by  their  language),  having  been 
degraded  by  subjugation,  approach  the  people  of  the  Guinea  Coast  m 
their  physical  characters.  In  fact,  between  the  most  elevated  Kaffre  and 
the  most  degraded  Negro,  every  possible  gi'adation  of  physical  and  psy- 
chical characters  is  presented  to  us,  as  we  pass  northwards  and  west- 
wards from  Kaffr-aria  towards  the  Guinea  Coast ;  and  we  meet  with  a 
similar  transition,  although  not  carried  to  so  great  an  extent,  as  we  pass 
up  the  eastern  coast. — The  languages  of  the  Kaffi'es  and  other  alhed 
tribes  are  distinguished  by  a  set  of  remarkable  chai-acters,  which  have 
been  considered  as  isolating  them  fi-om  other  African  tongues.  Accord- 
ing to  Dr.  Latham,  however,  these  peculiarities  are  not  so  far  without 
precedent  elsewhere,  as  to  estabhsh  the  very  decided  line  of  demarcation 
which  some  have  attempted  to  draw ;  and  may  be  regiu'dcd,  in  fact,  as 
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resulting  from  the  fuller  development  of  tendencies  which  manifest  them- 
selves in  other  Afi'ican  languages. 

1058.  The  Bushmen  or  Bosjesmen  of  South  Africa  are  generally  regard- 
ed as  presenting  the  most  degraded  and  miserable  condition  of  which  the 
human  race  is  capable  j  and  they  have  been  supposed  to  present  resem- 
blances in  physical  characters  to  the  higher  Quadrumana.  Yet  there  is 
distinct  evidence,  that  this  degraded  race  is  but  a  branch  or  subdivision  of 
the  once  extensive  nation  of  Hottentots  j  and  that  its  present  condition  is 
in  great  part  due  to  the  hardships  to  which  it  has  been  subjected,  partly 
■in  consequence  of  European  colonization.  The  Hottentot  race  differs 
from  all  other  South  African  nations,  both  in  language  and  in  physical 
conformation.  The  language  cannot  be  shown  to  possess  distinct  affini- 
ties with  any  other  stock ;  *  but  in  bodily  structure  there  is  a  remarkable 
admixtm-e  of  the  characters  of  the  MongoHan  with  those  of  the  Negro. 
Thus  the  face  presents  the  very  wide  and  high  cheek-bones,  with  the 
oblique  eyes  and  flat  nose,  of  the  Northern  Asiatics ;  at  the  same  time 
that,  in  the  somewhat  prominent  muzzle  and  thick  lips,  it  resembles  the 
countenance  of  the  Negro.  The  complexion  is  of  a  tawny  buff  or  fawn 
colour,  like  the  black  of  the  Negroes  diluted  with  the  olive  of  the  Mongols. 
The  hair  is  wooUy,  like  that  of  the  Negroes,  but  it  grows  in  small  tufts 
scattered  over  the  surface  of  the  scalp  (like  a  scrubbing-brush),  instead  of 
covering  it  uniformly ;  thus  resembling  in  its  comparative  scantiness  that 
of  the  Northern  Asiatics.  It  is  most  interesting  to  observe  this  remark- 
able resemblance  in  physical  characters,  between  the  Hottentots  and  the 
MongoHan  races,  in  connexion  with  the  similarity  that  exists  between  the 
circumstances  under  which  they  respectively  live ;  and  it  is  not  a  little 
cmious  that  the  Hottentot,  as  the  Mongol,  should  be  distinguished  by 
the  extraordinary  acuteness  of  his  vision.  No  two  countries  can  be  more 
similar,  than  the  vast  steppes  of  Central  Asia,  and  the  karroos  of  Southern 
Africa ;  and  the  proper  inhabitants  of  each  are  nomadic  races,  wandering 
through  deserts  remarkable  for  the  wide  expansion  of  their  surface,  their 
scanty  herbage,  and  the  dryness  of  their  atmosphere,  and  feeding  upon 
the  milk  and  flesh  of  their  horses  and  cattle.  Of  the  original  pastoral 
Hottentots,  however,  very  few  now  remain.  They  have  been  gi'adually 
diiven,  by  the  encroachments  of  European  colonists  and  by  internal  wars 
with  each  other,  to  seek  refuge  among  the  inaccessible  rocks  and  deserts 
of  the  interior ;  and  they  have  thus  been  converted  from  a  mild,  unen- 
tei-prising  race  of  shepherds,  into  wandering  hordes  of  fierce,  suspicious, 
and  vindictive  savages,  treated  as  wild  beasts  by  their  fellow-men,  until 
they  become  really  assimilated  to  wild  beasts  in  their  habits  and  dis- 
positions.   This  transformation  has  taken  place,  under  the  observation  of 

*  It  is  considered  by  some,  that  the  Hottentot  language  is  a  degraded  Kaffre,  as  the 
Bushman  language  is  a  degraded  Hottentot ;  but  the  Author  is  informed  by  Mr.  Norris,  that 
he  sees  no  valid  ground  for  this  assumption,  the  affinities  of  the  Hottentot  language  being 
rather,  in  his  opinion,  with  the  languages  of  High  Asia,  although  the  connecting  links  are 
extremely  slight.  Such  as  they  are,  however,  they  tend  to  confirm  an  idea  suggested  to  the 
Author,  some  years  since,  by  the  marked  reproduction  of  so  many  Mongolian  characters  in 
the  Hottentot  race,  —  that  it  is  the  remnant  of  a  migration  from  Asia,  earlier  than  that  in 
which  the  great  bulk  of  the  African  nations  have  their  origin  ;  and  that  it  has  been  driven 
down  to  the  remotest  corner  of  the  continent,  just  as  the  aboriginal  (Mongolian)  population 
of  south-western  Europe  seems  to  have  beeji  driven  back  by  the  Indo-European  immigration 
(y^  1 050). 
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eye-witnesses,  in  the  Koranas,  a  tribe  of  Hottentots  well  known  to  have 
been  previously  the  most  advanced  in  all  the  improvements  which  belong 
to  pastoral  life  ;  for  having  been  plundered  by  their  neighbom-s,  and 
driven  out  into  the  wilderness  to  subsist  upon  wild  fruits,  they  have 
adopted  the  habits  of  the  Bushmen,  and  have  become  assimilated  in 
every  essential  particular  to  that  miserable  tribe. — It  appears,  how-ever, 
from  the  inquiries  of  Dr.  Andi'ew  Smith,  that  this  process  of  degradation 
has  been  in  operation  quite  independently  of  external  agencies  ;  nearly 
all  the  South  Afi-ican  tribes  who  have  made  any  advances  in  civilization, 
being  surrounded  by  more  barbarous  hordes,  whose  abodes  are  in  the 
wildernesses  of  mountains  and  forests,  and  who  constantly  recruit  their 
numbers  by  such  fugitives  as  crime  and  destitution  may  have  driven 
from  their  own  more  honest  and  more  thriving  communities  ;  and  these 
people  vary  then*  mode  of  speech  designedly,  and  even  adopt  new  words, 
in  order  to  make  their  meaning  unintelligible  to  all  but  the  members  of 
their  own  community.  All  this  has  its  complete  parallel  in  the  very 
midst  of  our  owai  or  any  other  highly  civilized  community  ;  all  om*  large 
towns  containing  spots  nearly  as  inaccessible  to  those  unacquainted  with 
them,  as  are  the  rude  caves  or  clefts  of  hills,  or  the  burrows  scooped  out 
of  the  level  kaiTOO,  in  which  the  wetched  Bushman  lies  in  w^ait  for  his 
prey  ;  and  these  being  tenanted  by  a  people  that  have  been  well  charac- 
terized as  les  classes  dangereuses,  which,  as  often  as  the  arm  of  the  law 
is  paralysed,  issue  forth  from  the  unknown  deserts  within  which  they 
lurk,  and  rival  in  their  fierce  indulgence  of  the  most  degrading  passions, 
and  in  their  excesses  of  wanton  cruelty,  the  most  terrible  exhibitions  of 
barbarian  inhumanity.  Such  outcasts,  in  all  nations,  purposely  adopt, 
like  the  Bushmen,  a  'flash'  language  ;  and  in  their  general  character 
and  usages,  there  is  a  most  striking  parallel.* 

1059.  The  American  nations,  taken  collectively,  form  a  group  which 
appears  to  have  existed  as  a  separate  family  of  nations  from  a  very  early 
period  in  the  world's  history.  They  do  not  form,  however,  so  distinct  a 
variety,  in  regard  to  physical  chai'acters,  as  some  anatomists  have  endea- 
voured to  prove ;  for,  although  certain  peculiarities  have  been  stated  to 
exist  in  the  skulls  of  the  aboriginal  Americans,  yet  it  is  found,  on  a  more 
extensive  examination,  that  these  peculiai'ities  are  very  limited  in  theii' 
extent, — the  several  nations  spread  over  this  vast  continent  differing  from 
each  other  in  physical  peculiarities,  as  much  as  they  do  from  those  of  the 
Old  World,  so  that  no  typical  form  can  be  made-out  among  them.  In 
regard  to  complexion,  again,  it  may  be  remarked,  that  although  the  native 
Americans  have  been  commonly  characterized  as  "  red  men,"  they  ai*e  by 
no  means  invariably  of  a  red  or  coppery  hue,  some  being  as  fair  as  many 
European  nations,  others  being  yellow  or  brown,  and  others  nearly,  if  not 
quite,  as  black  as  the  Negroes  of  Africa ;  whilst,  on  the  other  hand,  there 
are  tribes  equally  red,  and  perhaps  more  deserving  that  epithet,  in  Africa 
and  Polynesia. — In  spite  of  all  this  diversity  of  conformation,  it  is  believed 
that  the  structure  of  their  languages  affords  a  decided  and  clearly-marked 
evidence  of  relationship  between  them.  The  words,  and  even  the  roots, 
may  diftcr  entirely  in  the  different  groups  of  American  nations ;  but  there 
is  a  remarkable  similarity  in  grammatical  construction  among-st  them  all, 


*  See  "  London  Labour  and  tlie  London  Poor,"  p.  2. 
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which  is  of  a  kind  not  only  to  demonstrate  their  mutual  affinity,  but  to 
I   separate  them  completely  from  all  known  languages  of  the  old  continent. 
Notwithstanding  their  diversities  in  mode  of  life,  too,  there  are  peculiari- 
ties of  mental  chai-acter,  as  well  as  a  number  of  ideas  and  customs  derived 
■   from  tradition,  which  seem  to  be  common  to  them  all,  and  which  for  the 
most  part  indicate  a  former  elevation  in  the  scale  of  civilization,  that  has 
I   left  its  traces  among  them  even  in  their  present  degraded  condition,  and 
that  still  distingTiishes  them  from  the  sensual,  volatile,  and  almost 
animahzed  savages,  that  are  to  be  met  with  in  many  parts  of  the  Old 
Continent.  —  The  Esquimaux  constitute  an  exception  to  all  general 
accounts  of  the  physical  characters  of  the  American  nations  ;  for  in  the 
configm*ation  of  their  skulls,  as  also  in  their  complexion,  and  general 
physiognomy,  they  conform  to  the  Mongolian  type,  even  presenting  it  in 
an  exaggerated  degree.    Their  wide  extension  along  the  whole  northern 
coast  of  America,  and  the  near  proximity  of  this  coast  to  Kamschatka, 
I    certainly  lend  weight  to  the  idea  that  they  derive  their  origin  from  the 
Northern  Asiatic  stock ;  but,  on  the  other  hand,  they  have  a  mai'ked 
I     affinity,  in  regard  to  language,  to  the  other  American  nations.  The 
Athapascan  Indians,  various  tribes  of  which  inhabit  the  country  south  of 
the  Esquimaux  country,  seem  intermediate  in  physical  characters,  as  they 
are  in  geographical  position,  between  the  Esquimaux  and  the  ordinary 
Americans.     They  have  a  tradition  which  seems  to  indicate  that  they 
are  derived  fi'om  the  North-Eastern  Asiatics,  with  whom  they  have  many 
points  of  accordance  in  dress  and  manners. 

1060.  It  now  remains  for  us  to  notice  the  Oceanic  races,  which  inhabit 
the  vast  series  of  islands  scattered  through  the-great  ocean  that  stretches 
from  Madagascar  to  Easter  Island.  There  is  no  part  of  the  world,  which 
affijrds  a  greater  variety  of  local  conditions  than  this,  or  which  more 
evidently  exhibits  the  efiFects  of  physical  agencies  on  the  organization  of 
the  human  body.  Moreover,  it  affords  a  case  for  the  recognition  of  affini- 
ties by  means  of  langoiage,  that  possesses  unusual  stability;  since  the 
insulated  position  of  the  various  tribes  that  people  the  remote  spots  of 
this  extensive  tract,  prevents  them  jfrom  exercising  that  influence  upon 
each  other's  forms  of  speech,  which  is  to  be  observed  in  the  case  of  nations 
united  by  local  proximity  or  by  frequent  intercourse.  Tried  by  this  test, 
it  is  found  that  the  difierent  groups  of  people  inhabiting  the  greater  part 
of  these  insular  tracts,  are  more  nearly  connected  together,  although  so 
widely  scattered  and  so  diverse  in  physical  characters,  than  most  of  the 
families  of  men  occupying  continuous  tracts  of  land  on  the  gi'eat  conti- 
nents of  the  globe.  The  inhabitants  of  Oceania  seem  divisible  into  two 
pnncipal  groups,  which  are  probably  to  be  regarded  as  having  consti- 
tuted distinct  races  from  a  very  early  period ;  these  are  the  Malayo-Poly- 
nesian  race,  and  the  Pelagian  Negroes  or  Negritos. 

1061.  The  Malayo-Folynesian  group  is  by  far  the  more  extensive  of 
the  two ;  and  comprehends  the  inhabitants  of  the  greater  pai't  of  the 
Indian  and  Polynesian  Archipelagoes,  with  the  peninsula  of  Malacca 
(which  is  the  centre  of  the  Malays  proper),  and  perhaps  the  inhabitants  of 
Madagascar.  These  are  all  closely  united  by  affinities  of  language.  The 
proper  Malays  bear  a  strong  general  resemblance  to  the  Mongolian  races, 
and  this  resemblance  is  shared,  in  a  greater  or  less  degree,  by  most  of  the 
inhabitants  of  the  Indian  Archipelago.    They  are  of  a  darker  complexion, 
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as  might  be  expected  from  their  proximity  to  the  equator;  but  in  this 
complexion,  yellow  is  still  a  large  ingredient.  The  Polynesian  branch  of 
the  group  presents  a  much  wider  diversity;  and  if  it  were  not  for  the 
community  of  language,  it  might  be  thought  to  consist  of  several  races 
as  distinct  from  each  other  as  from  the  Malayan  branch.  Thus  the 
Tahitians  and  Marquesans  are  tall  and  well-made ;  their  figures  combine 
grace  and  vigour ;  their  skulls  are  usually  remarkably  symmetrical ;  and 
their  physiognomy  presents  much  of  the  European  cast,  with  a  vei-y 
slight  admixture  of  the  featm-es  of  the  Negro.  The  complexion,  espe- 
cially in  the  females  of  the  higher  classes,  who  are  sheltered  from  the 
wind  and  sun,  is  of  a  clear  olive  or  brunette,  such  as  is  common  among 
the  natives  of  Central  and  Southern  Europe  ;  and  the  hair,  though  gene- 
rally black,  is  sometimes  brown  or  auburn,  or  even  red  or  flaxen.  Among 
other  tribes,  as  the  New  Zealanders,  and  the  Tonga  and  Friendly 
Islanders,  there  are  greater  diversities  of  conformation  and  hue ;  some 
being  finely  proportioned  and  vigorous,  others  comparatively  small  and 
feeble  ;  some  being  of  a  copper-brown  colour,  others  nearly  black,  others 
olive,  and  othera  almost  white.  In  fact,  if  we  once  admit  a  strongly- 
marked  difference  in  complexion,  featm-es,  hair,  and  general  configmation, 
as  establishing  a  claim  to  original  distinctness  of  origin,  we  must  admit 
tlie  application  of  this  hypothesis  to  almost  eveiy  group  of  islands  in  the 
Pacific ; — an  idea,  of  which  the  essential  community  of  langiiage  seems  to 
afford  a  sufficient  refutation.  Among  the  inhabitants  of  Madagascar,  too, 
all  of  which  speak  dialects  of  the  same  language,  some  bear  a  strong 
resemblance  to  the  Malayan  type,  whilst  others  present  approaches  to  that 
of  the  Negro. 

10G2.  The  Pelagian-Negro  races  must  be  regarded  as  a  group  alto- 
gether distinct  from  the  preceding;  having  a  mai'ked  diversity  of  lan- 
guage; and  presenting,  more  decidedly  than  any  of  the  Malayo-Poly- 
nesians,  the  characters  of  the  Negro  type.  They  form  the  predominating 
popidation  of  New  Britain,  New  Ireland,  the  Louisiade  and  Solomon 
Isles,  of  several  of  the  New  Hebrides,  and  of  New  Caledonia;  and  they 
seem  to  extend  westwards  into  the  mountainous  interior  of  the  Malayan 
Peninsula,  and  into  the  Andaman  Islands  in  the  Bay  of  Bengal.  The 
Tasmanians,  or  aborigines  of  Van  Dieman's  Land,  which  are  now  almost 
comjplely  exterminated,  undoubtedly  belonged  to  this  group.  Very  little 
is  known  of  them,  except  through  the  reports  of  the  people  of  Malayo- 
Polynesian  race  inhabiting  the  same  islands ;  but  it  appeal's  that,  gene- 
rally speaking,  they  have  a  very  inferior  physical  development,  and  lead 
a  savage  and  degraded  life.  There  is  considerable  diversity  of  physical 
characters  among  them ;  some  approximating  closely  in  hair,  complexion, 
and  features,  to  the  Guinea-Coast  Negroes;  whilst  others  ai'e  of  yel- 
lower tint,  straight  hair,  and  better  general  development.  The  Papuans, 
who  inhabit  the  northern  coast  of  New-Guinea  and  some  adjacent  islands, 
and  who  are  remarkable  for  their  large  bushy  masses  of  half-woolly  hair, 
have  been  supposed  to  constitute  a  distinct  race;  but  there  is  little  doubt 
that  they  are  of  hybrid  descent,  between  the  Malays  and  the  Pelagian 
Negroes. — To  this  group  we  are  probably  to  refer  the  Alfozirons,  or 
Alforian  race,  which  are  considered  by  some  to  be  the  earhest  inhabitants 
of  the  greater  pai-t  of  the  Malayan  Archipelago,  and  to  have  been  sup- 
planted by  the  more  powerful  people  of  the  preceding  races,  who  have 
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ler  extirpated  them  altogether,  or  have  driven  them  from  the  coasts 
0  tlie  moimtainous  and  desert  parts  of  the  interior.    They  are  yet  to 
foimd  in  the  central  parts  of  the  Moluccas  and  Philippines;  and  they 
m  to  occupy  most  of  the  interior  and  southern  portion  of  New  Guinea, 
ere  they  are  termed  Endamenes.    They  are  of  very  dark  complexion ; 
t  their  hair,  though  black  and  thick,  is  lank.    They  have  a  peculiarly 
)ulsive  physiognomy;  the  nose  is  flattened,  so  as  to  give  the  nostrils  an 
uost  transverse  position;  the  cheek-bones  project;  the  eyes  are  lai^ge, 
e  teeth  prominent,  the  lips  thick,  and  the  mouth  wide.    The  limbs  are 
ig,  slender,  and  misshapen.    From  the  close  resemblance  in  physical 
aracters  between  the  Endamenes  of  New  Guinea  and  the  aborigines 
New  Holland,  and  from  the  proximity  between  the  adjacent  coasts  of 
ese  two  islands,  it  may  be  surmised  that  the  latter  belong  to  the  Al- 
;  rian  race ;  but  too  little  is  known  of  the  language  of  either,  to  give  this 
ference  a  sufficient  stability.    In  the  degradation  of  their  condition  and 
auner  of  life,  the  savages  of  New  Holland  fully  equal  the  Bushmen  of 
juth  Afi-ica;  and  it  is  scarcely  possible  to  imagine  human  beings,  exist- 
ig  in  a  condition  more  nearly  resembling  that  of  brutes.    But  there  is 
■ason  to  believe,  that  the  tribes  in  closest  contact  with  European 
ttlers  are  more  miserable  and  savage  than  those  of  the  interior;  and 
\  en  with  respect  to  these,  increasing  acquaintance  with  their  language, 
ud  a  consequent  improved  insight  into  their  modes  of  thought,  tend  to 
lise  the  very  low  estimate  which  had  been  formed  and  long  maintained, 
I  regard  to  their  extreme  mental  degradation.    The  latest  and  most 
uthentic  statements  enable  us  to  recognize  among  them  the  same 
■riuciples  of  a  moral  and  intellectual  nature,  which,  in  more  cultivated 
ribes,  constitute  the  highest  endowments  of  humanity ;  and  thus  to  show 
liat  they  are  not  separated  by  any  impassable  barrier,  from  the  most 
■ivilized  and  elevated  nations  of  the  globe.  —  There  are  many  indica- 
inns,  indeed,  that  the  Negrito  race  is  not  so  radically  distinct  from  the 
..' Malay o-Polynesian,  as  the  marked  physical  dissimilarity  of  their  respec- 
t.-.ive  types,  and  the  aj)parent  want  of  conformity  between  their  languages, 
Wjvould  make  it  appear.    For  as,  on  the  one  hand,  some  of  the  subdivi- 
bsions  of  the  latter  present  a  decided  tendency  towards  that  prognathous 
.character  and  depth  of  complexion  which  are  typical  of  the  former,  so 
among  the  former  do  we  not  unfrequently  meet  with  a  lighter  shade  of 
-skin,  a  greater  symmetry  of  skvill,  and  a  considerable  improvement  in 
iform  and  feature.    And  although  no  very  close  relationship  can  be 
'  discovered  between  the  Negrito  and  Malayo-Polynesian  languages,  yet  it 
'  has  been  pointed-out  by  Mr.  Norris  that  a  much  more  decided  relation- 
ship exists  between  the  Australian  and  Tamulian  (§  1054);  and  remote 
'  as  this  connection  seems,  the  circumstance  adds  weight  to  the  idea,  that 
the  native  Australians  (with  other  Negrito  tribes)  are  an  offset  from  that 
southern  branch  of  the  great  nomadic  stock  of  Central  Asia,  which  seems 
early  to  have  spread  itself  through  the  Indo-Chinese  and  the  Indian 
Peninsulas,  and  to  have  even  there  shown  an  approximation  to  the 
prognathous  type. 

1063.  Looking,  then,  to  the  great  diversity  which  exists  among  the 
subordhiatc  grouj^s  of  which  both  these  divisions  consist,  and  their  ten- 
dency to  mutual  approximation,  it  cannot  be  shown  that  any  sufficient 
reason  exists  for  isolating  them  from  each  other;  and,  as  already  re- 
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marked,  there  seems  no  medium  between  the  supposition  that  each 
islaud  had  its  aboriginal  pair  or  pairs,  and  the  doctrine  that  the  wliole  of 
Oceania  has  been  peopled  from  a  common  stock.  Looking,  again,  to  the 
very  marked  approximation  which  is  presented  by  certain  Oceanic  tribes 
to  the  Mongolian  type,  and  this  in  a  locality  which,  on  other  gromL 
might  be  regarded  as  having  received  the  first  stream  of  migi-ation 
the  possibility,  to  say  the  least,  can  scarcely  be  denied,  that  the  main- 
land furnished  the  original  stock,  which  has  imdergone  vtu'ious  trans^ 
formations  subsequently  to  its  first  dispersion;  these  having  been  the 
result  of  climatic  influence  and  mode  of  life,  and  having  been  chiefly 
influenced  as  to  degree,  by  the  length  of  time  during  which  the  trans- 
forming causes  have  been  in  operation.  At  any  rate  it  may  be  safely 
afiirmed,  that  there  is  no  physical  peculiarity  which  entitles  the  Oceanic 
races  to  rank  as  a  group,  which  must  have  necessarily  had  an  original 
stock  distinct  from  that  of  the  Continental  nations. 


CHAPTER  XXL 

OF  DEATH. 

1064.  It  seems  inherent  in  the  very  nature  of  Vital  Action,  that  it  can 
only  be  sustained  during  a  limited  period  by  any  Organized  body;  for 
although  the  duration  of  certain  structures  may  be  prolonged,  and  their 
vital  properties  retained,  almost  indefinitely,  yet  this  is  only  when  the 
withdi'awal  of  all  extraneous  agencies  has  reduced  them  to  a  condition 
of  complete  inactivity  (§  114).  The  Organized  fabric,  in  fact,  is  at  the 
same  time  the  instrument  whereby  Vital  Force  is  exercised,  and  the 
sitbject  of  its  ojDeration ;  and  of  this  operation,  as  we  have  seen  (§  114), 
decline  is  no  less  a  constituent  part  than  development,  and  Death  is 
its  necessary  sequence.  Hence,  in  the  performance  of  each  one  of  those 
Functions  whose  aggregate  makes  xvp  the  Life  of  Man,  the  particular 
organ  which  ministers  to  that  function  undergoes  a  certain  loss  by  the 
decline  and  death  of  its  component  tissues ;  and  this  the  more  rapidly,  in 
proportion  to  the  activity  of  the  changes  which  are  effected  by  their 
instrumentality.  But  if  the  regenerative  processes  be  also  performed 
with  due  vigom-,  no  deterioration  of  the  organ  is  manifested,  since  every 
loss  of  substance  is  compensated  by  the  production  of  an  equivalent 
amount  of  new  and  similar  tissue.  This  regenerative  power,  however, 
gi'adually  diminishes  with  the  advance  of  years ;  and  thus  it  happens  that 
the  entire  organism  progressively  deteriorates  (§  133),  and  that  Death 
at  last  supervenes  from  a  general  failure  of  the  vital  powers, ^  rather 
than  from  the  perversion  or  cessation  of  any  one  class  of  actions  lu 
particvJar. 

1065.  But  Death  may  occur  at  any  period  of  Life,  from  some  local 
interruption  produced  by  disease  or  injury  in  the  regular  sequence  ot 
vital  actions ;  such  interruption  extending  itself  from  the  part  in  which  it 
commences,  to  the  organism  in  general,  in  vu'tue  of  that  intimate  M^^^^^^'j^ 
dependence  of  one  function  upon  another,  which  is  characteristic  of  al 
the  higher  orders  of  living  beings.    The  death  of  the  body  as  a  whole, 
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eh  may  be  appropriately  designated  Somatic*  death,  becomes  a  neces- 
'  consequence  of  the  death  of  a  certain  part  of  it,  or  Molecular  death, 
v  Avhen  the  cessation  of  activity  in  the  latter  interferes  with  the  elabora-* 
.  the  circulation,  or  the  depuration  of  the  Blood,  which  supplies  not 
ely  the  nutritive  pabulum  to  every  part  of  the  organism,  but  also  the 
gen  which  is  essential  to  the  activity  of  the  nervo-muscular  apparatus. 
IS,  even  in  the  higher  animals,  the  death  or  removal  of  the  limbs, 
iiough  they  may  constitute  (as  in  Man)  a  large  proportion  of  the 
trie,  is  not  necessarily  fatal;  because  it  involves  no  interruption,  either 
the  nutritive  operations  of  the  viscera,  or  in  the  sensorial  functions  of 
•  brain.  +    On  the  other  hand,  the  destruction  of  a  certain  minute 
rtion  of  the  nervous  centres,  or  such  a  lesion  of  the  heart's  structm-e 
-would  be  trivial  in  almost  any  other  organ,  may  be  the  occasion  of 
nmediate  death;  because  these  changes  arrest  the  respiratory  move- 
'isnts,  or  interfere  directly  with  the  action  of  the  heart,  so  as  to  bring 
?3  flow  of  blood  to  a  stand.    It  sometimes  happens,  however,  that  life 
\\j  be  prolonged  after  the  death  or  removal  of  some  important  organ, 
I  consequence  of  the  power  which  some  other  possesses  of  discharging  its 
Diction;  thus  we  find  that,  in  Man,  the  kidneys  seem  occasionally  to 
ite  upon  themselves  the  elimination  of  the  constituents  of  bile  from  the 
oood  (§  622);  and  in  the  Frog,  the  skin  can  perform  part  of  the  office 
the  lungs,  so  as  to  effect  the  aeration  of  the  blood  in  a  sufficient 
^'gree  to  prolong  life  for  some  time,  unless  the  temperature  be  elevated.  J 
■ffiut  although  the  vital  activity  of  every  part  of  the  body  is  dependent 
Kion  a  due  supply  of  cii-culating  fluid,  yet  this  dependence  is  usually  not 
t  close  as  to  involve  the  immediate  suspension  of  vital  activity  in  every 
rrt,  whenever  the  general  Circulation  shall  have  been  brought  to  a 
liind.    For  we  have  distinct  evidence  of  the  persistence  of  vital  changes 
various  organs  and  tissues  of  the  body,  after.thg  death  of  the  body  at 
rrge;  as  is  manifested  in  the  performance  of  ciliary  and  of  muscular 
oovements  (§§  231,  328),  in  acts  of  secretion  (§  945)  and  perhaps  even 
nutrition,  in  the  maintenance  of  the  local  circulation  (§  522),  and  in 
(  6  generation  of  animal  heat  (§  652);  and  the  fact  is  even  yet  more 
1  markably  manifested  in  the  reunion  (even  after  the  lapse  of  some  hoiu-s) 
'  parts  that  have  been  entirely  severed,  such  as  fingers  or  toes,  noses  or 
'.rs,  by  adhesion  between  the  cut  surfaces  when  brought  into  appo- 
I  fcion,  which  could  not  take  place  if  the  severed  part  were  dead. 

1066.  The  permanent  and  complete  cessation  of  the  Circulating  current, 
i  hich  essentially  constitutes  Somatic  Death,  may  be  directly  or  indirectly 
)usequent  upon  several  distinct  causes.  —  In  the  first  place,  it  may  be 

'  "  This  term  was  first  suggested  by  Dr.  Prichard,  in  place  of  the  less  accurate  term 
}iy8teraic'  which  was  previously  in  use.  (See"Cyclop.  of  Anat.  and  Physiol.,"  vol.  i,,  p.  791.) 

f  The  Author  has  been  informed  by  Dr.  Daniell,  that  it  is  not  at  all  uncommon,  in  Negroes 
ho  are  in  the  last  stage  of  the  adynamic  fevers  of  the  African  coast,  for  death  and  decompo- 
tion  to  extend  gradually  upwards  from  the  extremities  to  the  trunk  ;  so  that  the  former 
ay  be  a  state  of  absolute  putrescence,  before  the  respiration  and  circulation  have  been 
rought  to  a  stand  ;  and  he  learns  from  his  friend  Prof.  Jackson  of  Philadelpliia,  that  he  has 
lore  than  once  witnessed  the  same  occurrence. 

%  That  such  cannot  take  place  in  Man,  is  due  not  merely  to  the  far  less  complete  adapta- 
on  of  his  skin  for  the  aeration  of  the  blood,  but  also  to  the  dilTcrenco  in  the  type  of  his 
rculation,  which  causes  the  arrest  of  blood  in  the  pulmonary  vessels  to  produce  a  stagnation 
f  the  entire  current. 
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chie  to  failure  in  the  proijulsive  powei'  of  the  Heart,  which  constitutes 
Syncoj^e.  This  failure  may  occur  either  (a)  in  consequence  of  a  loss  of 
the  proper  irritability  of  the  Muscular  tissue,  or  {b)  thi-ough  the  super- 
vention of  a  '  tonic  spasm,'  the  organ  remaining  rigidly  contracted  Avith- 
out  its  usual  alternation  of  relaxation.  The  phenomena  attending  death 
in  the  two  cases  are  not  dissimilar,  when  the  loss  of  irritability  is  sudden 
and  immediate  (as  when  it  arises  from  violent  impressions  on  the  nervoiis 
system) ;  for  the  individual  suddenly  turns  pale,  falls  back  or  drops 
down,  and  exj)ires  with  one  gasp.  But  under  the  former  condition,  the 
heart  is  found  flabby,  sometimes  empty,  sometimes  distended  with  blood, 
both  cavities  being  equally  filled ;  whilst  in  the  latter,  the  heai*t  is  con- 
tracted and  hard,  containing  little  or  no  blood,  as  when  in  the  state  of 
rigor  mortis  (§  335).  —  The  cause  of  the  loss  of  irritability,  when  sudden, 
usually  lies  in  the  influence  of  a  '  shock'  transmitted  through  the  Nervous 
system,  and  originating  either  in  some  severe  lesion  of  its  central  orgaas 
or  of  its  periphei'al  expansion  (§  321),  or  in  a  deficiency  of  its  supply  of 
blood  or  diminution  of  its  usual  pressure  (such  as  is  produced  by  rapid 
detraction  of  blood,  especially  in  the  erect  posture,  by  the  rapid  removal 
of  the  fluid  in  ascites  without  the  substitution  of  artificial  pressure,  or  by 
suddenly  rising  into  the  erect  posture  after  prolonged  recumbency,*  still 
more,  after  long  stooping),  or  in  some  powerful  mental  emotion,  either 
exciting  or  depressing.  A  more  gi'adual  effect  of  the  same  kind  is  pro- 
duced by  lesions  of  the  internal  oi'gaus  (such  as  rupture  of  the  uterus), 
which  often  prove  fatal  by  the  general  '  collapse'  thus  induced,  rather  than 
by  the  disturbance  which  takes  place  in  their  own  proper  functions;  and 
this  seems  to  be  the  usual  modus  operandi  of  corrosive  poisons,  whose 
eftect  upon  the  heart's  action  resembles  that  produced  by  severe  bums  of 
the  surfiice  in  children.  The  influence  of  the  proper  sedative  poisous, 
however,  —  such  as  digitalis,  tobacco,  aconite,  and  upas,  —  seems  to  be 
directly  exerted,  through  the  blood,  upon  the  tissue  of  the  heart  itself; 
and  the  same  is  probably  the  case  with  some  of  those  '  morbid  poisons, 
whose  introduction  into  the  system  gives  rise  to  diseases  of  the  most 
intensely  adynamic  type,  such  as  Malignant  Cholera,  in  which  the  'col- 
lapse '  is  out  of  all  proportion  to  any  local  lesion.  But  again,  the  loss  of 
the  Heart's  u-ritability  may  be  a  gradual  process,  resulting  from  the  dete- 
rioration of  its  tissue  by  fatty  degeneration  or  by  simple  atrophy ;  and  this 
last  condition  may  be  due  to  deficiency  of  blood,  as  happens  in  clu-omc 
starvation  and  diseases  of  exhaustion,  in  which  the  failm-e  of  the  circiila- 
tion  seems  due  to  the  weakening  of  the  heart's  power  and  to  the  lowenng 
of  the  quantity  and  quahty  of  the  blood,  as  concurrent  causes,  the  condi- 
tion thus  induced  being  appropriately  designated  Asthenia.  In  all  ciises 
it  is  to  be  observed,  that  when  the  Vital  powers  have  been  previously  de- 
pressed, a  much  slighter  impression  on  the  Nervous  system  is  adequate 
to  produce  Syncope,  than  would  be  required  when  it  is  in  a  state  or  mil 
vigom-.— The  causes  of  the  tonic  spasm  of  the  heart  have  not  been  clearly 
made-out,  but  it  seems  producible,  like  the  more  common  form  fsj^" 
cope,  by  agencies  operating  through  the  Nervous  system;  thus  it  Has 
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been  thus  induced.  The  state  of  gener 
this  result ;  especially  in  persons  advanced  in  life. 
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iperveiied  upon  the  ingestion  of  a  large  quantity  of  cold  water  into  the 
omach. 

1067.  Somatic  Death  may  be  occasioned,  secondly,  by  an  obstruction  to 
le  flow  of  blood  through  the  capillaries  of  the  lungs,  constituting  Asj^hyxia 

o74)j  and  this  may  be  consequent  upon  a  disordered  state  of  the  luugs 
lemselves,  or  upon  suspension  of  the  respiratory  movements  through  affec- 

us  of  the  Nervous  centres.  It  is  in  this  mode  that  most  fatal  disorders 
I  the  Nervous  System  produce  death,  except  when  a  sudden  and  violent 
iipression  occasions  a  cessation  of  the  heart's  power  j  thus  in  Apoplexy, 
\arcotic  Poisoning,  &c.,  death  results  from  the  paralyzed  condition  of 
he  Medulla  Oblongata;  whilst  in  Convulsive  diseases,  the  fatal  result 
nsues  upon  a  spasmodic  fixation  of  the  respiratory  miiscles. — Thirdly, 
>omatic  death  may  be  occasioned  by  a  disordered  condition  of  the  Blood 
tself  (§  178),  which  at  the  same  time  weakens  the  power  of  the  Heart, 
lupairs  the  activity  of  the  Nervous  system,  and  prevents  the  perform- 
mce  of  those  changes  in  the  systemic  Capillaries,  which  afford  a  powerful 
luxiliary  to  the  circulation.  This  is  Death  by  N'ecrcemia.''^ — Fourthly, 
somatic  death  may  result  directly  from  the  agency  of  Cold,  which  stag- 
lates  all  the  vital  operations  of  the  system.    Where  the  cooling  is  due 

0  the  agency  of  an  extremely  low  external  temperature,  which  acts  first 
ipon  the  superficial  parts,  there  is  reason  to  think  that  the  congestion  of 
;he  internal  vessels  thereby  induced,  occasions  a  torpid  condition  of  the 
Vervous  centres,  and  that  the  cessation  of  the  Circulation  is  immediately 

le  to  Asphyxia.  But  when  the  cooling  is  gradual,  and  the  loss  of  heat 
almost  equally  rapid  throughout,  it  is  obvious  that  the  stagnation 
ast  be  universal,  and  that  no  cessation  of  activity  in  any  one  part  is 
iie  occasion  of  the  torpor  in  the  functions  of  the  remainder.  It  is  iii 
this  manner  that  death  results  from  Starvation,  and  not  by  the  weaken- 
:ug  of  the  heart's  action,  as  commonly  suppos'ed]  the  proofs  of  this  have 
iieen  already  stated  (§  658).  And  as  a  general  rule  we  find,  that  the 
tnore  active  the  changes  which  normally  take  place  in  any  tissue  dming 
life,  the  more  speedily  does  its  Molecular  Death  follow  Somatic  Death, 
the  requisite  conditions  of  its  vital  action  being  no  longer  supplied  to  it. 
Thus  we  observe  that,  in  Cold-blooded  animals,  the  supervention  of  Mole- 
cular upon  Somatic  death,  is  much  less  speedy  than  it  is  in  Birds  and 
Mammals.  This  seems  due  to  two  causes.  In  the  first  place,  the  tissues 
(»f  the  former,  being  at  all  times  possessed  of  a  lower  degree  of  vital 
activity  than  those  of  the  latter,  are  disposed  to  retain  it  for  a  longer 
time;  according  to  the  principle  already  laid  down.  And,  secondly,  as 
tlie  maintenance  of  a  high  temperatm-e  is  an  essential  condition  of  the 
\  ital  activity  of  the  tissues  of  warm-blooded  animals,  the  rapid  cooling  of 
tlie  body  after  Somatic  death  is  calculated  to  extinguish  it  speedily ;  and 
that  this  cause  has  a  real  operation,  is  evinced  by  the  influence  of  artifi- 
cial warmth  in  sustaining  the  vital  properties  of  separated  parts. — The 
)  apidity  with  which  Molecular  death  follows  the  cessation  of  the  general 
c  irculation,  will  be  influenced  by  a  variety  of  causes;  but  especially  by 

1  iie  degree  in  which  the  condition  of  the  solids  and  fluids  of  the  body  lias 
1  icen  impau-ed  by  the  mode  of  death.  Thus  in  Necrtcmia,  Asthenia,  and 
'leath  by  gi-adual  cooling.  Molecular  and  Somatic  death  may  be  said  to  bo 


♦  See  Dr.  C.  J.  B.  WilliaiuB'B  "  Principles  of  Medicine,"  2nd  edit.,  p.  4G4. 
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simultaneous ;  and  the  same  api^ears  to  be  true  of  death  by  sudden  and 
violent  impressions  on  the  Nervous  system  (§  321).  l^ut  in  many  cases 
of  death  by  causes  which  operate  by  producing  a  more  gradual  Syncope  or 
Asphyxia,  the  tissues  and  blood  having  been  previously  in  a  healthy  con- 
dition, Molecular  death  may  be  long  postponed;  and  we  cannot  be  quite 
certain  that  it  has  supervened,  until  signs  of  actual  decomposition  present 
themselves. — When  Molecular  death  takes  place  in  an  isolated  part,  it 
must  result  from  some  condition  peculiar  to  that  part,  and  not  primaiily 
affecting  the  body,  in  general.  Thus  we  may  have  Gangrene  or  Mortifica- 
tion of  a  limb  as  a  direct  result  of  the  application  of  severe  cold,  or  of 
an  agent  capable  of  producing  chemical  changes  in  its  substance,  or  of 
violent  contusions  occasioning  mechanical  injury ;  or,  ag"ain,  from  an  iu- 
termption  to  the  cmrent  of  nutritive  fluid;  oi',  further,  from  some  iU- 
tmderstood  stagnation  of  the  nutritive  process,  which  manifests  itself  in 
the  spontaneous  death  of  the  tissues  without  any  assignable  cause,  as  in 
some  cases  of  senile  gangrene.  Sometimes  we  are  enabled  to  trace  this 
stagnation  to  a  disordered  condition  of  the  cu'culating  fluid ;  as  in  the 
gangrene  resulting  from  the  continued  use  of  the  ergot  of  rye  or 
wheat ;  but  we  can  give  no  other  account  of  the  almost  invariable  com- 
mencement of  such  gangrene  in  the  extremities,  than  we  can  of  the 
selection  of  lead,  introduced  into  the  blood,  by  the  extensors  of  the  fore- 
arm.— When  Mortification  or  Molecular  Death  is  once  established  in  any 
part,  it  tends  to  spread,  both  to  contiguoixs  and  to  distant  portions  of  the 
body.  TJius  we  have  continually  to  witness  the  extension  of  gangrene  of 
the  lower  extremities,  resulting  from  severe  injury  or  from  the  use  of  the 
ergot,  from  the  small  part  first  affected,  until  the  whole  limb  is  involved ; 
and  this  extension  is  easily  accounted-for,  by  our  knowledge  of  the 
tendency  of  organic  substances  in  the  act  of  decomposition,  to  produce  a 
similar  change  in  other  organic  substances  subjected  to  the  influence  of 
proximity  to  them.  And  the  propagation  of  the  gangTcnous  tendency  to 
remoter  parts,  is  obviously  due  to  the  perversion  of  the  quahties  of  the 
Blood,  which  results  from  a  similar  cause.* 

1068.  It  is  quite  certain  that  an  appareiit  cessation  of  all  the  vital  func- 
tions may  take  place,  without  that  entire  loss  of  vitality  which  would  leave 
the  organism  in  the  condition  of  a  dead  body,  liable  to  be  speedily  disuite- 
grated  by  the  operation  of  chemical  and  physical  agencies  (§  115).  The 
state  of  Syncope  is  sometimes  so  complete,  that  the  heart's  action  cannot 
be  perceived,  nor  any  respiratory  movements  be  observed,  all  conscious- 
ness and  power  of  movement  being  at  the  same  time  abohshed;  and  yet 
recovery  has  spontaneously  taken  place,  which  could  scarcely  be  the  case, 
however,  if  all  vital  action  had  been  suspended.  It  is  not  a  little  remark- 
able, that  cei'tain -individuals  have  possessed  the  power  of  voluntarily  indu- 
cing this  condition.  The  best-authenticated  case  of  this  kind  is  that  ot 
Col.  Townsend,  which  was  described  by  Dr.  George  Cheyne,t  who  was 
himself  the  witness  of  the  fact.  But  statements  have  been  recently  made 
respecting  the  performances  of  certain  Indian  Fakeers,  which  are  tar 

*  On  the  proximate  causes  of  Death,  see  especially  the  Art.  'Death,'  by  Dr.  SjTnon^^  "I 
the  "Cyclop,  of  Anat.  and  Phys.,"  vol.  i.;  the  first  chapter  of  Prof.  Alison's  Uutlines 
Pathology  and  Practice  of  Medicine,"  and  Dr.  C.  J.  B.Williams's  "Prmciples  ot  Meaicm  , 
2nd  edit.,  pp.  452-469. 

+  See  his  "  Treatise  on  Nervous  Diseases,"  p.  307. 
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i  iore  extraordinary  j  it  being  demonstrated,  if  these  assertions  are  to  be 
nredited,*  that  the  Human  organism  may  not  only  be  vohmtarily 
sjduced  to  a  state  resembling  profound  collapse,  in  which  there  appears 
.)  be  a  nearly  complete  suspension  of  all  its  vital  oj)erations,  but  may 
.  jntiiiue  in  that  condition  for  some  days  or  even  weeks, — until,  in  fact, 
iiieans  are  taken  to  produce  resuscitation.  —  Another  form  of  apparent 
eeath,  the  existence  of  which  appears  to  be  well-authenticated,  is  that 
jpmetimes  designated  as  'Trance'  or  'Catalepsy,'  in  which  there  is  a 
reduction  of  all  the  Organic  Frmctions  to  an  extremely  low  ebb,  but  in 
I'hich  Consciousness  is  still  presei-ved,  whilst  the  power  of  voluntary 
movement  is  suspended;  so  that  the  patient,  though  fully  aware  of  all 
ihat  is  being  said  and  done  around,  is  unable  to  make  the  least  visible  or 
uudible  sign  of  life.t  It  is  impossible,  in  the  present  state  of  our  know- 
ledge, to  give  any  satisfactory  account  of  these  states;  but  some  light 
ippears  to  be  thrown  upon  them  by  certain  phenomena  of  Artificial 
ioomnambulism,  'hypnotic'  or  'mesmeric'  (§  827);  for  in  this  condition, 
hhere  is  sometimes  an  extraordinary  retardation  of  the  respiratory  move- 
iients  and  of  the  prdsations  of  the  heart,  which,  if  carried  further,  would 
rroduce  a  state  of  complete  collapse;  and  its  self-induction  is  suspected 
\y  Ml".  Braid  to  be  the  secret  of  the  performance  of  the  Indian  Fakeers 
lust  referred-to. 

1069.  The  signs  by  which  real  is  certainly  distinguishable  from  apparent 
Weath,  are  not  numerous,  a  large  proportion  of  those  commonly  relied- 
iin  being  fallacious;  but  they  are  conclusive. — In  the  first  place,  it  is  to 
t'B  remarked  that  no  reliance  is  to  be  placed,  for  the  reasons  already 
iientioned,  upon  the  apparent  cessation  of  the  Heart's  action  and  of  the 
Respiratory  movements;  since  the  reduction  of  these  to  so  Iowa  condition 
li'iat  they  are  no  longer  distinguishable,  is  by  no  means  incompatible  with 
htie  persistence  of  vitality.  A  surer  test,  however,-is  afforded,  by  the  con- 
iition  of  the  Muscular  substance ;  for  this  gradually  loses  its  irritability, 
ffter  real  Death,  so  that  it  can  no  longer  be  excited  to  contraction  by 

*  See  a  collection  of  these  cases,  directly  obtained  from  British  officers  who  had  been 
yye-withesses  of  them  in  India,  by  Mr.  Braid,  in  his  "  Observations  on  Trance,  or  Human 
ilybernation,"  1850.  —  In  one  of  these,  voiiched-for  by  Sir  Claude  M.  Wade  (formerly 
f  olitical  agent  at  the  Court  of  Runjeet  Singh),  the  Fakeer  was  buried  in  an  underground  cell, 
iinder  strict  guardianship,  for  sioc  weeks;  the  body  had  been  twice  dug  up  by  Runjeet  Singh 
tturing  the  period  of  interment,  and  had  been  found  in  the  same  position  as  when  first  bui-ied. 
--In  another  case,  narrated  by  Lieut.  A.  Boileau,  in  his  "  Narrative  of  a  Journey  in 
llajwarra,  in  1835,"  the  man  had  been  buried  for  ten  days,  in  a  grave  lined  with  masonry 
nnd  covered  with  large  slabs  of  stone,  and  strictly  guarded  ;  and  he  assured  Lieut.  B.  that 
ee  was  ready  to  submit  to  an  interment  of  a  twelve  months'  duration,  if  desired. — In  a  third 
use  narrated  by  Mr.  Braid,  the  trial  was  made  under  the  direct  superintendence  of  a  British 
)!)fficer,  a  period  of  nine  days  having  been  stipulated-for  on  the  part  of  the  devotee ;  but  this 
rr/as  shortened  to  three  at  the  desire  of  tlie  Officer,  who  feared  lest  he  should  incur  blame  if 
ibe  result  was  fatal. — The  appearance  of  the  body  when  first  disinterred,  is  described  in  all 
instances  as  having  been  quite  corpse-like,  and  no  pulsation  could  be  detected  at  the  heart  or 
1 1  the  arteries ;  the  means  of  restoration  employed  were  chiefly  warmth  to  the  vertex,  and 
'riction  to  the  body  and  limbs. — It  may  be  remarked  that  the  possibility  of  the  protraction 
tf  such  a  state  (supposing  that  no  deception  vitiates  the  authenticity  of  the  narratives 
■leferred-to)  can  be  much  better  comprehended  as  occurring  in  India,  than  as  taking  place  in 
ihis  country  ;  since  the  warmth  of  the  tropical  atmosphere  and  soil  would  prevent  any  serious 
'•■iss  of  heat,  such  as  must  soon  occur  in  a  colder  climate,  when  the  processes  whereby  it  is 
enerated  are  brought  to  a  stand. 

•j-  Several  such  cases  are  recorded  in  Dr.  H.  Mayo's  "  Letters  on  the  Truths  contained  in 
"opular  Superstitions,"  and  also  by  Mr.  Braid,  Op.  cit. 
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electrical  or  any  other  kind  of  stimulation ;  and  the  loss  of  in-itabilitv  is 
succeeded  by  the  appearance  of  cadaveric  rigidity  (§  333).  So  lou"',  then 
as  the  muscle  retains  its  irritability  and  remains  free  from  rigidity,  so 
long  we  may  say  with  certainty  that  it  is  not  dead ;  and  the  persistence  of 
its  vitality  for  an  unusual  period,  affords  a  presumption  in  favom*  of  the 
continuance  of  some  degree  of  vital  action  in  the  body  generally ;  whilst 
on  the  other  hand,  the  entire  loss  of  irritability,  and  the  supervention  of 
rigidity,  afford  conclusive  evidence  that  death  has  occurred.  The  most 
satisfactory  proof,  however,  is  given  by  the  occurrence  of  putrefaction  • 
this  usually  first  manifests  itself  in  the  blue-green  coloration  of  the  cuta- 
neous surface,  especially  the  abdominal ;  but  it  speedily  becomes  appai-ent 
in  other  parts,  its  rate  being  usually  in  some  degi*ee  of  accordance  with 
the  external  temperatm-e,  though  also  much  influenced  by  the  previous 
condition  of  the  solids  and  fluids  of  the  body,  these  having  been  some- 
times left  by  diseased  actions  in  a  state  that  renders  them  pecidiarly 
prone  to  disintegration  (§  418). 

1070.  With  the  final  restoration  of  the  components  of  the  Human 
Organism  to  the  Inorganic  Universe,  in  those  very  forms,  or  neaily  so,  in 
which  tliey  were  first  withdrawn  from  it,  the  Corporeal  Life  of  Man,  of 
which  it  has  been  the  object  of  the  foregoing  Treatise  to  sketch  the  leading 
features,  comes  to  a  final  close.  But  the  Death  of  this  Body  is  but  the 
commencement  of  a  new  Life  of  the  Soid ;  in  which  (as  the  religious  phy- 
siologist delights  to  believe)  all  that  is  pm'e  and  noble  in  Man's  natiu-e 
will  be  refined,  elevated,  and  progressively  advanced  towards  perfection; 
whilst  all  that  is  carnal,  selfish,  and  degrading,  will  be  eliminated  by  the 
purifying  processes  to  which  each  individual  must  be  subjected,  before 
Sin  can  be  entirely  subjugated,  and  Death  can  be  completely  "  swallowed 
up  of  Victory." 
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A. 

Mberration,  spherical  and  chromatic,  909. 

Mbnormal  forms  of  Nutritive  process,  579 — 
5883  inflammation,  579 — 586;  tubercu- 
losis, 586  —  588;  heterologous  growths, 
588. 

.AAhortion,  1018. 

M.bscesses,  formation  of,  580,  586. 

AAbsence  of  Mind,  825. 

Mbsorbent  Cells,  443,  445. 

 System,  441, 442, 454;  movement 

of  fluids  through,  459,  460, 

 —  Vessels,  structure  and  develop- 
ment of,  292;  see  Ladeals,  and  Lymplia- 
tics. 

M.BSORPTION,  general  nature  of  the  function, 
363,  44] ,  442;  by  blood-vessels  of  intes- 
tinal surface,  442,  443,  445 — 447  ;  by 
lacteals,  443 — 445  ;  by  lymphatics,  448, 
449,  452,  453;  by  general  sanguiferous 
system,  449 — 452, 
Of  vapours  by  lungs,  541,  542. 
Of  effete  tissues,  564,  565. 
AA-bstinence,  entire,  399. 
AA-bstraction,  mental,  815;  voluntary,  816, 

823,  824;  involuntary,  825— 828. 
/Activity,  varying,  of  nutritive  processes,  565 
 579. 

 ,  Vital,  conditions  of,  120—126  ; 

variations  of,  with  age,  126 — 131  ;  rela- 
tion of,  to  duration  of  organism,  113,559; 
to  amount  of  heat  supplied,  123 — 126. 

.^cardiac  foetus,  movement  of  blood  in,  497. 

AAcidity  of  the  urine,  624 — 626. 

AA.daptiveness  of  movements,  no  proof  of  sen- 
sation, 682. 

A  Adhesion,  between  cut  surfaces,  574,  575  ; 
secondary,  679. 

AAdipoccre,  42, 

■'^Adipose  Tissm,  structure  of,  246,  247  ;  de- 
velopment of,  247,  248;  uses  of,  248, 

\Adult  age,  peculiar  attributes  of,  130. 

AAeration,  see  Respiration. 

\Afferent  nerve-fibres,  674,  678. 

\Affinitics,  Chemical,  operation  of,  in  the  liv- 
ing body,  92 — 95. 

\Age,  influence  of,  on  nutritive  activity,  126 
— 131;  on  rate  of  pulse,  485;  on  excre- 


tion of  carbonic  acid,  533;  on  excretion  of 
urea,  619;  on  power  of  calorification,  649 
—652. 

Age  of  Foetus,  means  of  determining,  1051, 
1052. 

Air,  amount  of,  used  in  respiration,  527 — 
530;  changes  in  proportions  of  oxygen  and 
carbonic  acid,  530 — 532;  amount  of  car- 
bonic acid  imparted  to,  532 — 539;  changes 
in  proportion  of  nitrogen,  539, 540;  watery 
vapour  imparted  to,  540,  541. 

Air-cells  of  lungs,  structui-e  of,  512,  513. 

Albinoism,  1070. 

Albumen,  composition  and  properties  of,  23, 
24;  its  presence  in  the  solids  and  fluids  of 
the  body  generally,  25;  conversion  of,  into 
fibrine,  27 — 33,  160,  164,  457;  normal 
proportion  of,  in  blood,  149 — 152;  varia- 
tions in  amount  of,  in  disease,  171 ;  its 
uses,  25,  33,  191. 

Albumino'se,  163,  428. 

Albuminous  Compounds,  21,  89. 

 principles  of  Food,  375 — 384. 

Albuminuria,  blood  in,  163,  170,  171. 

Alcohol,  rapid  absorption  of,  446. 

Alcoholic  drinks,  their  effects  on  the  system, 
390—392;  uses  of,  in  Fever,  645. 

Alfourous,  1096. 

Aliment,  sources  of  demand  for,  361,  362; 
see  Food. 

Alimentary  canal,  development  of,  1037. 
Alkaline  Carbonates,  uses  of,  in  the  system, 
82,  83, 

  Phosphates,  uses  of,  in  the  system, 

84;  presence  of,  in  urine,  623;  amount  of, 
proportional  to  waste  of  nervous  matter, 
351, 

 Sulphates,  presence  of,  in  the  sys- 
tem, 86;  in  urine,  623. 
Alkalinity  of  the  urine,  626,  627. 
Allantoin,  56. 

AUantois,  development  of,  1031,  1032;  for- 
mation of  urinary  bladder  from,  1041, 
Alloxan,  56. 

American  races,  1094,  1095. 
Ammonia,  a  product  of  decomposition,  85. 
Amnion,  formation  of,  1029,  1032. 
Amphibia,  spinal  cord  of,  688. 
Amphioxus,  nervous  system  of,  669,  728. 
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Anaemia,  state  of  blood  in,  1 6.9, 

Analysis  of  Blood,  different  methods  of,  149 

— 152;  in  disease,  165. 
Ancon  breed  of  sheep,  1079  note. 
Animal  Functions,  357,  358;  their  relations 

to  the  Organic,  358 — 360. 

 Heat,  see  Heat,  Animal. 

■  Magnetism,  see  Mesmerism. 

Anterior  Columns  of  Spinal  Cord,  structure 

of,  684—686;  functions  of,  693—696. 

 Commissure,  766. 

 Pyramids  of  Medulla  Oblongata, 

702—706. 
Anthropomorphism,  813 — 815. 
Aorta,  development  of,  1034;  contraction  of, 

produced  by  irritation  of  Sympathetic,  488. 
Aplastic  exudations,  585,  587. 
Aponeuroses,  structure  of,  211. 
Apoplexy,  state  of  blood  in,  169. 
Apparent  Death,  1102. 
Arab  races,  1087. 
Arciform  fibres,  703. 
Area  germinativa,  1027. 

 pellucida,  1027. 

 vasculosa,  1027. 

Areolar  Tissue,  structure  and  composition  of, 

213;  development  of,  214. 
Arian  race,  1085— 1089. 
Arrest  of  Development,  559;  of  circulating 

apparatus,  1034;  of  sexual  organs,  1043; 

of  visceral  arches  of  face,  1 047  note. 
Arsenic,  occasional  presence  of,  in  the  body, 

87;  elimination  of,  87,  199, 
Arterial  and  Venous  blood,  differences  of, 

158—162. 

 system,  first  development  of,  1030, 

1031 ;  subsequent  changes  in,  1033 — 1036, 

yl r/en'es,  movement  of  Blood  in,  487 — 494; 
diameters  of,  487 ;  properties  of  coats 
of,  213,  488;  irritability  of,  488;  influ- 
ence of  nerves  upon,  488;  influence  of 
electrical  and  other  stimuli  on,  489; 
tonicity  of,  489,  490;  regulation  of  dia- 
meter of,  491;  elasticity  of,  491,  492  ; 
pulsation  of,  492,  493;  rate  of  movement 
of  blood  in,  493,  494;  lateral  pressure  of 
blood  in,  494. 

Articulate  sounds,  production  of,  970 — 976; 
vowels,  970 — 972  ;  consonants,  972 — 
975. 

Articulation,  movements  of,  guided  by  sensa- 
tions, 744,  745,  969, 

Artificial  Respiration,  partial  sustenance  of 
heat  by,  647. 

Arum,  liberation  of  heat  by  flowers  of,  641. 

Arytenoid  cartilages,  movements  of,  959 — 
961. 

 muscles,  actions  of,  960,  961. 

Asphyxia,  pathology  of,  544 — 546;  in  rela- 
tion to  capillary  circulation,  498,  499; 
death  by,  544,  1101, 

Assimilation,  general  nature  of  the  function, 
363,  364. 

Association  of  Ideas,  laws  of,  801 — 806. 


Asthenia,  death  by,  1 100, 

Astlima,  spasmodic,  pathology  of,  880, 

Atlantida;,  1087. 

Atrophy,  557;  conditions  of,  570 — 572, 
Attention,  state  of,  806,  807;  its  share  m 
perception,  782;  in  higher  intellectual  pro- 
cesses, 816;  voluntary,  823,  824;  in- 
fluence of,  on  intensity  of  sensations,  885, 
886,  891 — 893;  in  producing  muscular 
movements,  952—957;  on  organic  changes, 
983,  984. 

Auditory  Ganglia,703, 726 ;  functions  of,  731. 

 Nerves,  endowments  of,  738;  ulti- 
mate distribution  of,  929,  930. 

Auricles  of  Heart,  action  of,  477 — 479; 
capacity  of,  480. 

Australian  race,  1097. 

Automatic  Actions,  of  Spinal  Axis,  717— 
722;  of  Sensory  Ganglia,  739—743;  their 
instrumentality  in  voluntary  movement, 
743—750;  of  Cerebrum,  799,  800,  816, 
817;  sleep  prevented  by  them,  851,  852; 
of  Nervous  System  in  general,  864;  their 
subordination  to  the  Will,  864. 

Axioms,  fundamental,  of  human  thought, 
812—815. 

Azote,  see  Nitrogen. 


B. 


Barclay,  Capt.,  case  of,  854. 
Barrackpore,  mortality  in  barracks  at,  553, 
554. 

Basement-membrane,  119. 

Basque  race,  1085,  1086. 

Beauty,  elementary  notion  of,  812. 

Bee,  manifestations  of  instinct  in,  665,  770; 
modification  of  development  by  food  in, 
197;  development  of  heat  in,  642. 

Berber  races,  1087. 

Bellary,  cholera  at,  550,  551. 

Benzoic  Acid,  60. 

Bile,  secretion  of  from  venous  blood,  606; 
excrementitious  nature  of,  607, 609;  partly 
formed  from  products  of  disintegration, 
72,  606,  607 ;  in  part  from  newly-absorbed 
materials,  607;  effects  of  suspension  of, 
607,  608;  re-absorption  of,  608;  general 
composition  of,  608;  individual  compo- 
nents of,  68—72;  quantity  of,  secreted, 
434;  uses  of,  in  digestion,  432,  33. 

Bile-Pigment,  70,  71. 

Biliary  cells,  601,  602;  fatty  degeneration 

of,  604,  605. 

 secretion,  metastasis  of,  594,  595. 

Bilifulvin,  71. 
Bilin,  69. 
Biliphaein,  70. 
Biliverdin,  71. 

Biological  state,  phenomena  of,  826--o--»' 
Birds,  temperature  of,  642;  effects  of  starva- 
tion on,  643,  644;  spinal  cord  of,  >»o. 
sensory  ganglia  of,  728-732;  cerehclUun 
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of,  752;  cerebrum  of,  767,  768,  1048; 
intelligence  and  educability  of,  771. 
iBinoxide  of  protein,  33,  34. 
Ifiladder,  contraction  of,  310,  412. 
I'.^lastema,  formative,  105,  106;  fibrillation 

of, '215. 
blastodermic  vesicle,  1027. 
!31ind  persons,  acuteness  of  touch  in,  899. 
'Blood,  general  purposes  of  in  the  economy, 
131,  132;  quantity  of,  in  Man,  133, 
134;  physical  characters  of,  135,  136. 
Chemical  Composition  of,  149 — 154;  mo- 
dification of,  by  age,  154,  155;  by 
sex,  155;  by  food  and  drink,  156,  157; 
by  loss  of  blood,  158;  differences  of 
Arterial  and  Venous,  158 — 162;  pecu- 
liarities of  portal  blood,  162,  163;  of 
splenic  blood,  163,  164,  468;  of  hepatic 
vein,  164,  165;  of  renal  vein,  165. 
Pathological  Conditions  of,  165 — 173;  in- 
crease of  fibrin,  166,  167;  diminution 
of  fibrin,  167,  168;  increase  of  red 
corpuscles,  169;  diminution  of  red  cor- 
puscles, 169,  170;  increase  of  colourless 
corpuscles,  170;  diminution  of  albumen, 
171;  increase  of  fatty  matter,  1 7 1 , 1 72 ; 
altered  proportion  of  salts,  172;  increase 
and  diminution  of  water,  172;  presence 
of  )oisons  in,  173;  alterations  of,  in  in- 
flammation, 166— 172,580— -583;  buffy 
coat  of,  181 — 183;  inflammatory  efiii- 
sions  from,  583 — 586. 
Vital  Properties  of,  173,  174;  coagulation 
of,  175 — -181  (see  Coagulation);  uses 
of  fibrin  of,  184 — 186;  uses  of  corpus- 
cles of,  187 — 190;  uses  of  albumen  of, 
191 ;  uses  of  fatty  matters  of,  192;  uses 
of  inorganic  components  of,  193;  puri- 
fication of,  by  excretory  processes,  194, 
195;  composition  of,  determines  nutri- 
tive operations,  196,  197;  life  of,  197, 
207;  self-maintaining  power  of,  198; 
elimination  of  poisons  from,  199 — 201 ; 
contamination  of,  by  morbid  poisons, 
201—208. 

'Mood  of  Mother,  influence  of  state  of,  on 
embryonic  development,  1006, 1007,  1050, 
1051. 

'''loocl-C'orpuscles,  Red,  form,  size,  and  aspect 
of,  136—138;  composition  of,  139,  140; 
influence  of  reagents  on,  141 ;  tendency  to 
aggregation  of,  142;  production  of,  145; 
development  of,  in  embryo,  145, 146,  454; 
subsequent  development  from  lymph-cor- 
puscles, 146 — 149;  change  of  colour  in,  by 
respiration,  161,162;  their  uses,  1 87,  1 88 ; 
variations  in  amount  of,  in  disease,  169, 
170;  destruction  of,  170;  mutual  attrac- 
tion of,  in  coagulation,  175,  182;  adhesion 
of,  to  walls  of  vessels,  499. 

 Colourless,  form,  size,  and 

aspect  of,  142,  143;  changes  of  form  of, 
144;  numerical  proportion  of,  to  red,  144; 
development  of,  into  red,  146 — 149;  their 


uses,  188 — 190;  variations  in  amount  of, 

in  disease,  170,  171. 
Blood-vessels,  development  of,  in  vascular 

area,  145,  289,  1029;  (see  Arteries,  Veins, 

and  Capillaries). 
Bone,  structure  of,  256 — 258;  composition 

of,  259—261;  development  of,  261—265; 

growth  of,  266,  267;  irregular  production 

of,  267,  268;  regeneration  of,  268,  269. 
Brain,  see  Cerebrum,  Cerebellum,  and  Sensory 

Ganglia. 
Branchial  arches,  1031. 
Breeds  of  animals,  origination  of  new,  1079. 
Bronchial  tubes,  contractility  of,  513,  514. 
Brunner's  Glands,  229,  430. 
Buffy  coat  of  blood,  181—183. 
Bulbus  arteriosus,  1030. 
Bushmen  of  Southern  Africa,  1082,  1093, 

1094. 
Butyrin,  1063. 

C. 

Caco-plastic  deposits,  587. 
Calcium,  fluoride  of,  its  presence  in  the  body, 
79. 

Calcutta,  black  hole  of,  546. 
Callus,  formation  of,  269. 
Calorification,  theory  of,  648,  649;  (see  Heat, 
Animal). 

Canaliculi  of  Bone,  257,258;  formation  of, 

264,  265. 
Cancelli  of  Bone,  256. 
Cancerous  growths,  569,  588. 
Capacity,  germinal,  126;  gradual  diminution 

of,  with  advance  of  life,  127 — 131. 

 vital,  of  Respiration,  527 — 529. 

Capillarity,  influence  of,  on  chemical  reaction, 

93. 

Capillary  Blood-vessels,  structure  of,  287, 
288;  offices  of,  288,  289;  development 
of,  289—292. 
Circulation  of  blood  in,  494 — 502;  con- 
tinuous flow  through,  495;  independent 
of  heart's  propulsion,  496,  497;  varia- 
tions in  movement,  not  influenced  by 
heart,  497,  498;  influence  of  alterations 
in  diameter  on,  498,  499;  general  doc- 
trine of,  500,  501;  effect  of  shock  on, 
501,  502;  rate  of  movement  in,  502. 

Carbolic  acid,  547  note. 

Carbonate  of  Lime,  uses  of,  in  the  body,  77. 

 •  Magnesia,  its  presence  in  the 

body,  86. 

Carbonic  Acid,  in  Blood,  159;  absorption  of, 
by  serum,  84;  by  red  corpuscles,  141  ; 
sources  of  production  of,  in  System,  508 — 
510  ;  its  exchange  for  oxygen  in  respira- 
tion, 530 — 532  ;  quantity  of,  generated, 
532 — 538;  extrication  of,  by  skin,  536, 
537 ;  elimination  of,  by  atmosphere  of 
nitrogen  or  hydrogen,  538,  539. 

Cartilage,  simple  cellular,  248,  249  ;  dupli- 
cation of  cells  of,  104;  nutrition  of,  250 — 
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252  ;  ulceration  and  reparation  of,  252; 
fibrous,  250. 
Casein,  chemical  composition  and  properties 
of,  25,  26. 

 of  human  milk,  peculiarities  of^  1063, 

1064. 

Catalepsy,  state  of,  1103;  rigidity  in,  860, 

Catamenial  flow,  see  Menstruation. 

Caiicasian  race,  1084  ;  colour  of,  1071. 

Cause,  proper  meaning  of  the  term,  3. 

Cell-Force,  manifestations  of,  107,  108,  112. 

Cells,  the  types  of  Organization,  355  ;  in- 
dependent life  of,  102,  355  ;  general 
history  of,  98— 116;  form  of,  98  ;  wall 
of,  99;  contents  of,  100;  nuclei  of,  101 ; 
multiplication  of,  by  duplication,  103, 
104;  endogenous  development  of,  104, 

105  ;  development  of,  in  blastema,  105, 

106  ;  evolution  of,  from  granules,  106. 
Vital  operations  of,  107  ;  changes  of  form 

of,  107 — 109;  movement  of  particles 
within,  108;  motility  of,  109,  110; 
ciliary  movement  of,  109  ;  development 
of  nerve-force  by,  110,  111;  reciprocity 
of  actions  of,  112,  113  ;  duration  of, 
113,  114;  influence  of  physical  and 
chemical  forces  on,  1 14 — 1 16. 

Cellular  tissues,  albuminous  composition  of, 
33,  89. 

Celtic  race,  1085. 

Cementum,  structure  of,  273,  274  ;  composi- 
tion of,  274;  development  of,  278. 
Cephalic  Ganglia  of  Invertebrata,  728. 
 Nerves,  general  character  and  rela- 
tions of,  716,  717. 
Cerebellum,  general  structure  and  relations  of, 
670,  671 ;  particular  account  of,  751 — 
763  ;  relative  development  of,  in  different 
animals,  751  —  753  ;   results  of  experi- 
ments on,  753,  754  ;  pathological  pheno- 
mena of,  754,  755  ;  its  instrumentality  in 
co-ordinating  movements,  751 — 755;  sup- 
posed by  some  to  be  seat  of  sensation,  755, 
756  ;  by  others  to  be  organ  of  sexual  in- 
stinct, 756  ;  facts  in  opposition  to  this 
view,  757 — 761  ;  probably  contains  centre 
of  sexual  sensation,  761,  762  ;  but  not 
the  seat  of  desires  and  emotions  prompted 
by  this,  762,  763. 
Cerebration,  unconscious,  811,  818 — 820. 
Cerebric  Acid,  45. 
Cerebro-spinal  fluid,  768. 
Cerebrum,  general  structure  and  physiological 
relations  of,  374,  670,  763,  865  ;  patho- 
logical relations  of,  866 — 869  ;  its  rela- 
tive inferiority  to  sensory  ganglia  in 
lower  animals,  728. 
Leading  features  of  its  structure,  764  — 
767;  comparative  weight  of,  in  different 
animals,  767,  768  ;  peculiarity  of  its 
circulation,  506  ;  immediate  dependence 
of  its  activity  on  supply  of  blood,  348. 
Its  functional  relation  to  Intelligence,  as 
contrasted  witii  Instinct,  769 — 776;  its 
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operations  excited  by  reception  of  Sen- 
sations, 776,  777  ;  but  not  themselves 
necessarily  attended  with  Consciousness 
777—77.9,  811,  818-820;  formation 
of  Ideas,  777,  778  ;  first  stage  consists 
in  Perception,  780—784;  connection  of 
Emotional  states  with  ideas,  784 — 793- 
uniformities  of  mental  action  exhibited 
by,  794,  795  ;  general  relation  of  its 
functional  changes  to  psychical  activity, 
795 — 799  ;  these  changes  conformable 
to  law  of  reflex  action,  799,  800,  847, 
865;  influence  of  the  Will  upon  their 
succession,  800,  816—818,823—825, 
840—844,  848—850  ;  growth  of,  in 
accordance  with  its  habitual  action,  802, 
809,  820,  841,  843. 
State  of,  in  Sleep,  850,  851 ;  cases  of  sus- 
pended activity  of,  871,  872;  develop- 
ment of,  1048,"  1049. 

Ceruminous  Glands,  234. 

Cha2todon  rostratus,  instinct  of,  784. 

Chemical  Forces,  operation  of,  in  the  living 
body,  92—95. 

Chiasma  of  Optic  nerves,  735 — 737. 

Childhood,  peculiar  attributes  of,  129,  130. 

Chimpanzee,  comparison  of,  with  Man,  9 — 
17. 

Chloride  of  Sodium,  a  constituent  of  the 
body,  81 ;  its  uses  in  the  economy,  81, 
82;  its  presence  in  the  urine,  624. 

Chlorosis,  state  of  blood  in,  169;  buffycoat 
in,  183. 

Choleic  Acid,  69. 

Cholepyrrhin,  70. 

Cholera,  influence  of  putrescent  Food  in  de- 
veloping, 389  ;  influence  of  imperfect 
Respiration  in  developing,  548—551  ; 
movements  after  death  from,  320. 

Cholesterin,  its  composition  and  properties, 
45. 

Cholic  Acid,  68. 
Choloidic  Acid,  68. 

Chondrin,  chemical  composition  and  proper- 
ties of,  37,  38. 

Chorda  dorsalis,  1028  ;  transformation  of, 
1044. 

 tympani,  participation  of,  in  sense  of 

taste,  739. 

Chordae  vocales,  959;  structure  of,  213; 
length  of,  952;  alterations  in  tension  of, 
by  muscular  action,  960—962  ;  compared 
with  vibrating  strings,  962,  963;  with 
flute-pipes,  963,  964  ;  with  reed  instru- 
ments, 964—966;  their  mode  of  vibration 
in  falsetto  voice,  967,  968. 

Chorea,  pathology  of,  791,  869. 

Chorion,  formation  of,  1008  ;  villi  of,  1010, 
1011. 

Chromatic  aberration,  909. 

Cliyle,  composition  and  properties  of,  455-- 
457  ;  corpuscles  of,  457  ;  absorption  ot, 
443,  444;  changes  effected  in,  durnig  pas- 
sage to  thoracic  duct,  457,  458  ;  milky 


INDEX  OP 

aspect  of,  due  to  fat,  43;  moleculiiv  base 
of,  456,  457. 
Chyme,  formation  of,  by  digestive  process, 

425—4-29. 
Ciliary  Ganglion,  708. 

 '—  Movement,  109,  224,  225. 

Cineritious  substance  of  brain,  334. 
Circulation,  general  plan  of,  384,  470 — 
472;  action  of  Heart  in,  472 — 487  (see 
Heart);  action  of  Arteries  in,  487  — 
494  {see  Arteries) ;  action  of  Capillaries 
in,  494 — 502  (see  Capillaries) ;  action  of 
Veins  in,  502 —  505 ;  (see  Veins). 
Peculiaritj^  of,  in  cranium,  506,  768,  769; 
in  erectile  tissues,  507. 

■  in  Foetus,  early  type  of,  1030 

—  1033;  changes  in  plan  of,  1033—1035; 
plan  of,  in  mature  foetus,  1035,  1036. 

 of  fluid  within  cells,  108. 

Cirrhosis  of  liver,  604. 

Civilization,  influence  of,  on  form  of  skull, 
1076,  1077  ;  on  body  in  general,  1078. 

Classification,  mental  tendency  to,  803. 

Clitoris,  development  of,  1043. 

Cloaca,  of  Hnman  embryo,  1041,  1042. 

Coagulable  lymph,  583  ;  see  Lymph. 

Coagulation  of  Albumen,  24. 

 of  Casein,  25,  26. 

■  '■         of  Fibrin,   30  ;  circumstances 

■    affecting  it,  31 ;  its  vital  nature,  32. 

  of  Blood,  175 — 186;  essentially 

dne  to  solidification  of  fibrin,  175;  an  act 
of  vitality,  176;  occasional  deficiency  of, 
176;  retardation  of,  176 — 178;  effect  of 
external  influences  on,  177 — 180  ;  influ- 
ence of  rest,  1 77  ;  influence  of  warmth, 
178  ;  effect  of  neutral  salts,  178  ;  non- 
effect  of  surroiuiding  atmosphere,  178;  in- 
fluence of  depressed  vitality  or  death  of 
vessels,  179 ;  influence  of  admixture  of  dead 
matter,  1 80 ;  vailing  proportions  of  serum 
and  clot,  181. 

Cochlea,  functions  of,  936. 

Cochlear  nerve,  distribution  of,  930. 

Cod,  brain  of,  670. 

Cod-liver  oil,  rationale  of  its  use,  44. 

Codrington,  Sir  E.,  case  of,  855. 

Coition,  act  of,  in  male,  993;  in  female,  999, 
1000. 

Cold,  influence  of,  on  muscular  tonicity,  325 ; 

power  of  enduring,  639  ;  production  of,  by 

cutaneous  exhalation,  652;  death  by,  643, 

644,  1101. 
Coldbath-fields  prison,  cholera  at,  551. 
Coleridge,  automatic  action  of  his  intellectual 

powers,  817  note. 
Colostrum,  1065. 

Colour,  variation  of,  in  Man,  1070 — 1072. 

Colouring  matters  of  Bile,  70,  71. 

 of  Urine,  65. 

 of  Red  Corpuscles,  influ- 
ence of  reagents  on,  IGl,  162. 

Colourless  Corpuscles,  see  Blood-Corpuscles, 
Colourless. 
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Colours,  complementar}',  926;  modifications 
in,  by  proximity,  927;  want  of  power  of 
discrimination  for,  927. 

Commissural  fibres  of  Cerebrum,  764—766. 

Commissure,  transverse,  of  Spinal  Cord,  685 
—687. 

Commissures,  case  of  deficiency  of,  767  note. 

Comparison,  mental  tendency  to,  803;  inten- 
tional exercise  of,  815,  816. 

Complemental  Nutrition,  196,  197. 

Complementary  Colours,  926. 

Compound  Association,  law  of,  805. 

Complexion,  variation  of,  in  Man,  1070 — 
1072. 

Conception,  act  of,  1015. 

Concussion  of  Brain,  313,  314. 

Conduct,  determination  of,  by  the  will,  842 ; 

influence  of  motives  on,  843,  844. 
Conduction  of  sounds,  931,  932. 
Conjugated  Acids,  60  note. 
Conjugation,  among  simple  cellular  Plants, 

986. 

Conscience,  nature  of,  845 — 847. 

Consciousness,  seat  of,  in  the  Sensory  Gan- 
glia, 729,  730;  probably  not  in  the  Cere- 
brum, 777—779;  perceptive,  780—784; 
emotional,  784—793;  intellectual,  793  — 
818. 

Consensual  Actions,  345,  373,  400  ;  per- 
formed by  instrumentality  of  Sensory 
Ganglia,  672,  740—743. 

Consonants,  articulation  of,  972 — 975. 

Constructive  Association,  law  of,  805. 

Contiguous  Association,  law  of,  801. 

Contractility  of  Muscle,  308  ;  see  Muscular 
Fibre. 

Contraction  of  Muscle,  state  of  fibres  in,  297 

— 299  ;  see  Muscular  Fibre. 
Contractions,  Muscular,  after  death,  320, 

321;  rhythmical,  311  note. 
Convergence  of  optic  axes,  922,  948. 
Convolutions  of  Brain,  764. 
Convulsive  diseases,  pathology  of,  877 — 881. 
Copper,  occasional  presence  of,  in  body,  87. 
Copulation,  act  of,  in  male,  993,  994  ;  in 

female,  999,  1000. 
Corium,  structiu'e  of,  230,  231 ;  nutrition  of, 

235. 

Cornea,  structure  of,  252,  253;  nutrition  of, 
253,  254. 

Corpora  Malpighiana  of  Spleen,  461  ;  of 
Kidney,  611 — 614  ;  uses  of,  615. 

  Olivaria,  702—706. 

  Pyramidalia,  702—706. 

  Quadrigemina,  726  ;  functions  of, 

730,  731. 

  Restiformia,  702—706. 

  Striata,  726,  727;  functions  of,  731 

 733 

  Wolfliana,  1040,  1041. 

Corpus  Callosum,  766;  deficiency  of,  767. 

 Dcntatum,  703. 

 Luteum,  structure  and  formation  of, 

1000—1003. 
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Corpuscles  of  Blood,  see  Blood-Corpuscles; 

of  Chyle,  457;  of  Lymph,  458. 
Corpuscular  Lymph,  504,  585. 
Correlation  of  Vital  and  Physical  Forces,  121 

— 126;  of  Nervous  and  Electrical  Forces, 

352 — 354;  of  Nervous  and  Mental  Forces, 

797—800. 

Cortical  substance,  of  Brain,  334 ;  of  Kidney, 
610,  611. 

Coughing,  act  of,  524,525. 

Cranio-spinal  Axis,  668,  669,  683. 

Cranium,  circulation  within,  506,  768. 

Crassamentum,  of  Blood,  136,  175;  propor- 
tion of,  to  Serum,  181. 

Creatine,  composition  and  properties  of,  61, 
62;  sources  of,  in  the  body,  62,  63;  its 
presence  in  the  Blood,  153  noie;  in  the 
Urine,  620. 

Creatinine,  composition  and  properties  of, 
61,  62;  sources  of,  in  the  body,  62,  63  ; 
its  presence  in  the  Blood,  153  note;  an 
important  component  of  Urine,  620. 

Croup-like  Convulsion,  880,  881. 

Croupous  exudation,  584. 

Crura  Cerebri,  effects  of  division  of,  733,  734. 

Crusta  petrosa,  structure  and  composition  of, 
273,  275;  development  of,  278. 

Crustacea,  decapodous,  independent  vitality 
of  their  spermatic  cells,  102. 

Crying,  act  of,  524. 

Cryptogamia,  generation  in,  986,  987. 

Crystalline  Lens,  structure  and  nutrition  of, 
254. 

Cutaneous  Asphyxia,  632,  655,  656. 

 Glandula;,  231—234,  629. 

 Transpiration,  629 — 632;  compo- 
sition of,  630;  quantity  of,  630,  631; 
excrementitious  nature  of,  631,  632. 

Cuticle,  see  Epidermis. 

Cutis,  structure  of,  230,  231 ;  nutrition  of, 
235. 

Cyclostome  Fishes,  chorda  dorsalis  of,  1044; 

sympathetic  system  of,  683. 
Cystine,  66,  67. 

Cysts,  piliferous  and  dentigerous,  569. 
Cytogenesis,  different  modes  of,  104 — 106. 


D. 


Deaf  and  dumb,  their  want  of  command 
over  muscles  of  vocalization,  744,  745 ; 
their  sign-language,  782  wofc. 

Death,  the  necessary  consummation  of  Life, 
113,  114,  1098;  different  modes  of,  1099 
— 1101;  somatic,  1099 — 1101;  molecular, 
1099- 1101;  apparent  and  real,  1102, 
1103;  signs  of,  1103,  1104. 

Decidua,  formation  of,  1008 — 1010. 

Decline  of  life,  130,  131. 

Decussation  of  Optic  Nerves,  737. 

Defecation,  act  of,  411,  412. 

Degeneration  of  tissues,  559,  560;  of  mus- 
cular substance,  564,  571;  increased  ten- 


dency to,  in  inflammation,  580,  581;  of 
lymph  and  its  products,  585,  586;  (see 
Fatty  Degeneration). 

Deglutition,  402—406. 

Deity,  notions  respecting,  813 — 815. 

Dental  groove,  279—284, 

Dentine,  structure  of,  270—272;  composi- 
tion of,  274;  development  of,  275,  276. 

Dentition,  first,  279 — 284  ;  second,  285, 
286. 

Desires,  formation  of,  dependent  on  ideas, 
762,  784. 

Development,  a  source  of  demand  for  nutri- 
tion, 558  ;  its  difference  from  growth, 
559;  arrest  of,  559, 1-034, 1043,  1047  note. 
Development  of  Embryo,  1023 — 1057;  gene- 
ral plan  of,  1023 — 1025;  earliest  sUiges 
of,  1025 — 1027;  segmentation  of  yolk, 
1025,  1026;  formation  of  blastodermic 
vesicle,  1027;  foundation  of  vertebral 
column,  1028;  development  of  amnion, 
1029,  1032;  vascular  area,  1029;  vitel- 
line vessels,  1030;  heart  and  arterial 
system,  1030,  1033—1036;  allantois, 
1031;  umbilical  vessels  and  placental 
villi,  1032;  venous  system,  1034,  1035; 
alimentary  canal,  1037;  liver,  1037, 
1038;  lungs,  1038—1040;  urinary  or- 
gans, 1040,  1041;  generative  apparatus, 
1041  —1044;  skeleton,  1044,  1045;- 
cranium,  1046,  1047;  nervous  centresj 
1047— 1049;  cephalic  nerves,  716, 717; 
eye,  1049;  ear,  1049,  1050;  spleen, 
463;  supra-renal  bodies,  464,  465;  thy- 
mus gland,  465,  466;  thyroid  gland, 
466. 

Influence  of  mother  on,  1050,  1051. 
General  progress  of,  1051 — 1056. 

Development  of  Tissues,  97 ;  fibrous,  1 1 7, 1 1 8, 
214,  215;  epithelium,  226;  glandular 
follicles,  228,  229;  sebaceous  glandute, 
233;  epidermis,  237;  nails,  239,  240; 
hair,  243—245;  fat-cells,  246;  cartilage, 
251;  bone,  261— 265;  dentine,  275, 276; 
enamel,  276,  277;  cementum,  278  ;  milk- 
teeth,  279—284;  permanent  teeth,  284 
—  286;  capillary  blood-vessels,  289—2.92; 
absorbents,  292 ;  muscular  fibres,  304— 
306;  nervous  tissue,  341. 

Deutencephalon,  1048. 

Diabetic  sugar,  48  note. 

Diaphragm,  movements  of,  516. 

Diarrhoea,  eliminative  agency  of,  440,  441. 

Dichrotous  pulse,  493. 

Diet,  animal  and  vegetable,  379—381;  in- 
fluence of,  on  composition  of  blood,  157, 
158;  of  urine,  619—622. 

Diet-scales,  385,  387. 

Dietetics,  general  principles  of,  381 — 384. 

Digestion,  general  nature  of,  362,  363. 
Gastric,  425—429;  a  process  of  chemical 
solution,  425  ;  influence  of  various  con- 
ditions on,  427, 429 ;  limited  to  azotized 
substances,  428. 
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lutestiual,  429—435;  influence  of  pan- 
creatic fluid  in,  430,  431;  influence  of 
bile  in,  432,  433;  influence  of  succus 
entericus  in,  431,  434,  435. 
1  Direction,  visual  appreciation  of,  916  ;  audi- 
tory appreciation  of,  939. 
IDiscus  proligerus,  994,  1000,  1007,  1008. 
IDisintegration  of  tissues,  continual  during 

life,  113,  358,  556,  559,  560,  563—565. 
I  Distance,  visual  appreciation  of,  923,  924; 

auditory  appreciation  of,  939. 
IDiui-etic  medicines,  influence  of,  627 — 629. 
IDiverging  Appendages  of  vertebrae,  1045. 
1  Divining-rod,  rationale  of,  955,  956. 
1  Dominant  ideas,  influence  of,  in  determining 
the  course  of  thought,  825,  827,  829,  842. 
IDouble  Monsters,  569,  985. 
IDraught,  in  mammarj- gland,  978. 
I  Dreaming,  phenomena  of,  831 — 833,  841. 
I  Dublin  Lying-in  Hospital,  high  rate  of  mor- 
tality in,  555. 
Ductless  Glands,  460;  see  Spleen,  Supra-Re- 

7ial,  Thymus,  and  Thyroid  bodies. 
!  Ductus  Arteriosus,  1034,  1036. 

 Cuvieri,  1034,  1035. 

 Venosus,  1033—1036. 

Duplicative  subdivision  of  Cells,  103,  104. 
Duration  of  Cell-life,  113,  114;  varying,  of 
diiferent  parts  of  the  fabric,  559,  560  ;  in- 
verse ratio  of,  to  vital  activity,  113. 
Duty,  idea  of,  844—847. 
Duvemey's  glands,  999. 
Dyslysin,  68. 


E. 

jEar,  general  action  of,  928,  929;  comparative 
structure  of,  929 — 933;  distribution  of 
auditory  nerve  in,  929,  930;  acoustic  prin- 
ciples of,  930—933;  uses  of,  middle,  933 
—935;  internal,  935,  936  ;  external,  937; 
development  of,  1049,  1050;  (see  Hear- 
ing). 

Earthy  Phosphates  in  Urine,  623,  624. 

Ectopia  Cordis,  case  of,  478. 

Efibrent  nerve-fibres,  675,  678. 

Egg-shell,  fibrous  tissue  of,  32. 

Eighth  Pair  of  Nerves,  see  Pneumogastric. 

Ejaculatio  Seminis,  993;  its  independence  of 
sensation,  718,  719,  721. 

Elastic  Fibrous  tissue,  211 — 213. 

Elasticity  of  Arteries,  491. 

Electricity,  relation  of,  to  nerve-force,  352 — 
354;  influence  of  currents  of,  on  muscles, 
31 0, 31 1 ;  on  rigor  mortis,  327  ;  on  move- 
ments of  heart,  474;  on  contraction  of 
arteries,  489;  connection  of,  with  nutri- 
tive and  secretory  operations,  655. 
Evolution  of,  in  living  body,  654,  655, 
662  ;  disturbance  of,  in  muscular  con- 
traction, 223,  657 — 659  ;  muscular  cur- 
rent of,  655 — 659  ;  nervous  current  of, 
659 — 662;  peculiar  cises  of,  662,663. 
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Electro-Biological  state,  826—828. 
Electro-tonic  state  of  nerves,  660,  661. 
Elliptical  skull,  1075,  1076. 
Embryo-ceU,  1 026. 

Embryo,  general  development  of,  at  different 
ages,  1051,  1052;  (see  Development  of 
Embryo). 

Embryonic  life,  peculiar  condition  of,  126, 
127. 

Emotions,  composite  nature  of,  784,  785; 
their  direct  action  on  the  automatic  appa- 
ratus, 786 — 788;  their  influence  on  the 
intellectual  processes,  788,  789;  their  ex- 
penditure in  bodily  change,  789,  790  ; 
their  perverted  action  in  hysteria,  790, 
791,  879,  880;  in  insanity,  789  note, 
836 — 839 ;  their  influence  on  volitional 
movements,  792,  793  ;  their  unconscious 
action,  8J9,  820;  influence  of,  on  stam- 
mering, 975;  on  heart's  action,  474. 

Emulsification  of  fat  in  duodenum,  431. 

Enamel,  structure  of,  273;  composition  of, 
274;  development  of,  276 — 278. 

Encysted  embryoes,  569. 

Epencephalon,  1028,  1047. 

Encephalon  of  Man,  its  proportion  to  Spinal 
Cord,  767;  supply  of  blood  to,  768;  (see 
Cerebrum,  Cerebellum,  and  Medulla  Ob- 
longata). 

Epidermis,  structure  of,  235 — 237;  develop- 
ment of,  237  ;  pigment-cells  in,  237 — 
239;  appendages  to,  239—246. 

.Epilepsy,  pathology  of,  875,  876;  artificial, 
induced  by  irritation  of  mesocephale,  734. 

Epithelium,  forms  of,  222—224;  ciliated, 
224— -226.;  renewal  of,  233. 

Erectile  tissues,  peculiar  structure  of,  507. 

Erect  vision,  916. 

Ethiopian  Nations,  1090—1094, 

European  Nations,  1084—1088. 

Euskarian  language,  1085,  1086. 

Eustachian  Tube,  uses  of,  934. 

 Valve,  uses  of,  1035. 

Exanthemata,  state  of  blood  in,  168,  580, 
581. 

Excito-motor  actions,  344,  373,  400,  696 — 
701. 

Excrementitious  substances,  52. 

Excretion,  general  nature  of,  365 — 367, 
589  ;  sources  of  demand  for,  365,  591, 
592;  statics  of,  590,591  ;  complementary 
relation  of  different  modes  of,  592;  vi- 
caiious  forms  of,  593,  594. 

Exhalation  from  Lungs,  540,  541;  from 
Skin,  see  Cutaneous  Transpiration. 

Exhausting  diseases,  death  by,  causes  of, 
645, 1100. 

Expectant  Attention,  production  of  move- 
ments by,  952 — 957;  production  of  or- 
ganic changes  by,  983,  984. 

Experiments  on  Nerves,  value  of,  679— 682. 

Expiratory  movements,  516;  force  required 
for,  5 17. 

External  Ear,  936,  937. 
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Externality,  elementary  notion  of,  780,  781, 
Extra-uterine  fcetation,  1004, 
Extractive  Matters  of  Blood,  153. 

 of  Urine,  64,  65,  620, 

622 . 

Exudations,  inflammatory,  583 — 586, 

Exuviation  of  effete  tissues,  563. 

Eye,  optical  structure  of,  909 — 912  ;  adap- 
tation of,  to  distances,  910;  defects  in  re- 
fractive power  of,  912;  nervous  organiza- 
tion of,  913,  914;  development  of,  1049; 
(see  Visio7i). 

Eyes,  convergence  of,  911,  922;  consenta- 
neous movements  of,  944 — 949. 


F. 

Facial  Angle  of  Man  and  Quadrumana,  15, 
 Nerve,  710  ;   its   connection  with 

sense  of  taste,  739. 
FiEces,  composition  of,  438 — 441;  expulsion 

of,  411,  412. 
Faith,  curative  powers  of,  984, 
Fakeers,  Indian,  simulated  death  of,  1102, 

1103. 

Fallopian  Tubes,  passage  of  spermatozoa 
through,  1000;  passage  of  ova  through, 
1004  ;  formation  of  chorion  in,  1008. 

False  Joints,  219. 

Falsetto  voice,  967—969, 

Faroe  Islanders,  food  of,  388,  389. 

Fat,  see  Adipose  Tissue, 

Fat-Cells,  246. 

Fats,  saponifiable,  41;  their  production  in 
the  body,  41,  42;  their  presence  in  its 
tissues  and  fluids,  43;  their  calorifying 
power,  44  ;  their  use  in  assimilation  and 
histogenesis,  44, 

  non-saponifiable,  44 — 46. 

Fatty  Components  of  the  Human  body,  39. 

 ■  Degenemtion,  42,  571  ;   of  uterus, 

after  parturition,  564,  1017  ;  of  biliary 
cells,  604,  605, 

  Matters  of  Blood,  153;  variations  in 

amount  of,  in  disease,  171,  172;  uses  of, 
192. 

Fecundation,  nature  of,  1004,  1005;  scat  of, 
1003,  1004, 

Female,  peculiarities  of  constitution  of,  1056, 
1057  ;  pulse  of,  485  ;  respiration  of,  533, 
534  ;  relative  viability  of,  1054,  1055; 
relative  height  and  weight  of,  1055,  1056  ; 
function  of,  in  generation,  see  Genera- 
tion. 

Fenestra  ovalis  and  rotimda,  935. 
Ferment,  of  saliva,  414;  of  gastric  fluid, 
428, 

Fermented  liquors,  influence  of,  on  the  sys- 
tem, 390—392. 

Ferments,  operation  of,  in  the  body,  23,  93, 
115,  173;  (see  Zymotic  Poisons), 

Fever,  state  of  blood  in,  167,  168;  mor- 
tality from,  552. 
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Fibre,  Muscular,  striated,  293—300;  non- 
striated,  300,  301 ;  (see  Muscular  Fibre). 

 -,  Nervous,  tubular,  331—332;  gd^ 

tinous,  332,  ' 

Fibres,  simple,  their  formation,  117,  118. 

Fibrillae  of  Muscle,  ultimate  structure  of 
395,  296,  ^ 

Fibrillation  of  Fibrin,  30;  circumstances  af- 
fecting it,  31. 

Fihrin,  distinctive  characters  of,  27;  che- 
mical composition  of,  28;  reduction  of,  to 
albuminous  condition,  29;  fibrillation  of 
30;  circumstances  affecting  it,  31  ;  vital 
nature  of  the  process,  32  ;  probable  use  oi^ 
in  the  economy,  33;  increase  of,  by  oxy- 
genation, 160, 

 of  Blood,  variations  of  in  disease, 

166—169;  its  share  in  producing  coagu- 
lation, 175;  its  uses,  184—186;  larger 
proportion  of,  in  arterial  blood,  159;  in- 
crease of,  in  passing  through  liver,  164, 

 of  Chyle,  455,  456;  increase  of,  in 

transit  towards  sanguiferous  system,  457, 
458. 

 of  Lymph,  455,  458, 

Fibro-Cartilage,  250, 

Fihro- Cellular  Membranes,  216,  217, 

Fibrous  tissues,  210;  white,  211;  yellow, 
212;  areolar,  213;  development  and  re- 
paration of,  214 — 216  ;  gelatinous  compo- 
sition of,  33,  89. 

Fibrous  Membranes,  structure  of,  211. 

Fifth  Pair  of  Nerves,  general  functions  of, 
706—708;  lingual  branch  of,  711,  712; 
its  action  in  mastication,  402  ;  influence 
of,  on  smell,  907, 

Fins,  race  of,  1088. 

Fishes,  brain  of,  670;  spinal  cord  of,  687, 
Flowering  Plants,  generation  in,  987. 
Fluids,  absorption  of,  from  stomach,  445, 
446;  from  intestinal  walls,  441 — 448; 
from  general  surface,  449—452;  by  lac- 
teals,  441 — 445  ;  by  lymphatics,  451, 
452;  by  blood-vessels,  444—448,  451, 
452, 

Fluoride  of  Calcium,  its  presence  in  the 
body,  79, 

Flute-pipes,  action  of,  963, 

Flying-fish,  spinal  cord  of,  687. 

Foetus,  circulation  in,  1030—1036;  deve- 
lopment of  organs  in  (see  Development  of 
Embryo);  general  condition  of,  at  different 
ages,  1051,  1052;  size  and  weight  of,  at 
birth,  1053, 

Follicles  of  Glands,  228—230;  of  Mucous 
membrane,  220,  228;  of  Licberkiihn,  228. 

Food,  classification  of  components  of,  375; 
saccharine  and  oleaginous  constituents  of, 
376,  381,  382;  albimiinous  constitiients 
376,  382;  gelatinous  constituents  ^^'^'''.'^ 
proportions  of  carbon  and  nitrogen  in  dif- 
ferent articles  of,  378,  379  ;  most  econo- 
mical combinations  of,  379,  380  j  relative 
value  of  animal  and  vegetable,  379—381  ; 
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general  conclusions  regarding  its  composi- 
tion, 381  —  384;  quantity  of,  needed  by 
Man,  384 — 387  ;  importance  of  purity  of, 
388,  389  ;  prehension  and  ingestion  of, 
400  ;  relative  digestibility  of  different 
kinds  of,  426,  427. 

'Force,  to  be  considered  as  an  expression  of 
Will,  5,  799,  814  ;  relation  of,  to  mental 
action,  797—800. 

 ,  Vital,  96;  its  manifestations,  121;  its 

relations  to  Physical  forces,  122,  126; 
variations  in  degree  of,  with  age,  126 — 
131. 

FForm,  mode  of  acquiring  a  knowledge  of,  by 
touch,  896  ;  by  sight,  915—921. 

tFormative  Power  of  individual  parts,  .556, 
561;  excess  of,  in  hypertrophy,  566 — 
569  ;  deficiency  of,  in  atrophy,  571,  572; 
manifestation  of,  in  reparative  process, 
572 — 579  ;  greater  energy  of,  in  lower 
animals  and  in  early  stage  of  higher,  127, 
129,  572,  573;  deficiency  of,  in  inflamma- 
tion, 579—581. 

FFornix,  766. 

FFourth  Pair  of  Nerves,  functions  of,  708. 
FFreckles,  238. 

[•'Free-will,  800;  belief  in  our  own,  812. 

FFrigorifying  process,  652. 

IFunctions,  Vital,  356;  Organic,  356,  357; 

Animal,  357,  358;  their  mutual  relations, 

358-360. 
FFungous  growths,  588. 

G. 

CGall-bladder,  contraction  of,  434. 

Ooanglia,  nervous,  structure  of,  329,  330. 

 Sensory,  see  Sensory  Ganglia. 

[Gangrene,  nature  of,  580  ;  spread  of,  586. 

Cijraols,  Indian,  high  rate  of  mortality  in,  554; 
English,  cholera  in,  548—551. 

fGases  of  Blood,  159. 

f  Gastric  Follicles,  416,  417. 

(Gastric  Juice,  composition  of,  418 — 420;  con- 
ditions of  its  secretion,  420 — 425  ;  uses  of 
in  digestion,  425 — 429;  amount  of,  se- 
creted, 428, 

'Gelatin,  see  Glutin. 

(Gelatinous  Compounds,  36. 

 nerve-fibres,  332. 

I  jelatin-sugar,  37. 

I  jeldings.  Cerebellum  of,  758,  759. 

f  jENERATioN,  general  nature  of,  368,  369, 
985 ;  mode  of  its  performance  in  Plants,  986 
— 988;  general  mode  of  its  performance  in 
Animals,  989;  essentially  consists  in  union 
of  contents  of  sperm-cell  and  germ-cell, 
986. 

Action  of  Male  in,  988 — 994;  structure 
of  testes,  988,  989  ;  characters  of  semi- 
nal fluid,  990;  nature  and  evolution  of 
Spermatozoa,  990 — 992;  essential  im- 
])ortance  of  Spermatozoa,  991,  992, 
1105;  share  of,  in  coition,  993. 


SUBJECTS.  1113 

Action  of  Female  in,  994—1023;  struc- 
ture of  ovum,  994  ;  evolution  of  ovum, 
995 ;  maturation  and  discharge  of  ovum, 
996;  period  of  puberty,  996,  997;  men- 
strual discharge,  997 — 999;  share  of, 
in  coition,  999,  1000;  expulsion  of  ova 
from  Graafian  vesicle,  1000;  formation 
of  corpus  luteum,  1000 — 1003;  dis- 
charge of  ova  independent  of  coitus, 
1003,  1004;  fecundation  of  oviim,  1004, 
1005;  changes  in  germinal  vesicle  and 
germinal  spot,  1005,  1006;  nature  of 
fecundating  process,  1005 — 1007;  form- 
ation of  chorion,  1007,  1008;  of  deci- 
dua,  1008  —  1010;  of  villi  of  chorion, 
1010,  1011;  of  placenta,  1011—1014; 
placental  murmur,  1014;  changes  in 
mammae,  101 5;  quickening,  1015,1016; 
parturition,  act  of,  1016,  1017;  period 
of,  1017—1022;  superfoetation,  1023; 
(see  Lactation). 

Embryonic  Development,  see  Development 
of  Embryo. 

Generative  Apparatus,  of  Male,  988,  989;  of 
Female,  994—996  ;  development  of,  1041 
— 1044;  see  Testes,  Ovaria,  and  Uterus. 

Germ-Cell,  of  Plants,  986,  987;  of  Man,  995. 

Germinal  Capacity,  of  embryo,  126,  127; 
progressive  reduction  of,  with  advance  of 
life,  128—131. 

 Membrane,  1027,  1028. 

 Vesicle  and  Spot,  995;  changes  in, 

at  maturation  of  ova,  1005,  1006. 

Gestation,  see  Pregnancy. 

Glands,  elementary  structure  of,  228 — 230. 

 of  Absorbent  System,  454,  455. 

 Vascular  or  Ductless,  460. 

Globules,  of  Blood,  see  Blood-Corpttscles. 

  of  Chyle,  457. 

Globulin,  chemical  composition  and  properties 
of,  27. 

Glosso- Pharyngeal  Nerve,  functions  of,  711; 

its  instrumentality  in  deglutition,  404,405; 

in  sense  of  taste,  711,  712, 
Glottis,  regulation  of  aperture  of,  961,  962. 
Glucose,  45,  46. 

Glutin,  chemical  composition  and  properties 
of,  36,  37;  uses  of,  in  the  body,  38;  pre- 
sence of,  in  bone,  259. 

Gluttony,  feats  of,  387. 

Glycerine,  41, 

Glycine,  37,  60,  69. 

Glycocholic  Acid,  69. 

Gough,  Mr.,  case  of,  899. 

Graafian  vesicle,  sec  Ovisac. 

Granulation,  process  of,  577 — 579. 

Granules,  development  of,  into  cells,  106, 

Grey  Fibres  of  Nervous  System,  332. 

 Matter  of  Nervous  System,  333,  334; 

distribution  of,  in  Spinal  Cord,  685 — 687; 
in  Cerebrum,  764,  765. 

Growth,  a  soiu-ce  of  demand  for  food,  55  7; 
excess  aud  deficiency  of,  557;  its  diirerence 
from  development,  558,  559. 
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Guanine,  59  9iote,  66. 

Guiding  Sensations,  necessity  of,  in  so-called 
'odylic'  movements,  954,  955;  essential 
to  voluntary  movements,  743 — 750. 

Gustative  Sense,  see  Taste. 

Gustatory  Ganglia,  726. 

 ■  Nerves,  711,  712,  738,  739. 

H. 

Habits,  influence  of,  in  determining  muscular 
movements,  722,  742;  in  determining  suc- 
cession of  thoughts,  794,  816,  843,  844;  in 
producing  access  of  sleep,  854;  in  termi- 
nating sleep,  854,  855;  in  modifying  in- 
tensity of  sensations,  885,  886. 

liachisch,  delirium  of,  832 — 834. 

Hairaadynaraometer,  485. 

Hamatin,  chemical  composition  and  proper- 
ties of,  34,  35. 

Hajmatococcus,  multiplication  of  cells  of,  103. 

Hsematoidin,  35. 

Htemorrhage,  influence  of,  on  composition  of 
Blood,  158. 

ILoimorrhagic  diathesis,  state  of  blood  in,  1 69. 

Hair,  structure  of,  240 — 243  ;  development 
of,  243— 246;  production  of,  in  cysts, 569; 
variation  of,  in  dilfercnt  races,  1072. 

Hallucinations  of  insanitj',  839,  840. 

Hamilton,  Dr.  11.,  case  of,  825,  826  note. 

Hand,  peculiar  to  Man,  9. 

Harmony  of  movements  of  eyeballs,  946. 

Haversian  Canals  of  Bone,  256 — 258. 

Healing  of  wounds,  574 — 579;  see  Repara- 
tion of  injuries. 

Ilearinti,  physical  conditions  of,  929 — 933. 
Organ  of,  essential  stincture  of,  929,  930  ; 
its  adaptation  to  laws  of  propagation  of 
sound,  931  —  933;  structure  and  func- 
tions of  menibrana  tympani,  933,934; 
uses  of  tympanic  cavity  and  Eustachian 
tube,  934,  935;  chain  of  bones,  and 
fenestra  ovalis,  935,  936  ;  labyrinth, 
936 ;  external  ear  and  meatus,  937 ; 
transmission  of  vibrations  through  bones 
of  head,  937. 
Sense  of,  937 — 940  ;  tones  produced  by 
succession  of  impulses,  937,  938  ;  esti- 
mate of  intensity,  direction,  and  dis- 
tance of  sounds,  938,  939;  rapidity  of 
perception  by,  compared  with  vision, 
939;  uses  of,  in  regulating  voice,  748, 
749,  940. 

Heari,  muscular  fibre  of,  30 1 ;  concentric 
hypertrophy  of,  328 ;  in-itability  of, 
472. 

Rhythmical  movements  of,  473  —477;  in- 
fluence of  Ner\'ous  sj-^stem  on,  474, 
475 ;  disturbance  of,  by  attention  to 
them,  953. 

Successive  actions  of,  477,  478  ;  course  of 
blood  through,  479;  diflference  of  two 
sides  of,  479,  480  ;  sounds  of,  480— 


482;  rate  of  propulsion  of  blood  by, 
483,  484  ;  force  of  propulsion  of,  484* 
485  ;   number  of  pulsations  of,  485* 
486.  ' 
First  development  of,  1030;  subsequent 
changes  in,  1033 — 1036. 
Heat,  Influence  of,  on  Vital  action,  123— 
125,  633,  634. 

■         Animal,  sources  of  its  production,  43 

52,  125,  126,  641—649  ;  standard  of,  in 
Man,  635  ;  in  infants,  635  ;  in  aged  sub- 
jects, 636;  diurnal  variation  of,  636  ;  de- 
velopment of,  in  muscular  contraction,323; 
increase  of,  by  exercise,  636  ;  in  inflam- 
mation, 582;  by  ingestion  of  food,  637; 
influence  of  external  temperature  on,  637; 
influence  of  disease  on,  637,  638 ;  libera- 
tion of,  after  death,  638,  639;  dependence 
of,  on  oxidation  of  hydrocarbon,  641  —  646; 
loss  of,  the  cause  of  death  by  starvation 
and  exhausting  diseases,  644,  645 ;  par- 
tial dependence  of,  on  cutaneous  respira- 
tion, 645,  646  ;  influence  of  nervous  sys- 
tem on,  647 — 649 ;  inferior  power  of 
generating,  in  infants,  649 — 652 ;  reduc- 
tion of,  by  evaporation  from  cutaneous 
surface,  652. 

  External,  power  of  enduring,  639 — 

641  ;  influence  of,  on  muscular  tonicitj', 
325  ;  on  temperature  of  body,  637  ;  effect 
of,  on  transpiration,  631. 

  Sexual,  of  lower  animals,  analogous  to 

menstruation,  997,  998. 
Height  at  different  ages,  1055,  1056. 
Hepatic  Artery,  distribution  of,  in  liver,  598, 
599. 

 Cells,  601,  602;  fatty  degeneration 

of,  604, 

 Ducts,  distribution  of,  in  liver,  599 — 

601. 

 Vein,  blood  of,  164,  165  ;  distribu- 
tion of,  in  liver,  597,  599. 

Hereditai-y  transmission  of  psychical  powers, 
848  ;  of  psychical  peculiarities,  1079. 

Hermaphrodism,  1043,  1044. 

Heterologous  growths,  588. 

Hiccup,  act  of,  524. 

Hindostan,  languages  and  people  of,  1089, 
1090. 

Hippuric  Acid,  composition  and  properties 
of,  59,  60  ;  sources  of  its  production  in  the 
living  body,  60,  61 ;  its  presence  inhuman 
urine,  620. 

Histogenetic  Compounds,  20,  89;  appropria- 
tion of,  by  the  tissues,  120,  131,  132. 

Homicidal  Insanity,  cases  of,  838  note,  839 
7iote. 

Hooping-Cough,  880. 
Horny  matter,  composition  of,  237. 
Horses,  Cerebellum  of,  758—760;  experi- 
ments on  spinal  cord  of,  690. 
Hottentot  race,  1093,  1094. 
Hull,  cholera  at,  551;  fever  at,  552. 
Humble-bee,  heat  evolved  by,  642. 
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;  lunger,  indicates  necessity  for  aliment,  362, 
38*2  ;  sources  of  sense  of,  392,  393. 

ilunting,  effects  of,  on  rigor  mortis,  328. 

Hybrid  races,  1006;  fertility  of,  1081. 

ilybridity  between  species,  limits  of,  1081. 

ilydrOchloric  acid,  its  presence  in  the  body, 
81;  the  principal  acid  of  gastric  juice,  418, 
419. 

Hydrogen,  elimination  of,  by  respiratory  pro- 

.  cess,  540,  541. 

 ,  respiration  of,  538. 

Hydrophobia,  pathology  of,  749,  878;  ex- 
citement of  its  paroxysm  by  sensations, 
741. 

Hypertrophy,  557,  566;  conditions  of,  566 
— 568;  shown  in  production  of  tumours, 
568;  in  supernumerary  parts,  568,  569; 
modification  of,  in  malignant  tumours, 
569. 

Hypnotism,  phenomena  of,  830,  831. 
Hypochondriasis,  state  of,  984. 
Hypoglossal  Nerve,  functions  of,  715,  716. 
tHypoxanthine,  59. 

IHysteria,  emotional  perversion  in,  790,  791 ; 

pathology  of,  878 — 880;  remarkable  case 

of,  879  note. 
{Hysterical  ischuria,  593. 


I. 

Ilago,  character  of,  849. 

i  Iceland,  high  rate  of  mortality  in,  554. 

ITdeas,  formation  of,  by  the  instrumentality 
of  the  Cerebrum,  777,  778;  sensational, 
811  ;  intellectual,  811. 

I  Ideational  consciousness,  779 ;  actions  prompt- 
ed by,  828,  866,  955. 

lldentification,  mental  tendency  to,  803. 

Ildeo-raotor  actions,  828,  866,  955. 

1  Idiocy,  predominance  of  instinct  in,  773; 
remarkable  cases  of,  360  nvie,  790  note, 
843  note;  causes  of,  848,  1006,  1007. 

1  Imagination,  faculty  of,  820. 

limitation,  tendency  to,  839  note. 

llmpressions  on  Nervous  Centres,  ordinary 
action  of,  671  ;  reflex  movements  excited 
by,  671,  672. 

llmpulsive  insanity,  838,  839. 

1  Inanition,  M.  Chossat's  experiments  on, 
395,  396,  643—645. 

Ilncontinence  of  Urine,  725,  726,  881. 

llndia,  languages  and  population  of,  1089, 
1090. 

I  Indo-European  race,  1085 — 1089. 

I  Induction,  mental  tendency  to,  803. 

!  Infancy,  peculiar  attributes  of,  127,  128. 

■  Infants,  temperature  of,  635;  imperfect  heat- 
producing  power  of,  649 — 652 ;  size  and 
weight  of,  1053  :  early  viability  of,  1021, 
1022  ;  relative  viability  of,  in  male  and 
female,  1054,  1055. 

(njl'imiuaf.ion,  essential  nature  of,  579 — 581 ; 
rclfitions  of,  to  hypertrophy  and  atrophy. 
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580;  causes  of,  580,  581  ;  phenomena  of, 
581 — 583;  state  of  the  blood  in,  166 — 
172,  583  ;  characteristic  effusions  in,  583 
— 586  ;  unhealthy  forms  of,  584  ;  effects 
of,  in  tubercular  subjects,  587. 

Ingestion  of  food,  400. 

Inorganic  Constituents  of  Blood,  154;  their 
uses,  193. 

Tnosic  Acid,  63. 

Inosite,  or  Muscle-Sugar,  48. 

Insalivation,  413 — 416. 

Insanity,  phenomena  of,  836 — 840;  from  in- 
tellectual perversion  or  deficiency,  836, 
837;  emotional  disorder,  or  moral  insanity, 
837,  838;  impulsive,  838,  839;  delusions 
of,  839,  840;  pathology  of,  776,  867, 
868. 

Insects,  heat  evolved  by,  642  ;  instinctive 
actions  of,  665,  666,  769 — 771. 

Inspiration,  causes  of  first,  520. 

Inspiratory  movements,  516  ;  force  required 
for,  517. 

Instinctive  actions,  665,  666;  relations  of,  to 
Intelligential,  769 — 771. 

Intellectual  operations,  801 — 821  ;  their 
subordination  to  the  Will,  821 — 824. 

Intelligence,  nature  of,  as  opposed  to  In- 
stinct, 771,  772;  degree  of,  conformable 
to  size  and  development  of  Cerebrum,  772 
—776. 

Interlobular  veins  of  liver,  599. 

Internal  senses,  nerves  of,  750,  778. 

Intestinal  Digestion,  see  Digestion. 

 Fluid,  430,  431,  434,  435. 

Intestines,  peristaltic  movements  of,  409 — 
411;  sfiiallt  passage  of  food  through,  429 
— 438;  large,  passage  of  food  through, 
438  ;  glandulte  of,  228—230,  434—438; 
secretions  of,  431—438;  villi  of,  227,  442 
—444. 

Intralobular  veins  of  liver,  599. 

Intuitive  Perceptions,  781 — 784. 

Invertebrata,  their  nervous  system,  automatic 
character  of,  665,  666. 

Iris,  movements  of,  see  Pupil. 

Iron,  a  constituent  of  the  human  body,  85; 
presence  of,  in  red  corpuscles,  140  ;  ad- 
ministration of,  in  chlorosis,  169. 

Irritability  of  Arteries,  488,  489. 

 of  Heart,  472;  see  Heart. 

  of  Muscles,  309;  see  Muscular 

Fibre. 


J. 

Jacob,  membrane  of,  913. 

Jaundice,  passage  of  biliary  colouring  matter 
into  the  tissues  and  secretions  in,  594, 
595;  different  forms  of,  607,  608. 

Jewish  Females,  period  of  conception  in, 
1004  note. 

 Nation,  1087;  varied  hues  of,  1071. 

Juice  of  Flesh,  61,  61,  63. 
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K. 

Kaffre  race,  1092,  1093. 

Kidney^  structure  of,  610— 615  ;  tubuli  uri- 
niferi  of,  610—613;  circulation  in,  613— 
615;  Corpora  Malpighiana  of,  611— 615; 
secreting  cells  of,  611;  development  of, 
1040,  1041 ;  elimination  of  water  by,  614, 
615;  secreting  action  of,  616— 627;  excre- 
tory function  of,  627 — 629;  (see  Urine). 

Kurrachee,  cholera  at,  549,  550. 

Kymographiou,  494. 


L. 

Labyrinth  of  Ear,  functions  of,  936. 
Lachrymal  secretion,  influence  of  nervous 

system  on,  97f. 
Lactation,  1061,  1065;  see  Mammary  Gland 

and  Milk. 

Lacteals,  origin  of,  in  villi,  442 — 444 ;  ab- 
sorption by,  445 — 448. 

Lactic  Acid,  its  composition  and  properties, 
49,  50;  its  presence  in  the  fluids  of  the 
body,  50,51;  its  origin  and  destination, 
51,  52  ;  its  occasional  presence  in  urine, 
620,  622. 

Lacunai  of  Bone,  257,  250;  formation  of, 
264,  265. 

Lamina  spiralis,  930. 

Laniinic  dorsales,  1028. 

Languages  of  different  races,  essential  con- 
formity in,  1083,  1084;  Indo-Germanic, 
1085;  Celtic,  1085;  Euskarian,  1085, 
1086;  Syro- Arabian,  1086,  1087,  1090, 
1091;  Mongolian,  1088;  Scriform,  1088; 
Tamuliiin,  1089;  Hindoo,  1089;  San- 
skritic,  1085,  1089;  Negro,  1091;  Kaifre, 
1092;  Hottentot,  1093;  Bushman,  1094; 
American,  1059,  1060;  Malayo-Polyne- 
sian,  1095,  1096;  Negrito,  1097. 

Landau,  eflects  of  siege  of,  1050. 

Lanugo  of  fffitus,  244. 

Lapps,  race  of,  1088. 

Laryngeal  nerves,  their  respective  actions, 
522,  523. 

Larynx,  structure  of,  958,  959  ;  actions  of, 
522,  523,  960 — 962;  their  instrumentality 
in  the  production  of  sounds,  962 — 966  ; 
theory  of  the  voice,  966,  967;  falsetto 
voice,  967,  968 ;  automatic  nature  of  move- 
ments of,  969  ;  their  dependence  on  guid- 
ing sensations,  744,  745,  940;  spasmodic 
closure  of,  881, 

Laughing,  act  of,  524. 

Law  of  Nature,  meaning  of  the  term,  1. 

Lead,  occasional  presence  of,  in  the  body,  87; 
toxic  action  of,  199. 

Length  of  Fostus  at  different  ages,  1051 — 
1053. 

Leucine,  derived  from  protein-compounds, 

22;  from  gelatin,  37. 
Leucocythsemia,  170. 


Life,  or  Vital  Activity,  dependent  on  ma- 
terial conditions  and  dynamical  agency, 
96,  97;  relation  of,  to  chemical  and  phy- 
sical forces,  93—95,  104—116,  120— 
]  26  ;  varying  duration  of,  in  individual 
parts,  see  Duration. 

Life  of  a  Cell,  history  of,  102- 114. 

 of  Man,  characters  of  principal  epochs 

of,  126—131. 

Ligaments,  structure  of,  211;  elastic,  213, 

i2V//<^,  Influence  of,  on  Vital  action,  123  ;  on 
pigment-cells,  238,  239. 

 Evolution  of,  in  human  subject,  653, 

654;  from  urine,  sweat,  and  semen,  654, 

Limbs,  nature  and  development  of,  1045 
1046. 

Jjime,  Carbonate  of,  its  uses  in  the  body,  77; 
proportion  of,  in  bone,  260,  261;  in  teeth, 
274. 

 Phosphate  of,  its  uses  in  the  body,  76; 

proportion  of,  in  bone,  260,  261:  in  teeth, 
274. 

Limits  of  vision,  914. 

Lingual  branch  of  Fifth  pair,  its  participa- 
tion in  sense  of  Taste,  708,  711,  712. 

Liquor  Sanguinis,  1 35. 

Liver,  structure  of,  595 —  605  ;  general  plan 
of,  in  lower  animals,  596  ;  in  man,  597  ; 
arrangement  of  blood-vessels  in,  597 — 
599;  biliary  ducts  in,  599  —  601;  se- 
creting cells  in,  601,  602,  604,  605; 
development  of,  1037,  1038;  alterations 
of,  in  disease,  602 — 605. 
Excretory  function  of,  605,  607,  609;  in 
foetus,  1035,  1038;  formation  of  bile 
by,  606— 6U9;  (see  Bile). 
Assimilating  action  of,  164,  165,  453, 
454,  609,  610;  production  of  fat  by, 
4],  90,  610  ;  of  sugar  by,  47,  48,  90, 
610;  of  fibrin  hy,  164,  165;  of  red- 
corpuscles  by,  147  n(jtc. 
Foetal,  depurating  action  of,  1035,  1038; 
development  of,  1037,  1038. 

Liver-sugar,  48. 

Locomotion,  movements  of,  automatic  cha- 
racter of,  721 — 723. 

Loss  of  Blood,  influence  of,  on  composition 
of  blood,  158. 

Luminosity  in  Human  subject,  653,  654.  ^ 

Lungs,  structure  of,  510 — 513;  contractility 
of  bronchial  tubes,  514;  elasticity  of, 
515;  force  required  for  their  distension, 
515;  changes  in,  from  section  of  pneumo- 
gastric  nerves,  525—527;  development  of, 
1038—1040, 

Lymph,  composition  and  properties  of,  455, 
456;  corpuscles  of,  458. 

 ,  coagulable,  31 ;  effusion  of,  in  inflam- 
mation, 583;  conservative  nature  of,  586  ; 
fibrinous  and  corpuscular  forms  of,  584, 
585  ;  degenerations  of,  585,  586. 

Lymphatics,  absorption  by,  448,  449,  452, 
453. 

Lymphatic  Glands,  structure  of,  454,  4o5. 
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M. 

Madder,  effect  of,  on  bones,  266,  267  ;  on 

,  teeth,  272. 
Magnesia,  Carbonate  of,  its  presence  in  the 
body,  86. 

 ,  Phosphate  of,  its  uses  in  the 

body,  78. 

Magnetism,  Animal,  see  Mesmerism. 

Magnetometer,  955  7iQte. 

Magyars,  1088;  assimilation  of,  to  Euro- 
peans, 1084,  1086. 

Maintenance,  a  form  of  nutrition,  561. 

Malayo-Polynesian  races,  1095 — 1098. 

Male,  rudimentary  uterus  in,  1042;  rudi- 
mentary mammary  gland  in,  1060;  lacta- 
tion by,  1061;  action  of,  in  generation, 
see  Generation. 

Malignant  growths,  569,  588. 

Malpighian  Bodies,  of  Kidney,  611 — 615; 
of  Spleen,  461,  462. 

Malting,  liberation  of  heat  in,  641. 

Mammalia,  spinal  cord  of,  688;  cerebellum 
of,  752;  cerebrum  of,  772,  773, 

Mammary  Gland,  structure  of,  1057  — 
1060;  functional  activity  of,  1061;  se- 
cretion of,  influence  of  mental  emotions 
on,  980 — 982;  of  expectant  attention  on, 
983;  (see 

Man,  distinctive  characteristics  of,  9;  hand 
of,  9;  cranium  of,  10,  14  :  position  of  face 
of,  11  ;  vertebral  column  of,  12;  lower 
extremities  of,  13;  facial  angle  of,  15; 
myology  of,  15  ;  visceral  apparatus  of, 
16;  brain  of,  16  ;  subordination  of  senses 
to  intelligence  of,  16;  peculiar  adapta- 
bility of,  17  ;  slow  growth  of,  17  ;  mental 
endowments  of,  17,  18;  articulate  speech 
of,  18;  capacity  for  progress  in,  18. 

— ,  General  Survey  of  Life  of,  126—131 ; 
embryonic  life  of,  126,  127;  childhood 
of,  127—129;  adult  age  of,  130;  decline 
of  life  in,  130,  131. 

— — ,  Varieties  of,  1069—1098  ;  see  Colour, 
Hair,  Languages,  Pelvis,  Races,  Skull, 
and  Varieties. 

Mania,  phenomena  of,  835,  8.36. 

Mara,  Mad.,  range  of  voice  of,  952  note. 

Mares,  Cerebellum  of,  758,  759. 

Margaric  Acid,  40. 

Margarin,  39. 

Mastication,  401,  402. 

Materialist  doctrine,  its  truths  and  its  errors, 
795—797. 

Matter  and  Mind,  their  differences  and  re- 
lations, 795—800. 

Mauchamp  breed  of  sheep,  1079  note. 

Meatus  auditorius,  936,  937. 

Meconium,  composition  of,  605,  606. 

Medulla  Oblongata,  general  structure  and 
relations  of,  668,  669;  particular  account 
of,  701 — 706;  the  centre  of  nerves  of 
respiration  and  deglutition,  669,  703, 
718;  (see  Spinal  Axis). 
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Medulla  Spinalis,  see  Sjiinal  Cord. 

Membrana  Granulosa,  994,  1000, 

 Tympani,  structure  and  functions 

of,  933,  934. 

Mem()ranc,  simple  primary,  118,119;  se- 
rous, 217  —  219;  synovial,  217—219; 
mucous,  219 — 222;  fibrous,  211;  deve- 
lopment of  bone  in,  261,  262,  266. 

Memory, connection  of,  with  Association,802; 
nature  of,  807  ;  persistence  of,  808;  dislo- 
cation of,  809;  (see  Recollection). 

Menstruation,  period  of,  996,  997;  nature  of, 
997—999;  persistence  of,  998,  999. 

Mental  action,  its  relation  to  Nervous  action, 
795—800, 

Mesencephalon,  1028,  1047. 

Mesmerism,  examination  of  reputed  pheno- 
mena of,  859 — 861  note;  coma,  859; 
somnambulism,  830,  859  ;  exaltation  of 
senses,  860  ;  cataleptic  rigidity  of  muscles, 
860  ;  involuntary  movements  in,  957 ; 
affection  of  organic  functions,  860,  984  ; 
excitement  of  phrenological  organs,  861; 
clairvoyance,  861 ;  nature  of  mesmeric 
agency,  861. 

Mesocephale,  effects  of  division  of,  733,734  ; 
effects  of  electric  irritation  of,  734. 

Metamorphosis,  retrograde,  of  tissues,  90,  91. 

Metastasis  of  secretion,  592 — 595. 

Milk,  secretory  apparatus  of,  1057 — 1060  ; 
supply  of,  1061;  constituents  of,  1062 
— 1064;  variation  in  their  proportions, 
1064,  1065;  influence  of  mental  states 
upon,  978,  980 — 982  ;  varieties  of,  in  dif- 
ferent animals,  1066,  1067;  re-absorption 
of,  1067  ;  vicarious  secretion  of,  1067; 
amount  of,  1068;  passage  of  medicines, 
&c.,  into,  1068,  1069, 

  sugar  of,  1064. 

Milk-teeth,  development  of,  279—283  ;  or- 
der of,  284  ;  exuviation  of,  285,  286, 

Milky  Serum  of  blood,  43. 

Milbank  Penitentiary,  scurvy  at,  397,  398  ; 
cholera  at,  548. 

Mind  and  Matter,  their  differences  and  rela- 
tions, 795—800. 

Mitchell,  James,  case  of,  907. 

Model  Lodging-houses,  low  mortality  in,  552. 

Modelling-process,  575 — 577. 

Molecular  base  of  chyle,  456, 

 Death,  1099—1101. 

Mongolian  races,  1087,  1088. 

Monomania,  phenomena  of,  839. 

Monotony,  influence  of,  in  producing  sleep, 
852,  861  7iote. 

Monstrosities  by  excess,  568,  569  ;  by  inclu- 
sion, 569  ;  by  arrest  of  development,  559, 
1034,  1035,  1043,  1047  note. 

Moral  insanity,  837,  838. 

Morbid  poisons,  201—208. 

Mother,  influence  of  state  of,  on  development 
of  fretus,  1006,  1007,  1050,  1051  ;  on 
mammary  secretion,  980 — 982, 

Motility,  an  attribute  of  Cells,  109,  110; 
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spontaneous,  of  muscles,  31 1  note ;  of 
heart,  475—477;  of  uterus,  1016  — 
1018. 

Motive    Powers   to   Human  action,  843, 
844. 

Motor  Linguae,  715,  716. 
Motor  Nerves,  laws  of  transmission  through, 
677,  678. 

 of  Orbit,  708,  709,  717. 

Motor  Tract  of  Medulla  Oblongata,  705. 

Movements,  Ciliary,  see  1 09,  224,  225. 

 Muscular,  nature  of,  109,  110; 

relation  of,  to  organism  at  large,  940,941 ; 
voluntary  and  involuntary,  94 1 ,  942 ; 
combinfition  of,  942;  sjnumetry  and  har- 
mony of,  943,  944  ;  of  eye,  944—949  ; 
energy  and  rapidity  of,  950 — 952;  influ- 
ence of  expectant  attention  on,  952 — 956 ; 
(see  Musculai'  Fibre). 

Mozart,  automatic  action  of  his  creative 
powers,  8]  7  7wtc. 

Mucous  follicles,  220. 

  layer  of  germinal  membrane,  1027. 

Mucous  Membra?ie.i,  structure  of,  219,  220  ; 

secretion  of,  221;  general  functions  of, 

221  222. 
Mucus'  221. 

Multiplication  of  Cells,  103—106. 
Murexide,  57. 
Muscle-Sugar,  48. 

Muscular  Contraction,  different  modes  of, 
309 — 312;  spontaneous,  311  note;  .after 
death,  321;  force  of,  321,  322;  heat 
evolved  in,  330 ;  electrical  disturbance 
produced  by,  323,  655 — 659;  (see  Move- 
meiits.  Muscular). 
Muscular  Current  of  electricity,  655 — 659. 
Muscular  Fibre,  composition  of,  25,  29,  302; 
structure  of,  292— 301  ;  striated,  293— 
300  ;  non-striated,  300,  301 ;  supply  of 
vessels  and  nerves  to,  303,  304;  deve- 
lopment of,  305,  306  ;  nutrition  of,  306, 
307;  disintegration  of,  306—308;  ef- 
fects of  disuse  of,  306,  307. 
Vital  endowments  of,  308 — 328 ;  Irrita- 
bility of,  309 — 312  ;  its  gradual  depar- 
ture after  death,  312;  its  diminution  by 
sedatives,  313;  influence  of  shock  on, 
313,314;  dependence  of,  upon  arterial 
blood,  315,  316;  their  independence  of 
nervous   system,  317 — 319;  peculiar 
post-mortem  manifestations  of,  320,  321 ; 
Tonicity  of,  324,  325  ;  rigor  mortis  of, 
326 — 328;  influence  of  electricity  upon, 
327;  spontaneous  motility  of,  475 — 
477. 

Muscular  Sense,  importance  of,  in  voluntary 
movements,  743 — 746;  extraordinary  ex- 
altation of,  in  somnambulism,  &c.,  746 ; 
suggestion  of  ideas  by,  830,  831. 

•   Tension,  influence  of  spinal  cord 

on,  723. 

Myopia,  912. 


N, 


Nails,  structure  of,  239;  rate  of  growth  of 

239,  240. 
Necraemia,  death  by,  1101, 
Negritoes,  or  Pelagian  Negroes,  1096,  1097. 
Negro  races,  coloiu- of,  1071,  1072;  hair  of, 
1072;  skull  of,  1073,  1074  ;  pelvis  of, 
1077;  modification  of,  1076;  geographical 
range,  and  varieties  of,  1090—1092. 
Nerve-Force,  generation  of,  by  cells,  110, 
111;  transmission  of,  344 — 346,  676— 
678;  its  relations  to  physical  forces,  346, 
347;  to  electricity,  353,  354;  to  animal 
heat,  648,  649;  to  mental  activity,  795— 
800;  (see  Nervous  Tissue). 
Nerve- Tmnks,  structure  of,  330 — 332;  plex- 
uses formed  by,  675,  676;  central  ter- 
minations of,  334,  335 ;  peripheral  ter- 
minations of,  303,  304,  335  —  337; 
(see  Ei/e,  Ear,  Papillae,  &c.) 
Endowments  of,  344,  674—682  ;  afferent 
and  efferent,  674,  675  ;  use  of  plexuses 
of,  675,  676;  laws  of  transmission  in, 
676 — 678;  modes  of  determining  their 
functions,   678—682  ;   by  peripheral 
distribution,  678,  679;  by  central  con- 
nections,  679,  680;   by  experiment, 
680—682. 

Nervous  Centres,  structure  of,  333,  334;  con- 
nection of,  with  nerve-trunks,  334, 335  ; 
functional  relations  of, to  system  in  gene- 
ral, 343 — 345  ;  principal  organs  of,  in 
Man,  668  ;  Cranio-Spinal  axis,  668, 
669;  Spinal  Cord,  668  ;  Medulla  Ob- 
longata, 668,  669  ;    Sensory  Ganglia, 
669  ;  Cerebrum,  670;  Cerebellum,  670, 
671 ;  general  course  of  action  of,  671 — 
674  ;  reflex  operations  of  the  several 
parts,    671 — 673;    subordination  of 
these  to  the  Will,  673,  674. 
Development  of,  1028,  1047—1049. 
See  Spi?ial  Cord,  Medulla  Oblongata,  Sen- 
sory Ganglia,  Cerebellum,  Cerebrum,  and 
Syinpatlietic. 
Nervous  Current  of  electricity,  659 — 662. 
Nervous  System,  general  structure  and 
endowments  of,  329  (see  Nervous  Tis- 
sue); general  functions  of,  370,  371  ; 
internuncial  character  of,  344;  connec- 
tion of,  with  organs  of  sense,  371,  372; 
principal  divisions  of,  373,  374. 
General  arrangement  of,  663 — 665;  auto- 
matic character  of,  in  Invertebrata,  665, 
666  ;  distinguished,  in  Vertebrata,  by 
Cerebrum,  and  ministering  to  Intelli- 
gence, 667 ;   subservience  of  general 
organism  to,  667. 
Influence  of,  on  Animal  Heat,  646  — 
649;  on  Organic  Functions,  976 — 985; 
shown  in  effects  of  Emotion  on  Secre- 
tions, 977— 982  ;  influence  of,  on  Nu- 
trition, 982,  983;  marked  effect  of  ex- 
pectant attention,  983 — 985. 
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N<'n-o?is  Tissue,  Structure  of,  329—337; 
fibrous,  330—33-2;  vesicular,  333,  334; 
connection  of  cells  and  fibres,  334,  335; 
peripheral  terminations  of  nerve-fibres, 
335 — 337  ;  composition  of,  338  ;  vascu- 
lar suppl}'  of,  338,  339  ;  nutrition  of,  340; 
effects  of  disuse  on,  340,  341  ;  develop- 
ment of,  341  ;  disintegration  of,  350 — 
352  ;  regeneration  of,  342,  343. 

■  ,  Functions  of,  343—354; 

transmitting  power  of  nerve-trunks,  344  ; 
psychical  relations  of  centres,  344,  345  ; 
relations  of  nerve-force  to  other  vital 
forces,  345,  346;  to  physical  forces,  346, 
347;  to  electricitj',  353,  354;  to  mental 
force,  797 — 800;  conditions  of  its  develop- 
ment, 348 — 352;  necessity  for  oxygenated 
blood,  348;  influence  of  contaminated 
blood  on,  349;  disintegration  resulting 
from  its  activity,  350 — 352. 

Nimes,  prison  at,  398. 

Nitric  acid  of  urine,  624. 

Nitrogen,  proportion  of,  in  different  articles 
of  food,  378  ;  changes  of,  in  respiration, 
539,  540;  respii-ation  in,  538,  539. 

Nomadic  races,  peculiarities  of,  1074,  1076. 

Nuclear  fibres,  215. 

Nucleated  blastema,  organization  of,  118, 
205,  275. 

Nuclei,  of  cells,  101;  their  subdivision,  103 
-—105;  free,  117;  their  development  into 
nuclear  fibres,  215. 

Nutrition,  general  nature  of,  364,  365, 
556,  557;  dependent  on  pabulum  in  blood, 
120,  196;  sources  of  demand  for,  557 — 
561 ;  condition  of  its  performance,  561 — 
565;  interstitial  and  superficial,  563;  va- 
rjang  activity  of,  565  —  572  ;  peculiar 
phases  of,  in  reparation  of  injuries,  574 — 
579;  abnormal  forms  of,  579 — 588;  in- 
flammation and  its  results,  579 — 586  ; 
tubercular  formations,  586 — 588  ;  ma- 
lignant growths,  588;  influence  of  nervous 
system  on,  345,  346,  365,  982—985. 


0. 

Oblique  muscles  of  eye-ball,  function  of,  945, 
946, 

Oceanic  races,  1095 — 1098. 

Odoriferous  glandulas,  231,  232. 

Odorous  matter  in  blood,  153. 

Odours,  sensibility  to,  905. 

Odylic  movements,  rationale  of,  954 — 956. 

CEsophagus,  action  of,  in  deglutition,  405;  in 

vomiting,  406. 
Oleoffinous  Compounds,  39. 
Oleic  Acid,  40. 
Olein,  39. 

Oleo-phosphoric  acid,  45. 
Olfactory  Ganglia,  726. 

 ■          Nerve,  endowments  of,  734, 735; 

distribution  of,  905,  906. 
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Olivary  Bodies,  702—706. 
 Ganglia,  703. 

Omphalo-mesenteric  vessels,  1030,  1032, 
1035. 

Ophthalmic  ganglion,  708. 
Optic   Ganglia,   726 ;   functions   of,  730, 
731. 

 Nerves,  peculiar  arrangement  of,  737, 

738;  endowments  of,  735 — 737;  distribu- 
tion of,  913;  deficient  sensibility  at  en- 
trance of,  927,  928. 

 Thalami,  726—728;  functions  of,  731 

—734. 

Orang  Outan,  comparison  of,  with  Man,  9 
—17. 

Orbicularis  muscle,  reflex  action  of,  719, 
737. 

Orbit,  motor  nerves  of,  708,  709. 
Order  of  Nature,  1,  2;  belief  in,  812. 
Organic  Functions,  356,  357;  their  relations 

to  the  Animal,  358—360, 
Organization,  its  relation  to  Life,  96,  97. 
Oscillations  produced  by  expectant  attention, 

954, 

Osseous  Tissue,  see  Bo7ie. 

Ossification,  intra-membranous,  261,  262; 
intra-cartilaginous,  262 — 264  ;  in  osseous 
tumours,  267. 

Outness,  elementary  notion  of,  780,  781. 

Oval  skull,  1075,  1076. 

Ovarium,  human,  structure  of,  994;  develop- 
ment of,  1041,  1042;  evolution  of  ovisacs 
within,  996;  discharge  of  ova  from,  1000 
—10.04. 

Over-crowding,  a  powerful  predisposing  cause 

of  zymotic  disease,  548. 
Ovisac,  structure  and  functions  of,  994 — 

996  ;  formation  of  corpus  luteum  within, 

1000—1004. 
Omm,  structure  of,  994,  995  ;  evolution  of, 

995,  996  ;  maturation  and  discharge  of, 

1000-1004;  fecundation  of,  1004,  1005; 

first  changes  in,  1005,  1006;  subsequent 

changes  in,  see  Development  of  Embryo. 
Oxalic  acid  of  urine,  624. 
Oxygen,  respiration  of,  543  ;  influence  of,  on 

production  of  fibrin,  160. 


P. 

Pacinian  corpuscles,  336,  337. 

Pancreatic  fluid,  composition  of,  430;  uses  of, 

in  digestion,  431;  amoimt  of,  secreted, 

432. 

Pantheism,  813—815. 

Papilla),  dental,  275;  development  of,  in 

foetus,  279—282. 
  of    Mucous  Membranes,  226;  of 

Skin,  231,  894,  895;  of  Tongue,  902,  903. 
Papuans,  1096. 

Par  Vagum,  see  Pneumoyaslric, 
Paralysis,  pathology  of,  875,  881  ;  peculiar 
cases  of,  698—700. 
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Paraplegia,  pathology  of,  693,  881;  peculiar 
cases  of,  698—700. 

Parents,  influence  of  state  of,  on  offspring, 
1006, 1007. 

Parturition,  act  of,  1016,  1017  ;  regular 
period  and  causes  of,  1017 — 1019;  re- 
tarded, 1019—1021;  premature,  1021, 
1022. 

Passion,  influence  of,  on  secretion  of  milk, 
980,  981. 

Pathologj',  relation  of,  to  Physiology,  6. 
Pelagian-Negro  races,  1096. 
Pelvis,  variations  in  form  of,  1077. 
Penis,  erectile  tissue  of,  507  ;  function  of,  in 

coition,  993;  development  of,  1043. 
Pepsin,  442. 
Peptones,  428. 

Perception,  nature  of,  780 — 784. 

Perceptions,  visual,  915,  916. 

Periodical  phenomena,  relation  of,  to  Heat, 

634,  1017. 
Periodicity  of  sleep,  851. 
Peristaltic  Movements  of  intestines,  310, 

410;  influence  of  sympathetic  nerve  on, 

410,  411;  influence  of  mental  states  on, 

953. 

Persistence  of  sensory  impressions,  gustative, 
905;  olfactive,  908;  visual,  925,  926; 
auditory. 

Personal  Identity,  consciousness  of,  812. 
Perspiration,  see  Cutaneous  Transpiration. 
Peyer's  Glands,  229,  436,  437. 
Pharynx,  action  of,  in  deglutition,  402 — 406. 
Phosphate  of  Lime,  uses  of,  in  the  body,  76  ; 

its  importance  in  bones,  260,  261  ;  in 

teeth,  274. 

 of  Magnesia,  uses  of,  in  the  body, 

78. 

Phosphates,  alkaline,  in  Urine,  351. 

Pliosphorescence,  cases  of,  in  human  subject, 
541,653,  654. 

Phosphorized  Fats,  45;  their  presence  in  red 
corpuscles  of  Ijlood,  140 ;  in  nervous 
tissue,  338. 

Phosphorus,  a  constituent  of  albumen,  24, 
25;  of  fats  of  brain,  45,  46;  its  oxidation 
in  the  body,  351,  623;  its  elimination 
from  lungs  as  luminous  vapour,  54],  653, 
654;  its  presence  in  the  urine,  sweat,  and 
semen,  65,  653,  654. 

Phosphorus-extractive  of  Urine,  65. 

Photophobia,  737. 

Phrenological  doctrine,  of  Cerebellum,  754 
note,  756—762  ;  of  Cerebrum,  772,  806. 

Phthisis,  state  of  blood  in,  1 67. 

Physical  Forces,  correlation  of,  1 22  ;  their 
relations  to  Vital,  114—116,  122—124. 

Physiology,  object  of  the  Science,  1  ;  rela- 
tion of,  to  Pathology,  6. 

Pigment-cells,  237,  238  ;  influence  of  light 
on,  238,  239;  variations  of,  in  different 
races,  1070. 

Pigmentum  nigrum,  238. 

Pigmentary  matter  of  Urine,  621. 


Pitch  of  voice,  regulation  of,  961. 

Pituitary  membrane,  distribution  of  nerves 
in,  905,  906. 

Placenta,  formation  of  maternal  portion  of, 
1011 — 1014;  formation  of  foetal  portion 
of,  1032. 

Placental  sound,  1014. 

Plexuses,  nervous,  uses  of,  675,  676. 

Plica  Polonica,  alteration  of  hair  in,  243. 

Pneumogaslric  Nerve,  general  distribution 
and  endowments  of,  712 — 714;  its  in- 
strumentality in  deglutition,  404,  405; 
its  influence  on  secretion  of  gastric  fluid, 
423—425;  on  movements  of  stomach, 
407  ;  on  movements  of  heart,  474  ;  its 
action  as  an  excitor  of  respiration,  519; 
its  motor  powers,  521  —  523;  effects  of 
section  of,  525 — 527;  influence  of,  on 
larynx,  713,  715, 

Poisons,  influence  of,  on  the  living  body,  115; 
elimination  of,  from  the  blood,  199 — 201; 
influence  of,  on  the  Nervous  System,  see 
Toxic  Influence. 

  morbid,  their  substantive  existence, 

201,  202;  zymotic,  conditions  of  their 
activity,  202,  203;  course  of  phenomena 
in,  206;  alteration  of  blood  b}^,  207;  reco- 
very of  blood  from,  207,  208;  maieries 
morhorum  generated  within  the  system, 
204,  205. 

Polynesian  races,  1095—1098. 

Pons  Tarini,  766. 

 Varolii,  eft'ects  of  division  of,  733,  734. 

Portal  blood,  peculiarities  of,  162,  163.  . 
Portio  Dura  of  Seventh  Pair,  710;  (see 

Facial  Nerve). 
Posterior  Columns  of  Spinal  Cord,  structure 

of,  684—686;  functions  of,  693—696. 
  Pyramids  of  Medulla  Oblongata, 

703—706. 

Potash,  its  presence  in  the  body,  85;  its 
predominance  in  red-corpuscles  and  in 
muscle,  140. 

Potteries  (Kensington),  mortality  at,  552. 

Pregnancj'^,  state  of  blood  in,  1 67 ;  signs  of, 
1015;  usual  terra  of,  1017-1019;  pro- 
tracted, 1019— 1 021 ;  abbreviated,  1021, 
1022. 

Presbyopia,  912. 

Pressxu:e  of  blood,  in  heart,  485;  in  arteries, 
494. 

Primitive  trace,  1028. 

Prognathous  skull,  1073,  1074. 

Projection,  idea  of,  781,  919—921. 

Prosencephalon,  1028,  1048. 

Protective  agency  of  Spinal  Cord,  719,720. 

Protein- Compounds,  general  properties  and 

reactions  of,  21,  22. 
Protein,  binoxide  and  tritoxide  of,  33,  34. 
Psychical  endowments   of  different  races, 

essential  conformity  in,  1081 — 1083. 
Ptyalin,  414. 

Puberty,  usual  epoch  of,  in  female,  996,  997; 
in  male,  992. 
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Puerperal  fever,  predisposing  causes  of,  203. 

Pulp,  dentinal,  275;  enamel,  276,  277; 
cemental,  278. 

Pulsations  of  Heart,  causes  of,  473 — 477. 

Pulse,  Arterial,  492,  493  ;  rate  of,  at  diffe- 
rent ages,  485  ;  variations  of,  under  diffe- 
rent circumstances,  485—487;  proportion 
of,  to  respiratory  movements,  518. 

 Respiratory,  503,  504. 

 Venous,  480. 

Pupil,  movements  of,  720,  736,  91],  914, 
915;  relation  of,  to  Third  pair,  708  note, 
709;  to  Sympathetic,  863,  864. 

Purkinje,  experiment  of,  928. 

Purpuric  acid,  57. 

Purpurine,  65. 

Pus,  formation  and  characters  of,  585,  586  ; 
influence  of,  on  coagulation  of  Blood, 
180. 

Putrefaction,  the  result  of  chemical  agencies, 
114;  may  take  place  even  during  life,  397, 
1099;  evolution  of  light  in,  653;  final  de- 
struction of  body  by,  1104. 

Pyin,  34. 

Pyramidal  bodies  of  Medulla  Oblongata,  702 
— 706  ;  anterior,  their  structure  and  con- 
nexions, 702,  705,  706;  posterior,  their 
structure  and  connections,  703 — 706. 

  skull,  1074,1075. 


Q. 

Quadrumana,  comparison  of,  with  Man,  9 — 
17. 

Quagga,  transmission  of  marks  of,  1007. 
Quickening,  1015,  1016. 


R. 

Races  of  Mankind,  Caucasian,  1084 — 1089; 
Arian  or  Indo-European,  1085,  1086 ; 
Syro-Arabian,  1086,  1087;  Mongolian, 
1087,  1088  ;  Seriform,  1088,  1089; 
Hindostanic,  1089,  1090;  Negro,  1090— 
1092;  Kaffre,  1092;  Bushman,  1093, 
1094;  American,  1094,  1095;  Oceanic, 
1095;  Malayo-Polynesian,  1095,  1096  ; 
Pelagian-Negro,  1096,  1097. 

Radiating  fibres  of  Cerebrum,  764,  765. 

Radiation  of  Sensations,  890. 

Rapidity  of  muscular  movements,  951,  952. 

Rattle-snake,  secretion  of  poison  of,  continued 
after  death,  977. 

Reasoning  Power,  nature  of,  806. 

Reciprocation  of  sounds,  930  —  932. 

Reciprocity  of  manifestations  of  Cell-force, 
112. 

Recollection,  power  of,  dependent  on  Asso- 
ciation, 802 ;  mode  in  which  it  is  exerted, 
809—811. 

Recti  muscles  of  eye-ball,  function  of,  945. 
Red  Corpuscles,  sec  Blood-Corpuscles,  Red. 
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Reeds,  vibrating,  action  of,  964 — 966. 

Refraction,  laws  of,  908,  909. 

RejUx  actions  of  Nervous  System,  344  ;  of 
Spinal  Axis,  696—701,  717—723;  of 
Sensory  Ganglia,  740 — 743  ;  of  Cerebrum, 
799,  800,  847,  865. 

Regeneration  of  Tissues; — of  fibrous  tissues, 
215,  216;  of  serous  and  synovial  mem- 
branes, 219  ;  of  mucous  membranes,  222  ; 
of  epithelium,  226;  of  skin,  235;  of  epi- 
dermis, 237;  of  nails,  240;  of  hairs,  246; 
of  crystalline  lens,  254;  of  bones,  268 — 
270;  of  teeth,  272;  of  capillary  vessels, 
291,  292  ;  of  nervous  tissue,  342,  343. 

Regeneration  of  lost  parts,  572,  573 ;  see 
Reparation. 

Regimen,  influence  of,  on  composition  of 
Blood,  157;  on  system  generally,  380 — 
385. 

Renal  vein,  blood  of,  165. 

Reparation  of  injuries,  572  ;  completeness  of, 
in  lower  animals,  572  ;  limitations  of,  in 
higher,  572,  573  ;  more  energetic  and 
complete  in  embryonic  state  and  in  child- 
hood, 127,  129,  573;  not  dependent  on 
inflammation,  573,  574  ;  by  immediate 
union,  574  ;  by  adhesion,  574,  575  ;  by 
modelling  process,  575 — 577;  by  suppu- 
rative granulation,  577 — 579. 

Reproduction,  general  nature  of  the  function, 
368,  369  ;  (see  Genkration.) 

  of  lost  parts,  572,  573;  (see 

Regeneration  and  Reparation). 

Resinous  dcessing  for  wounds,  577. 

Resistance,  sense  of,  most  generally  diffused, 
887,  896. 

Resonance  of  sounds,  930 — 932. 

Respiration,  general  nature  of  the  func- 
tion, 365,  366  ;  provisions  for,  508  ; 
sources  of  demand  for,  508 — 510. 
Structure  of  apparatus  for,  510 — 516  (see 
Lungs). 

Movements  of,  516;  muscular  force  re- 
quired for,  517;  rate  and  extent  of, 
518;  dependence  of,  on  nervous  system, 
519 — 527  ;  incapable  of  voluntary  re- 
straint, 521,  522  ;  disturbance  of,  by 
attention  to  them,  953. 

Effects  of,  on  Air,  527 — 548  (see  Air) ; 
on  Blood,  158—162. 

Consequences  of  Suspension  of,  544 — 546; 
effects  of  deficiency  of,  546 — 556. 
 of  hydrogen,  538  ;  of  nitrogen, 

538  ;  of  oxygen,  160,  543. 
  artificial,  partial  sustenance  of 

heat  by,  647. 
Respiratory  Circulation,  peculiarity  of,  510, 

511. 

 Pulse,  503,  504. 

Restiform  Bodies,  702—706. 

 Ganglia,  703. 

Rote  Mucosum,  236. 

Retina,  structure  of,  913  ;  deficient  sensibi- 
lity of,  at  entrance  of  optic  nerve,  928  ; 
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visual  perception  of,  928;  development  of, 
1049. 

Rhythmical  movements  of  heart,  473 — 477. 

Rigor  mortis,  326—328;  influence  of  elec- 
tricity upon,  327. 

  of  heart,  483. 

Right,  elementary  notion  of,  813. 

Roots  of  spinal  nerves,  peculiar  endowments 
of,  674,  675,  680  ;  connections  of,  with 
Spinal  Cord,  684—686. 


S. 

Saccharine  Compounds,  46. 

  Matter  in  blood,  1 57. 

  Principles  of  Food,  375,  376. 

St.  Kilda,  high  rate  of  infantile  mortality  in, 
555. 

St.  Martin,  case  of,  406,  420,  422,  425— 
427. 

(Satoa,  composition  of,  413 — 415;  uses  of, 
415,  416  ;  influence  of  nervous  system  on 
flow  of,  978. 

Salivary  glands,  413. 

Salt,  common,  see  Chloride  of  Sodium. 

Salts  of  Blood,  154  ;  alteration  of,  in  disease, 
172. 

Sanyuijication,  process  of,  453 — 470  ;  share 
of  Liver  in,  453,  454;  share  of  Absorbent 
system  in,  454,  460  ;  share  of  Ductless 
Glands  in,  466—470. 

Sanskritic  languages,  1 085,  1 089. 

Sarcous  elements  of  muscle,  294. 

Saunderson,  case  of,  899. 

Schneiderian  membrane,  distribution  of 
nerves  in,  905,  906. 

Scrofulous  constitution,  586. 

Scurvy,  state  of  blood  in,  168,  170. 

— ■  ,  at  Milbank  Penitentiary,  397. 

Sebaceous  Glands,  232,  233. 

Secondarily  automatic  actions,  742,  743. 

Secretion,  general  nature  of,  367,  588, 
589;  eff'ected  by  the  agency  of  cells,  100, 
11 2,  229 ;  continuance  of,  after  death,  977; 
influence  of  nervous  system  on,  345,  346, 
357,  358,  977 — 985;  its  relations  to  excre- 
tion, 589,  590  (see  Excretion);  metastasis 
of,  593 — 595.  See  Liver,  Kidiwy,  Bile, 
Urine,  &c. 

Secunderabad,  mortality  in  barracks  at,  553. 
Segmentation  of  vitellus,  1026,  1027. 
Selecting  power  of  individual  parts,  194. 
Self-control,  power  of,  672,  673;  gradual 

acquirement  of,  848;  loss  of,  in  Insanity, 

836—840  (see  Will). 
Semicircular  canals,  936. 
Seminal  Animalcules,  see  Spermatozoa. 
  Fluid,  characters  of,  990;  secretion 

of,  influenced  by  state  of  feeling,  979  note. 
Semitic  races,  1086,  1087,  1090,  1091. 
Sensation,  definition  of,  883;  dependence  of, 

on  nervous  distribution,  883;  on  capillary 

circulation,  884;  connection  of,  with  pain  ) 
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and  pleasure,  885  —  887 ;  influence  of 
habit  on,  885,  886;  different  forms  of, 
887 — 889;  general  and  special,  887 — 
889;  subjective  and  objective,  889,  890; 
reference  of,  to  seat  of  impressions,  891; 
influence  of  attention  on,  891 — 893;  mo- 
dification of,  by  previous  beliefs,  893, 
894. 

Sensations,  not  essential  to  reflex  actions  of 
Spinal  Cord,  697 — 700 ;  but  usually  asso- 
ciated with  them,  720,  721;  instrumental 
in  reflex  actions  of  Sensory  Ganglia,  740 
— 743;  essential  to  voluntary  movements, 
743 — 750;  the  stimuli  to  higher  intel- 
lectual operations,  776,  777. 

Senses,  exaltation  of,  in  Somnambulism, 
860. 

Sensori-motor  actions,  345,  373,  400,  672, 
740—743. 

Sensorium,  its  special  seat  in  the  sensory 
ganglia,  729. 

Sensory  Ganglia,  general  structure  and  rela- 
tions of,  669,  869 — 871;  particular  ac- 
count of,  726 — 729;  their  relative  pre- 
dominance in  the  descending  series,  728; 
constitute  the  whole  Encephalon  of  lowest 
Fishes  and  Invertebrata,  732;  the  pro- 
bable seat  of  sensation,  729,  730;  reflex 
actions  of,  739 — 741;  independent  func- 
tions of,  741—743,  871—874;  their  par- 
ticipation in  voluntary  actions,  743 — 750; 
pathological  relations  of,  871 — 876;  sus- 
pended action  of,  874 — 876. 

Sensory  Nerves,  laws  of  transmission 
through,  676,  677. 

  Tract  of  Medulla  Oblongata,  705, 

706. 

Seriform  races,  1088,  1089. 
Serolin,  45. 

Serous  Effusions  of  inflammation,  583. 

 Layer  of  germinal  membrane,  1027. 

Serous  Membranes,  217 — 219. 

Serpents,  spinal  cord  of,  687;  sympathetic 
system  of,  683. 

Serum,  of  Blood,  136,  175;  proportion  of,  to 
Crassamentum,  181;  milky,  156,  157. 

 ,  of  Serous  Membranes,  218. 

Seventh  Pair  of  Nerves,  portio  dura  of,  710 
(see  Facial  Nerve). 

Sexes,  proportional  number  of,  1054;  dif- 
ferences in  general  development  of,  1053, 
1056;  in  viability  of,  1054,  1055;  in  con- 
stitution of,  1056,  1057. 

Sexual  Listinct,  supposed  location  of,  in  Ce- 
rebellum, 756 — 761. 

 Organs,  see  Generative  Apparatus, 

Testes,  Ovaria,  and  Uterus. 

 Secretions,  influence  of  nervous  sys- 
tem on,  979. 

 sense,  situation  of  ganglionic  centre 

of,  761,  762. 

Sheep,  new  breeds  of,  1079  note. 

Shock,  influence  of,  on  musciUar  irritability, 
313,  314;  on  heart,  475. 
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Sighing,  act  of,  524. 

Sign-laiiguage  of  deaf-and-dumb,  782  note. 

Signs  of  Death,  1103,  1104. 

— ^ —  of  Pregnancy,  1015. 

Silica,  its  presence  in  the  body,  80. 

Similarity,  law  of,  802 — 805. 

Single  Vision  with  two  eyes,  917 — 921, 

Sinus  pocularis,  1 042. 

  urogenitalis,  1041,  1042. 

Six-fingered  races,  1079. 

Sixth  Pair  of  Nerves,  functions  of,  708,  709. 

Size,  visual  appreciation  of,  923,  924. 

Skeleton  of  Invertebrata,  structure  of,  255. 

■   Vertebrata,  general  structure  of, 

256;  development  of,  1044;  varieties  in 
conformation  of,  1072 — 1078. 

Skin,  structure  of,  230 — 239;  Cutis  vera, 
230,  231;  glandulse  of,  232—234;  pa- 
pillae of,  894,  895;  nutrition  of,  234,235; 
Epidermis,  235 — 237  ;  pigment-cells,  237 
— 239  ;  Transpiration  from,  629 — 632. 

Skull  of  Man,  distinctive  peculiarities  of,  1 0, 
14  ;  varieties  in  form  of,  1072 — 1 076  ;  in- 
duced modifications  of,  1076,  1077. 

Sleep,  definition  of,  850,  851;  necessity  for, 
851;  periodicity  of,  851;  predisposing  in- 
fluences to,  852 ;  intermediate  stages  be- 
tween sleep  and  waking,  853,  854 ; 
influence  of  habit  in  inducing,  854,  855  ; 
influence  of  impressions  on  the  sleeper, 
855,  856;  amount  of,  required  by  man, 
856 — 858  ;  cases  of  absence  and  deficiency 
of,  858  ;  undue  protraction  of,  858. 

Smell,  sense  of,  905 — 908;  peculiar  objects 
of,  905  ;  nervous  apparatus  of,  906 ;  in- 
fluence of  Fifth  pair  on,  907  ;  uses  of, 
907  ;  improvement  of,  907 ;  special  ex- 
altation of,  907  note;  modification  of,  by 
habit,  908. 

Smoke,  peculiar  acid  of,  647  note. 

Smooth  Muscular  fibre,  300,  301. 

Sneezing,  act  of,  525. 

Sobbing,  act  of,  524. 

Soda,  carbonate  and  phosphate  of,  their  pre- 
sence and  uses  in  the  body,  82 — 84. 

Sodium,  chloride  of,  see  Chloride  of  Sodium. 

Solidity,  perception  of,  918 — 921. 

Somatic  death,  1099—1101. 

Somnambulism,  peculiarity  of  state  of,  829 — 
831 ,  841 ;  exaltation  of  Muscular  sense  in, 
746;  exaltation  of  sense  of  smell  in,  907 
note. 

Sound,  laws  of  propagation  of,  930 — 933. 
Soun  d  s.  Articulate,  9 7  0 — 9 7  6 . 

  of  Heart,  480—483;  of  Placenta, 

1014. 

Specific  distinction  between  Human  races,  no 
adequate  grounds  for,  1080 — 1084. 

Spermatic  cells,  independent  life  of,  102. 

Spermatozoa,  characters  of,  990,  991;  evolu- 
tion of,  991;  the  essential  fertilizing 
agents,  991,  992. 

Sperm-cells  of  Plants,  986,  987  ;  of  Man, 
991. 


Spherical  aberration,  909. 

Sphincters,  action  of,  412,  718. 

Spinal  Accessory  Nerve,  functions  of,  714, 
715;  inosculation  of  its  roots  with  Pneu- 
mogastric,  712. 

Spinal  Axis,  functions  of,  717 — 726,  877; 
its  control  over  the  orifices  of  the  body, 
718  ;  its  relation  to  the  Organic  functions, 
718,  719;  its  protective  agency,  719, 
720;  morbid  excitability  of,  724,  725; 
pathological  relations  of,  877 — 882. 

 Cord,  general  structure  and  relations 

of,  668  ;  comparative  anatomy  of,  687  ; 
particular  account  of,  683 — 701;  anatomy 
of,  684 — 692;  external  conformation,  and 
connexion  of  with  nerves,  684;  internal 
structure  of,  685 — 692 ;  different  views 
respecting,  688,  689  ;  functions  of,  693 — 
701  ;  conducting  power  of,  693 — 696; 
reflex  actions  of,  696 — 701;  their  inde- 
pendence of  sensation,  697 — 700;  their 
adaptive  character,  700,  701;  cases  of  in- 
jury of,  698  —  700  ;  experimental  re- 
searches on,  696,  697,  701  (see  Spinal 
Axis). 

Spinal  Nerves,  connections  of,  with  Cord, 
684 — 686,  706 ;  general  endowments  of, 
674—680. 

Spleen,  structure  of,  460 — 463 ;  development 

of,  463  ;  functions  of,  466—470. 
Spiritualist  doctrine,  its  truths  and  its  errors, 

Spitalfields  Workhouse,  fever,  &c.,  at,  552, 
553. . 

Spontaneous  amputation,  reproduction  of 

limbs  after,  573. 
Splenic  vein,  blood  of,  163,  164,  468. 
Stallions,  Cerebellum  of,  758,  759. 
Stammering,  pathology  and  treatment  of,  974 

— 976  ;  influence  of  emotions  on,  791, 

792. 

Starvation,  efl'ects  of,  395,  396  ;  symptoms 
of,  396,  397 ;  prolonged,  397,  398  ;  death 
by,  395 — 399;  consequent  upon  loss  of 
heat,  643—645. 

Steam,  application  of,  to  wounds,  576. 

Stearic  Acid,  40, 

Stearin,  39, 

Stereoscope,  919—921. 

Stomach,  movements  of,  406 — 408  ;  secret- 
ing apparatus  of,  416,  417  ;  villi  of,  417, 
418;  gastric  secretion  of,  418 — 425  (see 
Gastric  Juice)  ;  its  operation  in  Digestion, 
425—429  ;  efl'ects  of  blows  on,  314. 

Strabismus,  pathology  and  treatment  of,  948, 
949. 

Strangury,  convulsive  action  in,  881, 
Stratum  Malpighii,  236. 
Strength,  feats  of,  950,  951. 
Striated  Muscular  fibre,  293  (see  Muscular 
Fibre). 

Strings,  vibrating,  action  of,  962. 

Strumous  constitution,  586. 

Strychnia,  artificial  tetanus  of,  725,  870. 

4  c  2 
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Subcutaneous  Wounds,  reparation  of,  215, 
216. 

Subjective  Sensations,  889 — 894. 
Substantia  gelatinosa  of  Spinal  Cord,  685, 
686. 

  spongiosa,  485. 

Succession  of  Mental  states,  847,  848  (see 

Trains  of  Thought). 
Siiccus  entericus,  430,  431,  434,  435, 
Suction,  act  of,  400,  401,  721. 
Sudoriparous  excretion,  composition  of,  630  ; 

amount  of,  630,  631  ;  vicarious  with  uri- 
nary, 631,632. 
•   glanduloe,  structure  of,  233, 

234  ;  number  of,  629  ;  excretory  action 

of,  630—632. 
Sufjar,  its  composition  and  properties,  46; 

its  transformation  in  the  body,  47 ;  its 

production  in  the  body,  48,  49. 
Sugar  of  Milk,  1064. 

Suggestion,  influence  of,  in  determining  suc- 
cession of  thought,  816,  825 — 840. 

Sulphates,  Alkaline,  their  presence  in  the 
bodj',  86  ;  in  the  urine,  622,  623. 

Sulphocyanide  of  potassium,  its  presence  in 
the  body,  86  ;  in  the  saliva,  414. 

Sulphur,  an  element  of  protein-compounds, 
22  ;  presence  of,  in  urine,  65  ;  large  pro- 
portion of,  in  cystine,  66,  G7  ;  in  taurine, 
70  ;  oxidation  of,  in  body,  86. 

Superfcctation,  1 022,  1023. 

Supernumerary  parts,  development  of,  568, 
569. 

Suppuration,  585,  586 ;  of  granulation  sur- 
face, 577,  578. 

Supm-Renal  bodies,  structure  of,  463,  464; 
development  of,  464,  465;  functions  of, 
466,  467. 

Surgical  fever,  predisposing  cjiuses  of,  203. 

Symmetrical  diseases,  194. 

Spnpalhetic  Si/stem,  general  structure  of,  682, 
683  ;  arrangement  of,  862. 
Cerebro-Spinal  fibres  in,  862,  863  ;  their 
instrumentality  in  sensation  and  muscu- 
lar contraction,  862,  863  ;  their  influ- 
ence on  movements  of  intestines,  410, 
953  ;  on  heart's  action,  474,  475  ;  on 
calibre  of  blood-vessels,  488,  863 ;  on 
dilatation  of  pupil,  863,  864. 
Proper  Fibres  of,  332 ;  their  probable 
functions,  864  ;  influence  of,  on  animal 
heat,  648. 

Syncope,  state  of  Nervous  Centres  in,  725  ; 

death  by,  1100. 
Synovia,  218. 

Synovial  Membranes,  21 7 — 21 9. 
Syro- Arabian  races,  1086,  1087. 
Systole  of  ventricles,  477,  478  ;  sound  pro- 
'  duced  by,  481,  482  ;  quantity  of  blood 

discharged  by,  483,  484  ;  force  of,  484, 

485  ;  frequency  of,  485,  486. 
Swallowing,  act  of,  402 — 406. 
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Taliacotian  operation,  regeneration  of  nerve- 
tissue  in,  342. 

Tamulian  language,  1089. 

Taste,  sense  of,  900 — 905  ;  peculiar  objects 
of,  900  ;  special  conditions  of,  901  ; 
papillae  of,  902,  903;  nerves  of,  711; 
712,  900;  varying  acuteness  of,  903  ; 
participation  of  smell  in,  904  ;  uses  of, 
904 ;  improvement  of,  by  habit,  905  ; 
cases  of  loss  of,  711,  904. 

Taunton,  cholera  at,  548. 

Taurine,  70. 

Taurocholic  Acid,  69. 

Teeth,  structure  of,  270 — 274 ;  composition 
of,  274;  development  of  tissues  of,  274 — 
278;  evolution  of,  279—284;  exuviation 
and  replacement  of,  285,  286  ;  degenera- 
tion and  death  of,  665  ;  production  of,  in 
cysts,  569. 

Temperature,  Animal,  see  Heat. 

 Sense  of,  896—898, 

Tendencies  to  thought,  794. 

Tendons,  structure  of,  211  ;  reparation  of, 
215  ;  attachment  of,  to  muscle,  299. 

Tenesmus,  convulsive  action  in,  881. 

Tension,  nuiscular,  influence  of  Spinal  Cord 
on,  723. 

Testes,  structure  and  secretion  of,  989, 
990  ;  development  of,  1041,  1042. 

Tetanus,  pathology  of,  725,  877,  878. 

Thalami  Optici,  726,  727  j  functions  of, 
731—733. 

Thaumatrope,  925. 

Third  Pair  of  Nerves,  functions  of,  708— 
710  ;  its  influence  on  the  movements  of 
the  pupil,  708  note,  709,  720,  914. 

  Ventricle  of  Brain,  1048. 

Thirst,  sense  of,  394. 

Thorax,  movements  of.  in  respiration,  516— 
518. 

Thymus  Gland,  structure  of,  465  ;  develop- 
ment of,  465,  466  ;  functions  of,  466, 467. 

Thyroid  cartilage,  959  ;  movements  of,  960, 
961. 

Thyroid  Glaiid,  structure  of,  466 ;  develop- 
ment of,  466  ;  functions  of,  466,  467. 

Tissues,  primary,  general  classification  of, 
208—210. 

Tongue,  papillse  of,  902,  903;  sensory 
nerves  of,  708,  711,  712  ;  motor  nerves 
of,  715,  716;  partial  paralysis  of,  711, 
716. 

Tonicity,  of  Muscles,  324,  325  ;  of  Arteries, 
489,  490. 

Touch,  Ganglia  of,  727  ;  Nerves  of,  739  ; 
Sense  of,  894—899  ;  papilla  of,  894, 
895  ;  varying  acuteness  of,  895,  896 ; 
knowledge  acquired  by,  896—898;  im- 
provement of,  898,899. 

Townscnd,  Col.,  case  of,  1 102. 

Toxic  diseases,  general  pathology  and  H""" 
rapeutics  of,  201—208. 
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Toxic  Injlmnce  on  the  Nervous  System,  pro- 
duction of  delirium  by,  832 — 835  ;  its 
relation  to  Insanity,  867  ;  to  chorea,  869; 
to  coma,  874  ;  to  paralysis,  875,  881  ;  to 
epilepsy,  875  ;  to  tetanus,  878  ;  to  hys- 
teria, 879  ;  to  convulsive  diseases  gene- 
rally, 881. 

Trainers'  Diet,  387,  388. 
■  Trains  of  Thought,  811  ;  intuitional  nature 
of  some  of  these,  811 — 815  ;  influence  of 
Suggestion  in  exciting  them,  816,  825 — 
840;  influence  of  the  Will  in  directing 
and  controlling  them,  816,  817,  821 — 824, 
848—850. 

Trance,  state  of,  1 103. 

Transmission  of  nerve-force,  laws  of,  676 — 
678;  of  electricity,  678. 

Transudation  of  water  by  Kidneys,  615. 

Trigeminus  or  Trifacial  Nerve,  functions  of, 
706—708  ;  lingual  branch  of,  71 1,  712. 

Trismus  nascentium,  mortality  from,  554, 
555. 

Tritoxide  of  Protein,  33,  34. 
Troglodytes  gorilla,  skull  of,  14. 
Truth,  elementary  notion  of,  812. 
Tuber  Annulare,  effects  of  division  of,  733, 
734. 

 Cinereum,  766. 

Tubercle,  nature  of,  586 — 588. 

Tubercula  Quadrigemina,  726  ;  fiinctions  of, 
730,  731. 

Tubuli  seminiferi,  989. 

  uriniferi,  6 1 0 — 613. 

Tumours,  their  relation  to  hypertrophies, 
568  ;  malignant,  569,  588. 

Turkish  nation,  modification  of,  1076,  1088. 

Tympanum,  structure  and  functions  of  mem- 
brane of,  933,  934  ;  cavity  of,  934,  935. 

Typhoid  fever,  state  of  blood  in,  168,  173. 

Tyrosine,  derived  from  protein-compounds, 
23. 

U. 

Ulceration,  nature  of,  580. 

Umbilical  Cord,  structure  of,  1032,  1033. 

 Vesicle,  1 029,  1 032. 

 Vessels,  1033—1036. 

Unconscious  activity  of  the  Cerebrum,  811, 
818—820. 

Union  of  cut  surfaces,  immediate,  674  ;  by 

adhesion,  574,  575. 
Unity,  Specific,  of  Human  Races,  1080 — 

1084. 
Uriemia,  616,  617. 

Urea,  its  chemical  composition  and  proper- 
ties, 53  ;  sources  of  its  production  in  the 
living  body,  53 — 55 ;  amount  of,  ordi- 
narily excreted,  618,  619;  variations  in 
quantity  of,  619 — 622  ;  presence  of,  in 
sweat,  630. 

Uric  Acid,  its  chemical  composition  and  pro- 
perties, 55 — 58 ;  sources  of  its  production 
in  the  living  body,  58,  59;  amount  of, 
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ordinarily  excreted,  618,  619;  variations 
in  quantity  of,  59,  619,  622;  circum- 
stances affecting  solubility  of,  57,  58,  625, 
626. 

Uric  Oxide,  66,  67. 

Urinary  Bladder,  contraction  of,  411,  412; 

development  of,  1041,  1043. 
  Excretion,  general  purposes  of,  52, 

90,  616;  metastasis  of,  593,  594;  see 

Urine. 

  Organs,  development  of,  1040 — 

1042. 

Urination,  act  of,  411,  412,  718. 

Urine,  secretion  of,  616;  excrementitious 
character  of,  616,  617;  physical  proper- 
ties of,  617  ;  quantity  of,  617  ;  specific 
gravity  of,  617,  618  ;  composition  and 
properties  of,  618,  619  ;  differences  of, 
with  age,  619;  individual  components  of, 
52—67,  619—621  ;  influence  of  diet 
upon,  621,  622;  inorganic  constituents  of, 
622 — 624  ;  acid  reaction  of,  624 — 626  ; 
alkaline  reaction  of,  626,  627;  eliminating 
agency  of,  627,  628 ;  influence  of  diuretics 
on,  627,  628  ;  incontinence  of,  725,  726, 
881. 

Urine-Pigment,  65. 
Uro-erythrine,  65. 
Uro-glaucin,  65. 
Uroxanthin,  65. 

Uterus,  muscular  substance  of,  301,  310  ; 
development  of,  during  pregnane j',  1015  ; 
embryonic  development  of,  1042;  inherent 
motility  of,  109,  110  ;  action  of,  in  partu- 
rition, 1016,  1017;  reflex  action  of,  101 6  j 
subsequent  fatty  degeneration  of,  564, 
1017  note;  rudimentary,  of  male,  1042. 


V. 

Vagus  Nerve,  see  Pneumogastric. 

Valves  of  Heart,  480  ;  sounds  produced  by 

tension  of,  481,  482. 
Vapour,  aqueous  absorption  of,  450, 45 1,542; 

exhalation  of,  540,  541. 
Variation,  individual,  1069,  1070,  1078. 
 ■  spontaneous,  tendency  to,  1078, 

1079. 

Varieties  of  Man,  their  essential  conformity 
in  structure,  1070 — 1080  ;  in  physiologi- 
cal history,  1080,  1081  ;  in  psychical  en- 
dowments, 1081 — 1083  ;  in  languages, 
1083,  1084  {sQe  Races). 

Vasa  lutea,  1030  note. 

Vascular  Area,  1029;  formation  of  vessels 
in,  145,  289. 

 Layer  of  Germinal  membrane, 

1028,  1029. 

Vascular  Glands,  460;  see  Spleen,  Supra- 
Renal,  Thymus,  and  Thyroid  bodies. 

Vegetable  substiinces  adapted  for  Human 
food,  375 — 381;  their  dietetic  uses,  381 
—384. 
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Vegetables,  movements  of,  109. 

Veins,  movement  of  Blood  in,  502—505; 

structure  and  properties  of,  502,  503; 

causes  of  motion  of  blood  in,  503,  504; 

influence  of  gravity  on,  504,  505;  effects 

of  deficient  tonicity  on,  505. 
Vena  Portae,  distribution  of,  in  liver,  597, 

598;  blood  of,  162,  163. 
Venae  Azygos,  1034,  1035. 
Venous  and  Arterial  Blood,  differences  of, 

158—162. 

Ventilation,  effects  of  deficient,  546—556. 

Ventricles  of  Heart,  movements  of,  477, 
478;  relative  thickness  of,  479,  480; 
capacity  of,  480;  sounds  produced  by, 
480 — 482;  quantity  of  blood  propelled 
by,  483,  484;  force  of  propulsion  by, 
485. 

Vertebra,  typical,  1044—1046. 

Vertebrae,  cranial,  1046, 1047. 

Vertebral  Column,  first  indications  of,  1028  ; 
subsequent  development  of,  1044. 

Vertcbrata,  distinguished  by  Intelligence, 
and  by  possession  of  Cerebrum,  667  ;  sub- 
serviency of  entire  organism  to  Nervous 
System  in,  667. 

Vesicles  of  evolution  of  Spermatozoa,  991. 

Vesicula  prostatica,  1042. 

Vesicular  nervous  substance,  333 — 335. 

Vessels,  Sanguiferous,  see  Arteries,  Capil- 
laries, and  Veins. 

 Absorbent,  see  Lacteals  and  Lym- 
phatics. 

Vestibular  cavity  of  ear,  929,  936. 
Viability,  of  Foetus,   1021  ;   relative,  of 

Male  and  Female,  at  different  ages,  1054, 

1055. 

Villi,  Intestinal,  220,  227;  structure  and 
action  of,  442 — 444  ;  rhythmical  move- 
ments of,  443. 

  of  Chorion,  1010,  1011  ;  of  placenta, 

1011,  1012. 

Virility,  protracted,  992. 

Visceral  system,  see  Sympatlwtic  System. 

Vision,  sense  of,  908 — 928;  special  use  of, 
in  guiding  locomotive  actions,  745,  746; 
optical  conditions  of,  908 — 912;  defec- 
tive, 912;  nervous  apparatus  of,  912 — 
914;  limits  of,  915;  mental  participation 
in,  915,  925  ;  connection  of,  with  touch, 
915;  erect,  916,  917;  single,  with  two 
eyes,  917,  918 ;  appreciation  of  solid 
forms  by,  918—921  ;  of  distance,  922, 
923  ;  of  size,  923,  924  ;  persistence  of 
impressions,  925,  926 ;  complementary 
colours,  926;  other  modifications  of  co- 
lour, 927  ;  want  of  power  to  distinguish 
colours,  927;  vanishing  of  images,  927, 
928  ;  representation  of  retina  itself,  928. 

Vital  Capacity  of  lungs,  527—529. 

 Force,  its  agency  in  the  living  body, 

96;  conditions  of  its  exercise,  120 — 124 ; 
its  relations  to  Physical  Forces,  123 — 
126. 
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Vitellin,  27. 

Vitelline  vesicle  and  duct,  1028,  1029,  1032. 

  vessels,  1029,  1030. 

Vitellus  of  ovum,  994;   segmentation  of, 

1026, 1027. 
Vitreous  body,  structure  and  nutrition  of, 

255. 

Vocalization,  automatic  action  of  muscles  of, 
744,  745. 

Vocal  Ligaments,  see  Chordae  Vocales. 

Voice,  ordinary,  mode  of  production  of,  966 ; 
falsetto,  mode  of  production  of,  967,  968; 
(see  Larynx), 

Volition,  action  of,  on  the  Body,  82 1 — 823  ; 
on  the  Mind,  823—825  ;  (see  Will). 

Volitional  Actions,  792  note;  influence  of 
emotions  on,  792,  793;  dependence  of, 
upon  previous  idea  of  success,  793,  821, 
822,  827 ;  (see  Will.) 

Voluntary  Movements,  their  dependence  on 
guiding  sensations,  743 — 746  ;  performed 
by  the  instrumentality  of  the  Sensori- 
motor apparatus,  746 — 750  ;  not  definitely 
distinguishable  from  involuntary  move- 
ments, 940  —  942  ;  impulse  to  them  origi- 
nates in  Cerebrum,  776;  (see  Volitional 
Actions). 

Vomiting,  reversed  action  of  oesophagus  in, 

406  ;  action  of  stomach  in,  408,  409. 
Vowel-sounds,  production  of,  970 — 972. 


Walking,  automatic  action  of,  721 — 723. 

Wandsworth,  cholera  at,  551. 

Waste  of  Tissues,  see  Disintegration  and 
Degeneration, 

Water,  proportion  of,  in  different  tissues,  74; 
its  uses  in  the  economy,  75 ;  proportion 
of,  in  blood,  149,  150;  influence  of  in- 
gestion of  fluid  on,  157 ;  alterations  in, 
produced  by  disease,  172  ;  importance  of, 
in  diet,  380;  effects  of  impurities  of,  390. 

Water- dressing  for  wounds,  576. 

Weight  of  Foetus  at  different  ages,  1051— 
1053;  of  male  and  female  at  after 
periods  of  life,  1055,  1056. 

White  Corpuscles,  see  Blood-Corpuscles,  Co- 
lourless. 

Wliite  Fibrous  Tissue,  structure  and  compo- 
sition of,  211,  212  ;  presence  of,  in  Areo- 
lar tissue,  213,  214;  development  and 
reparation  of,  214 — 216. 

Will,  freedom  of,  800,  848 ;  its  influence 
ou  the  Organism  in  general,  821 — 823; 
its  manifestation  in  Force,  5,  799,  814; 
its  domination  over  reflex  actions,  6/ 1, 
672  ;  its  operation  through  automatic 
apparatus,  746—750;  requires  guiding 
sensations  for  its  direction  to  the  muscles, 
743—746;  influence  of  emotional  states 
of  mind  upon  its  exercise,  792,  793; 
influence  of  ideational  states,  821,  822. 
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Will,  its  influence  on  Psychical  action,  672 — 
674,  800,  816— 8] 8,  823—825,  840— 
844  ;  effects  of  its  suspension,  in  Reve- 
rie, 825, 826;  in '  Biological'  state,  826, 
827  ;  in  Somnambulism,  829,  830  ;  in 
Dreaming,  831 — 833  ;  in  Delirium  and 
mania,  833—836  j  in  Insanity,  836 — 
840  ;  government  of  the  conduct  by, 
842,  843,  848-850. 
Its  general  control  over  Automatic  actions 
of  nervous  system,  864;  over  Cerebral 
action,  865 — 869  ;  over  Sensory  Gang- 
lia, 870,  871  ;  over  Spinal  Axis,  877. 

Winking,  act  of,  719. 

Wounds,  healing  of,  574—579. 


X. 

Xanthine,  66. 

Y. 
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Yellow  Fever,  muscular  actions  after  death 
from,  321;  continued  flow  of  blood,  496; 
subsequent  production  of  heat,  639. 

Yellow  Fibrous  Tissm,  structure  and  com- 
position of, 212, 213;  presence  of,  in  Areo- 
lar tissue,  213,  214;  development  of, 
215. 

Yolk,  composition  of,  994  j  segmentation  of, 

1026,  1027. 
Young    animals,    inferior  heat-producing 

power  of,  649 — 652. 


z. 

Zona  pellucida,  994. 

Zymotic  diseases,  favoured  by  previous  state 
of  blood,  202—206;  by  putrescent  food, 
388,  389;  by  putrescent  water,  390;  by 
starvation,  397;  by  deficiency  of  respira- 
tion, 547 — 556. 


Yawning,  act  of,  524;  consensual  nature  of, 
740,  741. 
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A. 

Abekcrombie,  Dr.,  on  dreaming,  831  note, 
832  7iotc. 

Addison,  Mr.,  on  fibrillation  of  liquor  san- 
guinis, 118;  on  colourless  corpuscles,  142, 
189,  190. 

Agassiz,  Prof.,  on  psychical  conformity  of 
human  races,  1082. 

Alcock,  Dr.,  on  nerves  of  taste,  711. 

Alison,  Prof.,  on  buffy  coat,  1 82  ;  on  muscu- 
lar irritability,  320 ;  on  asphyxia,  referred- 
to,  546  note ;  on  jaundice  from  suppression 
of  hepatic  excretion,  G07 ;  on  guiding  sen- 
sations, 744  ;  on  rapidity  of  muscular  ac- 
tions, 951;  on  Death,  referred- to,  1102 
note. 

Allen  and  Pepys,  their  experiments  on  respi- 
ration, 530. 

Ancell,  Mr.,  on  red  corpuscles  of  the  blood, 
referred  to,  137  note;  on  coagulation  of 
the  blood,  178  note. 

Andral,  M,,  on  temperature  in  disease,  638  ; 
on  pathology  of  Corpora  Striata  and  Tha- 
lami  Optici,  733 ;  on  pathology  of  Cere- 
bellum, 755. 

Andral  and  Gavarret,  MM.,  on  composition 
of  blood  in  health,  150;  on  composition  of 
blood  in  disease,  165 — 171  ;  on  buffy 
coat,  183;  on  expiration  of  carbonic  acid, 
533,534. 

Arnott,  Dr.,  on  the  venous  circulation,  504 ; 

on  stammering,  975. 
Atkinson,  Mr.  H.  G.,  on  materialism,  795 

note. 

Ascherson,  M.,  on  uses  of  fat,  44. 
B. 

Babington,  Dr.,  on  mucus,  221. 
Baillarger,  M.,  on  grey  matter  of  Cerebrum, 
765. 

Bain,  Mr.  Alex.,  on  laws  of  Association,  806 
note. 

Ballou,  Dr.,  on  suspended  lactation,  1061. 

Baly,  Dr.,  on  glandulaj  solitariae,  438  ;  on 
mechanical  excitement  of  olfactive  and 
gustative  sensations,  888,  901;  on  Corpus 
Luteum,  1003. 


Barker,  Dr.,  his  case  of  early  viability,  1022. 

Barlow,  Mr.  F.,  on  spontaneous  movements 
after  death  from  Cholera,  320. 

  Rev.  J.,  on  self-control,  840  note. 

Barral,  M.,  on  amount  of  carbon  excreted, 
537,  538;  on  excretion  of  nitrogen,  539, 
540  ;  on  excretion  of  hydrogen,  541  ;  on 
statistics  of  excretion,  590,  591. 

Barruel,  on  odorous  principles  of  blood,  153. 

Barry,  Dr.  Martin,  on  ovisac,  994, 996  ;  on 
changes  in  genninal  vesicle,  1005. 

Baxter,  Mr.,  on  disturbance  of  electric  equi- 
librium in  secretion,  655. 

Beau,  M.,  on  growth  of  nail,  239. 

Beau  and  Maissiat,  MM.  on  mechanism  of 
respiration,  527  note. 

Beaumont,  Dr.,  on  sense  of  satiety,  385;  on 
movements  of  stomach,  406,  407  ;  on  se- 
cretion of  gastric  juice,  420,  421  ;  on  dis- 
ordered states  of  the  stomach,  422,  423 ; 
on  gastric  digestion,  425 — 427. 

Beck,  Dr.,  on  superfoetation,  1023. 

B^clard,  M.,  on  blood  of  mesenteric  vein,l  62; 
on  blood  of  splenic  vein,  163. 

Becquerel,  M.,  on  development  of  electricity 
by  capillary  action,  93. 

Becquerel  and  Breschet,  MM.,  on  develop- 
ment of  heat  bj'  muscular  contraction, 
322  ;  on  cutaneous  asphyxia,  645. 

Becquerel  and  Rodier,  M  M.,  on  composition 
ofblood  in  health,  150,151,155;  on  effect 
of  loss  of  blood,  158;  on  composition  of 
blood  in  disease,  165—172  ;  on  increase 
of  cholesterin  in  blood  of  old  persons,  198. 

Belfield-Lefevre,  M.,  on  tactile  sensibility, 
896  note. 

Bell,  Sir  C,  on  the  hand,  9  ;  on  paralysis  of 
respiratory  muscles,  52 1 ;  on  distinct  func- 
tions of  anterior  and  posterior  roots  of 
spinal  nerves,  674,  882  7iote  ;  on  cephalic 
nerves,  678,  679  ;  on  columns  of  Spnial 
Cord,  693  ;  on  decussation  of  posterior  py- 
ramids, 703;  on  motor  and  sensory  tracts 
ofMedulIa  Oblongata,  704—706;  on  fifth 
pair,  707  ;  on  spinal  accessory,  714;  on 
guiding  sensations,  743 ;  on  partial  para- 
Ij^sis,  788. 

Bell,  Mr.  T.,  on  secretion  of  serpent-poison 
after  death,  977  ;  on  Australian  Dmgo, 
1078  note. 


INDEX  OF  AUTHORS  REFERRED-TO. 


1129 


Bellingeri,  on  columns  of  Spinal  Cord, 
695. 

Bement,  Mr.,  his  cases  of  protracted  gesta- 
tion, 1020. 

Bennett,  Prof.,  on  uses  of  fat,  44  ;  on  cyto- 
genesis,  106  ;  on  leucocythaemia,  170  ;  on 
colourless  corpuscles,  189  ;  on  epithelium- 
cells  of  intestinal  villi,  444  ;  on  production 
of  blood-corpuscles  in  ductless  glands,  468; 
On  aggregations  of  disintegrating  blood- 
corpuscles,  470 ;  on  cells  of  absorbent 
glands,  455  ;  his  cases  of  production  of 
sensations  by  ideas,  894. 

Bensch,  on  milk  of  carnivora,  91. 

Berger  and  Delaroche,  MM.,  their  experi- 
ments on  endurance  of  heat,  640,  641. 

Bernard,  M.  Claude,  on  production  of  fat  in 
the  liver,  41;  on  passage  of  cane-sugar 
into  the  urine,  46;  on  presence  of  sugar  in 
blood,  47;  on  production  of  sugar  by  liver, 
47 — 49  ;  on  blood  of  hepatic  vein,  164; 
on  state  of  gastric  follicles  in  intervals  be- 
tween digestion,  393;  on  salivary  secretion, 
415  ;  on  composition  of  gastric  juice,  418; 
on  secretion  of  gastric  juice,  421 ;  influence 
of  nervous  sj-stem  on,  423  ;  on  gastric 
digestion,  428,  429;  on  pancreatic  fluid, 
431 ;  on  influence  of  bile  on  digestion, 
433;  on  intestinal  digestion,  435;  on  re- 
flux of  blood  to  the  kidneys,  445  noie;  on 
assimilating  power  of  liver,  454,  610;  on 
influence  of  lesion  of  Sympathetic  on 
animal  heat,  648;  on  motor  roots  of 
pneumogastric,  713;  on  spinal  accessory, 
715;  on  chorda  tympani,  739. 

Berzelius,  on  lactic  acid,  51 ;  on  colouring 
matter  of  bile,  70,  71;  on  fluorine,  79; 
his  analysis  of  muscle,  302. 

Bibra,  Von,  on  phosphate  of  lime,  76;  on 
carbonate  of  lime,  77;  on  composition  of 
bone,  260,261;  on  composition  of  teeth, 
274. 

Bidder,  on  Sympathetic  nerve-fibres,  333 
note;  on  amount  of  lymph  and  chyle,  458 ; 
on  structure  of  kidney,  referred- to,  610 
note. 

Bidder  and  Schmidt,  on  quantity  of  bile 
secreted,  434. 

Bird,  Dr.  Golding,  on  lateritious  sediments, 
58;  on  efflorescence  of  uric  acid,  58  ;  on 
hippuric  acid,  61;  on  inosic  acid,  63;  on 
purpurine,  65  ;  on  xanthine,  66;  on 
cystine,  67  ;  on  phosphates  in  urine,  352; 
on  colouring-matters  of  urine,  621  noie; 
on  oxalates  in  urine,  624 ;  on  base  of  uric- 
acid  deposits,  626  note;  on  action  of  diu- 
retics, 628. 

Birkett,  Mr.,  on  anatomy  of  breast,  1058. 
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